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Recent  Bascule  Bridges  of  Canadian  Design  and 

Construction 

R.  S.  Eadie,  A.M.E.I.C.,  Designing  Engineer, 

and 

H.  W.  Buzzell,  A.M.E.I.C,  Structural  Designer, 

Dominion  Bridge  Company  Limited,  Montreal. 

Paper  to  be  presented  at  the  General  Professional  Meeting  of  The  Engineering  Institute  of  Canada,  Toronto,  Ont., 

February  7th  and  8th,  1935. 

SUMMARY. — After  mentioning  the  characteristics  of  the  three  principal  kinds  of  bascule  bridges,  the  paper  describes  tiu-ee  recent  bridges  of  the  simple 
trunnion  type,  giving  the  reasons  leading  to  the  particular  arrangements  adopted  in  each  case,  as  regards  the  structure  itself  and  the  operating  machinery. 
The  paper  indicates  the  manner  In  which  the  shop  equipment,  available  transportation  facilities,  and  local  conditions  at  the  site  had  to  be  considered  In 
each  case  in  deciding  on  the  type  ot  construction,  general  design,  and  methods  to  be  employed  in  fabrication  and  erection. 

Bascule  bridges  had  their  origin  in  the  mediaeval  draw- 
bridges which  were  used  to  span  the  moats  surrounding 
mihtary  strongholds.  As  these,  and  the  earliest  types  of 
bascule  bridges,  were  not  counterweighted  they  could  only 
span  narrow  openings.  With  the  advent  of  the  timber 
truss  it  became  for  the  first  time  possible  to  bridge  navigable 
steams  of  some  size. 

The  modern  era  of  bascule  bridge  building  may  be  said 
to  have  started  with  the  construction  of  the  London  Tower 
Bridge,  completed  in  1894.  Since  then  the  bascule  type 
has  been  developed  rapidly  and  many  sub-types  have  been 
invented  which  vary  considerably  in  design.  The  vast 
majority,  however,  may  be  grouped  into  three  classes: 

1.  The  simple  trunnion. 

2.  The  rolling  hft  such  as  the  Scherzer  or  Rail. 

3 .  The  multiple  trunnion  such  as  the  Strauss  or  Brown. 


A  bascule  bridge  of  any  type  may  be  built  with  either 
a  single  leaf  or  two  leaves  meeting  at  the  centre  of  the 
opening.  The  single  leaf  bridge  has  the  rigidity  of  a  simple 
span  and  is,  therefore,  preferable,  especially  for  railway 
traffic. 

The  simple  trunnion  type  of  bascule  is  one  of  the  oldest, 
is  the  least  complicated,  and  having  a  minimum  of  moving 
parts  lends  itself  admirably  to  aesthetic  treatment.  It  is 
essentially  a  see-saw  rotating  on  fixed  horizontal  trunnions 
which  turn  in  journal  bearings  supported  on  a  pier.  The 
fact  that  there  are  only  two  trunnions  per  leaf  greatly 
reduces  the  difficulties  of  fining  up  the  span  during  erection 
and  also  the  amount  of  maintenance  during  its  fife.  The 
London  Tower  Bridge  was  among  the  first  notable  bridges 
of  this  type  and  is  still  giving  satisfactory  service  after 
forty  years  of  operation.  It  is  a  double  leaf  structure 
providing  a  clear  waterway  of  200  feet  and  carries  a  32- 
foot  roadway  and  8-foot  6-inch  sidewalks. 

The  Scherzer  type  of  rolling  bascule  has  been  used 
extensively  for  the  past  forty  years  and  several  bridges  of 
this  type  span  the  new  Welland  canal.  It  is  particularly 
adapted   to   locations   where  the   counterweight  must   be 


kept  above  the  roadway,  but  has  no  advantages  over  the 
simple  trunnion  type  when  the  counterweight  may  be 
located  under  the  floor. 

The  design  of  the  supporting  pier  is  compficated, 
particularly  if  rock  or  other  good  bearing  strata  is  not 
found  at  a  reasonable  depth,  due  to  the  fact  that  the 
reaction  from  the  span  moves  across  the  pier  as  the  span 
opens  and  closes. 

The  design  and  fabrication  of  the  track  and  segmental 
girders  also  present  difficulties.  The  large  load  concentra- 
tions necessitate  the  use  of  very  heavy  metal  and  cumber- 
some details.  The  segmental  girders  particularly  are  costly 
and  difficult  to  fabricate,  taxing  the  facifities  of  the  most 
modern  fabricating  plant. 

The  multiple  trunnion  type  of  bascule  has  also  been 
extensively  used.  It  can  be  built  with  the  counterweight 
either  above  or  below  the  roadway.  It  has  no  advantages 
over  the  simple  trunnion  type  when  the  counterweight  can 
be  located  below  the  roadway.  The  multipficity  of  trunnions 
and  their  bearings  in  this  type  of  bascule  is  its  great  dis- 
advantage. They  add  greatly  to  the  cost  of  fabrication 
and  erection  and  also  to  the  cost  of  maintenance  and 
operation. 

The  three  bridges  dealt  with  in  this  paper  are  of  the 
simple  trunnion  type  and  are  located  as  follows: 

1.  Across  the  Red  river  at  Norwood  street,  Winnipeg, 
Man. 

2.  Across  the  York  river  at  Gaspe,  P.Q. 

3.  Across  the  Richefieu  river  at  Sorel,  P.Q. 

A  general  description  will  be  given  of  the  design, 
fabrication  and  erection  of  each  bridge  with  special  em- 
phasis on  those  points  which  are  pecufiar  to  bascule  bridges. 
General  Description 

Norwood  Street  bridge  consists  of  four  106-foot  fixed 
deck  plate  girder  spans  and  a  single  leaf  deck  plate  girder 
bascule  span  across  the  navigable  channel,  providing  an 
80-foot  clear  waterway.  The  bridge  carries  a  50-foot  road- 
way with  two  street  car  tracks  in  the  centre  and  with  an 
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8-foot  sidewalk  on  each  side.  The  bridge  was  built  for  the 
cities  of  Winnipeg  and  St.  Boniface.  Its  design  and  con- 
struction were  supervised  by  a  board  of  engineers  appointed 
by  the  provincial  and  civic  governments,  consisting  of  A.  J. 
Meindl  representing  the  city  of  St.  Boniface;  W.  P.  Brere- 
ton,  M.E.i.c,  representing  the  city  of  Winnipeg;  and  A.  J. 
Taunton,  a.m.e.i.c,  representing  the  province  of  Manitoba. 
A  plan  and  elevation  of  the  bridge  is  shown  in  Fig.  1. 


Fig.  1 — Plan  and  Elevation  of  Norwood  Street  Bridge. 


Gaspe  bridge  consists  of  five  spans,  four  through-truss 
fixed  spans  and  a  double  leaf  deck  plate  girder  bascule  span 
across  the  navigable  channel,  giving  a  clear  waterway  of 
90  feet.  The  bridge  carries  an  18-foot  roadway  with  a 
sidewalk  4  feet  6  inches  wide  on  one  side.  The  owners 
of  the  bridge  is  La  Compagnie  du  Pont  de  Gaspe  Limitee, 
who  hold  a  provincial  franchise.  The  consulting  engineers 
for  the  owners  were  Messrs.  Baulne  and  Leonard,  of 
Montreal.  The  design  and  details  were  also  subject  to 
the  approval  of  Ivan  Vallee,  a.m.e.i.c,  chief  engineer  of 
the  Department  of  Public  Works  and  Labour  (Quebec). 
This  bridge  is  now  known  as  "Pont  Monseigneur  Ross." 
A  plan  and  elevation  of  the  bridge  is  shown  in  Fig.  2. 

Sorel  bridge  consists  of  a  double  leaf  bascule  span  of 
half-through  truss  construction,  two  steel  deck  truss  flank- 
ing spans  and  reinforced  concrete  girder  approaches.    The 


bascule  piers  are  200  feet  centre  to  centre,  giving  a  clear 
channel  of  165  feet.  The  bridge  carries  a  24-foot  roadway 
with  two  5-foot  sidewalks.  It  was  built  for  the  Department 
of  Public  Works  and  Labour,  province  of  Quebec,  and 
Messrs.  Monsarrat  and  Pratley  of  Montreal  were  appointed 
by  the  department  as  consulting  engineers  to  approve  the 
design  and  detail  drawings.  A  plan  and  elevation  of  the 
bridge  is  shown  in  Fig.  3. 

Specifications  and  Design 
All  three  bridges  were  designed  and 
built  in  accordance  with  the  Canadian  En- 
gineering Standards  Association  Specifica- 
tions A6-1929  and  A20-1927  for  Highway 
and  Movable  Bridges,  respectively,  as  am- 
plified by  the  owner's  consulting  engineers 
in  each  case.  The  design  live  loading  varied 
for  each  bridge,  the  following  concentrated 
loads  being  used:  at  Norwood  street  two 
20-ton  trucks  abreast  together  with  two 
50-ton  street  cars  on  each  track;  at  Gasp6 
two  15-ton  trucks  abreast;  and  at  Sorel  two 
20-ton  trucks  abreast. 

In  addition  to  determining  the  stresses 
in  the  various  members  and  proportioning 
the  material  to  resist  them,  it  is  necessary, 
when  designing  a  bridge,  to  carefully 
consider  the  shipping,  transportation  and 
field  requirements  to  obtain  a  structure 
that  can  be  fabricated,  shipped  and 
erected  with  the  available  equipment.  It  has  also  to  be 
kept  in  mind  that  a  movable  bridge  is  a  machine  which 
must  operate  satisfactorily  under  widely  varying  weather 
conditions,  and  finally,  but  not  least  important,  the  out- 
line must  be  such  as  to  give  the  bridge  the  most  pleasing 
appearance. 

At  Norwood  a  deck  structure  was  adopted  as  it  is  the 
most  pleasing  type  as  viewed  from  the  roadway  and  by 
using  plate  girders  for  all  the  spans  a  satisfactory  outline 
was  obtained.  The  approach  to  the  bridge  passes  under 
the  Canadian  National  Railway  tracks.  Due  to  this  fact 
the  distance  between  the  crown  of  the  roadway  on  the 
bascule  span  and  high  water  was  not  sufficient  to  keep  the 
counterweight  clear  of  the  water  with  the  bridge  open. 
To  overcome  this  difficulty  the  bascule  pier  was  built  in 
the  form  of  a  watertight  box  into  which  the  counterweight 
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Fig.  2 — Plan  and  Elevation  of  Gasp6  Bridge. 
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Fig.  3 — Plan  and  Elevation  of  Sorel  Bridge. 


would  sink  and  which  would  also  house  the  operating 
machinery.  This  pier  was  given  an  architectural  treatment 
which  greatly  enhanced  the  appearance  of  the  bridge. 

At  Gaspe,  due  to  foundation  conditions,  through 
trusses  were  most  economical  for  the  approach  spans. 
Deck  plate  girders  with  a  curved  bottom  chord  were  used 
for  the  bascule  leaves.  The  counterweights  are  not  en- 
closed in  a  pit  as  they  normally  swing  clear  of  the  water; 
however,  they  do  not  detract  from  the  appearance  of  the 
bridge  as  they  are  largely  hidden  by  the  piers. 

At  Sorel,  the  approach  spans  are  deck  trusses,  while 
the  bascule  leaves  are  half-through  trusses  with  curved  top 
and  bottom  chords.  Deck  trusses  for  the  bascule  leaves 
would  have  been  more  desirable  from  an  aesthetic  point  of 
view,  but  could  not  be  uped  due  to  the  limited  space  be- 
tween the  navigation  clearance  line  with  the  span  down 
and  the  crown  of  roadway.  The  counterweights  are  in  the 
open  but  are  concealed  for  the  most  part  by  the  piers 
and  approach  trusses. 

The  arrangement  of  the  steel  framing  is  shown  in 
Figs.  4,  5  and  6  for  Norwood,  Gaspe  and  Sorel,  respectively. 
The  deck  in  all  cases  was  creosoted  wood  protected  by  an 
asphalt  plank  wearing  surface. 

The  design  of  the  floor  steel  for  a  bascule  span  is 
identical  with  that  of  an  ordinary  highway  span,  except 
that  provision  must  be  made  for  transferring  the  weight 
of  the  floor  to  the  trunnions  when  the  bridge  is  in  the  open 
position.  This  is  done  by  means  of  an  auxiliary  truss 
spanning  between  the  main  trusses  in  the  plane  of  the 
laterals. 

The  stress  calculations  for  the  design  of  the  main 
girders  or  trusses  in  this  type  of  bascule  are  not  involved. 
The  dead  weight  of  each  bascule  leaf  must  be  balanced 


in  all  positions  about  the  trunnions.  This  condition  is 
attained  by  so  locating  the  counterweight  that  the  centres 
of  gravity  of  the  forward  and  rear  arms  of  the  leaf  are  on 
a  straight  line  passing  through  the  axis  of  rotation.  The 
dead  load  stresses  are,  therefore,  figured  as  for  a  simple 
cantilever,  but  the  maximum  stresses  do  not  always  occur 
with  the  leaf  in  the  closed  position.  It  is  necessary  to 
investigate  the  stresses  for  several  positions  of  the  leaf. 

The  live  load  stresses,  in  a  single  leaf  bridge,  are  figured 
as  for  a  simple  span  with  a  length  equal  to  the  distance 
from  the  trunnion  to  the  rest  pier.  In  a  double  leaf  bridge 
the  stresses  in  each  leaf  due  to  live  loads  symmetrically 
placed  about  the  junction  of  the  leaves  are  figured  as  for 
a  simple  cantilever  supported  at  the  trunnion,  and  with 
the  uplift  at  the  tail  of  the  leaf  resisted  by  the  adjacent 
approach  span.  For  live  loads  which  are  unsymmetrically 
placed  about  the  junction  of  the  leaves,  the  stresses  are 
figured  as  for  a  cantilever  with  an  elastic  prop  at  its  outer 
end.  This  is  due  to  the  fact  that  shear  locks  are  provided 
between  the  ends  of  the  two  leaves  to  prevent  unequal 
deflections. 

Wind  stresses  with  the  bridge  open  are  figured  as  for 
a  cantilever  span.  The  two  cases  of  longitudinal  and 
transverse  wind  must  both  be  investigated.  The  wind 
stresses  in  a  single-leaf  span  when  closed  are  similar  to 
those  in  a  simple  span,  while  in  a  double-leaf  span  each 
leaf  is  treated  as  a  cantilever. 

The  maximum  resultant  stresses  are  obtained  for 
different  positions  of  the  span  by  summing  the  co-existing 
stresses.  The  allowable  unit  stresses  to  be  used  in  propor- 
tioning the  truss  members  to  resist  the  various  combinations 
of  stresses  are  laid  down  in  the  specification. 

The  design  of  the  trunnion  supports  usually  requires 
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more  ingenuity  than  the  remainder  of  the  bridge  as  it  is 
difficult  to  place  them  so  that  they  will  clear  the  bascule 
leaf  as  it  rotates.  Two  different  methods  of  supporting  the 
trunnions  are  used  in  these  bridges. 

At  Norwood,  each  trunnion  is  carried  by  two  bearings, 
one  on  each  side  of  the  girder  web.  At  Gaspe  and  Sorel 
the  trunnions  project  as  cantilevers  from  the  moving  leaf, 
and  each  trunnion  is  supported  by  a  single  bearing. 

At  Norwood,  the  outer  bearings  are  carried  on  columns 
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Fig.  4 — Steel  Framing  Plan,  Norwood. 


which  extend  to  the  floor  of  the  counterweight  pit  and 
which  are  braced  laterally  in  two  directions  to  its  walls 
as  shown  in  Fig.  7.  The  inner  bearings  are  carried  by 
trusses  which  span  the  counterweight  pit  and  rest  on  its 
front  and  rear  walls.  The  bottom  flanges  of  the  trusses 
are  shaped  to  clear  the  counterweight  when  the  span  is 
closed,  and  the  top  flanges  conform  to  the  grade  of  the 
roadway  because  these  trusses  also  carry  the  roadway 
framing  over  the  counterweight  pit.  This  allows  the  road- 
way break  to  be  located  ahead  of  the  trunnion 
and  obviates  a  gap  in  the  floor  when  the 
bridge  is  open.  Figure  8  shows  one  of  these 
trusses  in  position.  As  can  be  seen,  the  trun- 
nion is  located  about  midway  between  the 
chords  of  the  truss.  To  provide  a  seat  for 
the  trunnion  bearing  and  to  take  care  of  the 
local  bending  stresses  the  end  section  of 
each  truss  is  made  into  a  double  web  plate 
girder.  Openings  are  provided  in  these  webs 
to  clear  the  bearing  and  its  cap.  The  bearing 
is  seated  on  angle  stiffeners  riveted  to  these 
webs. 

The  load  is  transmitted  directly  to  the 
trunnion  from  the  main  girder  web,  which 
is  reinforced  to  take  care  of  the  heavy  stress 
concentrations  at  that  point.  A  cast  steel 
sleeve  is  used  to  increase  the  bearing  length 
on  the  trunnion.  This  sleeve  is  a  press  fit  in 
the  reinforced  girder  web  and  is  securely 
riveted  to  it.  The  trunnion  is  in  turn  a 
press  fit  in  the  sleeve  and  keyed  to  it  to 
prevent  rotation. 

At  Gaspe  and  Sorel  the  supports  for 
the  trunnion  bearings  are  braced  towers 
located  just  outside  the  main  girders.  The 
framing  of  these  towers  is  not  the  same  for 
the  two  bridges  because  of  differences  in 
the  size  and  shape  of  the  bascule  piers. 
Although  the  towers  are  finally  embedded 
for  about  half  their  height  in  the  mass  con- 
crete of  the  pier  in  both  cases,  the  steel  is 
designed  to  carry  all  the  vertical  and 
horizontal  loads  transmitted  to  them  during 
the  operation  of  the  bridge.  The  arrange- 
ment of  the  trunnions,  trunnion  bearings 
and  towers  are  shown  in  Figs.  5  and  6  for 
Gaspe  and  Sorel,  respectively. 

It  is  more  difficult  to  connect  the  trun- 
nions to  the  span  with  this  arrangement  than 
when  two  bearings  support  each  trunnion. 
In  the  latter  case,  no  bending  strength  is 
required  in  the  connection,  while  in  the 
former  the  connections  must  have  sufficient 
bending  strength  to  make  the  trunnions  and 
trunnion  strut  act  as  a  simple  beam  sup- 
ported at  its  ends  on  the  trunnion  bearings 
and  carrying  the  load  from  the  leaf  apphed 
in  the  planes  of  the  trusses. 

At  Gaspe,  a  box  strut  located  symmetri- 
cally about  the  axis  of  the  trunnions  is 
framed  between  the  main  girders.  Vertical 
diaphragms  are  provided  in  this  strut,  one 
about  3  feet  from  each  girder.  The  main 
girder  webs  and  these  diaphragms  provide 
the  loading  points  for  the  trunnions,  the 
webs  being  reinforced  to  give  sufficient 
bearing  area. 

At  Sorel  a  similar  trunnion  strut  is  used, 
but  due  to  the  greater  loads  to  be  carried  and 
to  the  fact  that  the  main  trusses  have  two 
webs,  certain  complications   arose   not   en- 
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Fig.  5 — Steel  Framing  Plan,  Gaspe. 


countered  at  Gaspe.  To  allow  the  trunnion  strut  to  be 
connected  to  the  trusses,  web  plates  are  used  instead  of 
web  members  for  a  distance  of  about  5  feet  on  either  side 
of  the  trunnion. 

In  the  first  sketches  made  of  the  detail  at  this  point, 
the  trunnion  strut  was  connected  by  angles  to  the  inner 
web  plates  of  each  truss.  Diaphragms  were  provided  be- 
tween the  two  webs  of  the  truss  in  Hne  with  the  end  con- 
nections of  the  strut  to  distribute  the  load  between  the 
webs.  Diaphragms  were  also  provided  in  the  strut  about 
5  feet  from  the  centre  line  of  each  truss  to  carry  the  inner 
end  of  the  trunnion.  The  trunnion  was  thus  loaded  by 
both  webs  of  the  truss.  Investigation  of  the  distribution 
of  the  load  on  the  trunnion,  considering  only  its  deflection 
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due  to  bending  and  shear,  showed  that  the  outer  webs  of 
the  trusses  delivered  the  greater  part  of  the  load.  The 
distribution  thus  determined  was  not  exact  as  it  would  be 
modified  by  the  elastic  deformation  of  the  web  plates 
themselves  and  it  was  impossible  to  evaluate  this  with 
any  degree  of  accuracy. 

Further  investigation  led  to  the  development  of  an- 
other detail  which  was  finally  adopted.  In  this  design  the 
inner  web  plate  of  each  truss  is  cut  out  to  clear  the  trunnion 
strut  which  extends  through  and  connects  directly  to  the 
outer  webs.  Connection  angles  are  provided  on  the  four 
sides  of  the  strut  to  connect  to  the  inner  webs  of  the 
trusses.  The  diaphragms  are  placed  at  about  the  same 
points  in  the  struts  as  in  the  earlier  design.    With  this 
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Fig.  6 — Steel  Framing  Plan,  Sorel 


detail  each  trunnion  is  only  loaded  at  two  points,  i.e.,  at 
the  outer  truss  web  and  at  the  diaphragm.  This  gives  a 
satisfactory  and  determinate  distribution  of  the  load  on 
the  trunnion,  which  is  a  theoretical  advantage. 

The  elimination  of  the  inner  web  plate  in  the  area  of 
the  trunnion  strut  was  also  a  great  advantage  from  the 
fabrication  point  of  view.  It  made  a  much  simpler  and  a 
much  better  detail  to  fabricate.  In  the  original  detail  the 
necessary  diaphragms  between  the  two  webs  in  this  area 
left  very  cramped  spaces  in  which  to  do  the  final  assembly 
and  riveting. 

To  avoid  excessive  wear  on  the  trunnion  bearing  and 
to  ensure  easy  operation  of  the  ))ndge,  it  is  essential  that 
the  trunnions  have  a  uniform  bearing  on  their  journals. 
To  ensure  this,  it  was  decided  to  limit  the  slope  of  the 
trunnions  to  .010  inches  in  the  length  of  its  bearing  under 
maximum  load  conditions,  neglecting  the  relief  due  to  com- 
pressibility of  the  bearings  themselves.  This  was  done  by 
increasing  the  size  of  the  trunnion  and  trunnion  strut  over 
that  recjuired  for  the  figured  stresses.  This  increase  in  size 
of  the  strut  is  such  that  the  figured  stress  in  it  is  only 
about  4,000  pounds  per  square  inch. 


The  necessity  of  maintaining  a  reasonable  slope  of  the 
trunnion  in  its  bearing  is  one  of  the  limiting  features  of 
this  arrangement  of  trunnion  supports.  As  the  weight  of 
the  leaf  increases  it  is  more  and  more  difficult  to  de.sign 
a  stiff  enough  trunnion  strut.  There  is  an  alternative,  i.e., 
to  tilt  the  trunnion  bearing  to  the  theoretical  slope  of  the 
trunnion.  This  would  require  very  accurate  workmanship 
in  shop  and  field,  and  as  far  as  the  authors  know  this 
method  has  never  been  used. 

Mechanical  Equipment 

All  three  bridges  are  electrically  operated  with  provi- 
sion for  handpower  operation  in  case  of  electric  power 
failure.  In  each  case  the  torque  is  applied  to  the  leaf 
through  racks  and  pinions.  At  Norwood  the  pinion  is  on 
the  leaf  and  rotates  with  it,  while  at  Gaspe  and  Sorel  the 
pinions  are  fixed  and  the  racks  are  attached  to  the  moving 
leaves.  The  machinery  was  designed  so  that  it  could  be 
shop  assembled  in  units  on  suitable  structural  frames. 
These  were,  where  possible,  directly  connected  to  the 
bridge  frame  to  facilitate  the  Hning  up  of  the  mechanical 
equipment  in  the  field. 
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All  trunnions  and  large  shafts  were  forged.  All  castings 
were  steel  and  all  gear  teeth,  including  those  on  the  racks, 
were  cut.  On  similar  structures  in  the  future,  due  to  the 
rapid  strides  that  have  been  made  in  welding  technique, 
castings  would  be  largely  replaced  by  welded  units. 


up  in  the  field.  The  rack  was  assembled  in  the  shop  to 
a  structural  frame  which  was  embedded  in  the  back  wall 
of  the  bascul(!  pier.  This  frame  was  provided  with  levelling 
screws  and  anchors  so  that  it  could  be  brought  to  and  held 
in  its  proper  position  in  relation  to  the  trunnion  while 
concrete  was  poured  around  it. 

Auxiliary  mechanical  ('(juipmeut  consists  of:  hand 
operated  span  locks  of  the  sliding  bar  type;  two  air  buffers 
attached  to  the  toe  of  the  bascul(>;  and  a  (^entering  device 
to  centi-e  the  span  when  seating  and  to  take  the  wind 
reaction  with  the  span  down.  As  it  was  not  expected  that 
the  bridge  would  be  frequently  operated,  interlocks  between 


Fig.  7 — Trunnion  Bearing  Post,  Norwood. 

Figure  4  shows  the  arrangement  of  the  operating 
machinery  at  Norwood.  A  single  pinion  and  rack  on  the 
centre  line  of  the  bridge  operates  the  span.  The  motor, 
brake  and  gear  reduction,  located  in  the  machinery  house, 
were  assembled  in  the  shop  on  a  structural  base  and  were 
shipped  as  a  unit.  The  operating  pinion  with  its  gear 
train  was  also  assembled  and  shipped  as  a  unit.    This  unit 

was   connected  in  the  field   to   the   counterweight   truss,      the  span  locks  and  the  operating  machinery,  and  highway 
The  connecting  shafts  with  their  bevel  gears  were  lined     gates,  were  omitted. 


Fig.  8 — Trunnion  Truss  at  Norwood. 


Fig,  9 — Operating  Machinery  at  Gaspe. 
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Fig.  10— Arrangement  of  Tail  Locks  at  Gaspe. 


Figure  9  shows  the  arrangement  of  the  operating 
machinery  at  Gaspe.  Each  leaf  is  operated  by  two  pinions 
and  racks.  The  racks  are  attached  to  the  bottom  flanges 
of  the  girders  over  the  piers.  The  operating  machinery  was 
assembled  in  the  shop  into  two  units:  the  first,  consisting 
of  the  motor,  brake  and  gear  reduction  unit;  the  second, 
of  the  equahzer  unit,  the  main  operating  shafts  with  their 
bearings  and  the  main  pinions.  The  first  unit  is  located 
in  the  machinery  house  and  is  connected  to  the  second  by 
an  operating  shaft  which  carries  the  pinion  of  the  equahzing 
unit.  The  second  unit  was  assembled  on  a  box  girder  which 
was  designed  to  be  anchored  to,  and  built  into  the  pier 
after  the  main  pinions  were  hned  up. 

The  auxihary  mechanical  equipment  consists  of  man- 
ually operated  shear-locks  at  the  junction  of  the  leaves, 
manually  operated  tail-locks  at  one  end  of  one  leaf  to 
resist  the  reaction  from  live  load  on  the  portions  of  the 
bascule  roadway  behind  the  trunnions,  and  motor  operated 
highway  gates  of  the  ordinary  railroad  crossing  type. 
Figure  10  shows  the  arrangement  of  the  tail-locks.  Elec- 
trical interlocks  are  provided  between  the  span  locks,  high- 
way gates  and  operating  machinery,  to  ensure  that  all 
operations  are  carried  out  in  the  proper  sequence. 

Figure  11  shows  the  arrangement  of  the  operating 
niachinery  at  Sorel.  The  arrangement  of  the  operating 
pinions  and  racks  is  similar  to  that  at  Gaspe.  The  machin- 
ery was  assembled  in  two  units  as  at  Gaspe,  but  the  box 
girder  carrying  the  equahzer,  etc.,  was  framed  between  the 
towers  carrying  the  main  trunnions.  This  allowed  the 
main  pinions  to  be  lined  up  from  the  trunnion  bearings 
in  the  shop  and  greatly  reduced  the  time  required  for 
lining  up  in  the  field.  This  girder  was  also  anchored  to 
the  pier  and  concreted  in. 

The  auxiliary  mechanical  equipment  consists  of  motor 
driven  shear  locks  at  the  junction  of  the  leaves;  motor 
driven  tail-locks;  air  buffers;  and  motor  driven  highway 
gates  of  the  horizontal  swinging  type.  Figure  12  shows 
the  arrangement  of  the  tail-locks  and  air  buffers.  Figure 
13  shows  the  shear  locks  at  the  junction  of  the  leaves. 
These  are  designed  to  line  up  the  ends  of  the  two  leaves 
vertically  if  unequal  deflections  occur  due  to  temperature 


differences.  Air  buffers  were  used  as  they  were  considered 
essential  with  a  span  of  this  weight  to  allow  of  closing  it 
without  imposing  an  excessive  impact  on  the  approach 
spans.  They  were  not  provided  at  Gaspe,  as  the  mass  of 
the  moving  leaf  was  relatively  small. 

Figure  14  shows  the  arrangement  of  the  highway  gates. 
This  design  is  original  and  patents  have  been  apphed  for. 
The  gate,  which  is  mounted  on  a  vertical  trunnion  at  the 
curb,  is  built  of  structural  steel  and  is  substantial  enough 
to  withstand,  without  damage,  a  moderate  blow  from  a 
car.  The  trunnion,  carried  in  a  bearing  attached  to  the 
floor  steel,  has  a  bullwheel  rigidly  attached  to  it  under- 
neath the  floor  slab.  The  gate  is  operated  by  means  of  a 
rope  drive  on  this  bullwheel.  The  operating  mechanism, 
consisting  of  a  motor,  gear  train  and  operating  drum,  is 
housed  in  a  steel  cabinet  on  the  sidewalk.  The  operating 
rope  between  the  drum  and  the  bullwheel  passes  under  a 
sheave  mounted  on  a  vertically  guided  counterweight  which 
during  normal  operation  of  the  gate  rests  on  a  bracket 
and  has  no  function  to  perform.  If,  however,  the  gate  is 
struck  by  a  vehicle  when  in  the  closed  position  it  swings 
open  under  the  blow  and  the  counterweight  is  lifted  from 
its  support,  thus  protecting  the  operating  machinery  from 
damage.  As  the  vehicle  backs  away  from  the  gate  the 
counterweight  brings  it  back  to  the  closed  position 
and  the  gate  is  immediately  ready  for  normal  operation. 

Electrical  interlocks  are  provided  between  the  operat- 
ing machinery,  span  locks  and  highway  gates.  A  mechan- 
ical interlock  is  also  provided  between  the  tail-locks  and 
highway  gates. 

Due  to  the  modern  practice  of  using  cut  teeth  for  all 
gears  and  the  high  degree  of  accuracy  attained  by  modern 
shop  methods,  the  question  arises  whether  it  is  necessary 
to  provide  an  equalizing  unit  between  the  main  pinions 
as  was  done  in  these  bridges.  From  an  examination  of  the 
units  at  Sorel,  it  appears  that  no  movement  whatever  has 
occurred  in  them.  Their  omission  would  result  in  con- 
siderable economy  and  the  authors  feel  it  is  a  question 
well  worth  the  consideration  of  all  those  interested  in 
movable  bridge  construction. 
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Electrical  Equipment 

At  all  three  bridges  the  main  power  supply  is  550 
volts,  3-phase,  60-cyole;  110-volt  power  is  used  for  the 
lighting  and  the  control  circuits  in  all  cases. 

At  Norwood  a  60-h.p.  at  720  r.p.m.  slip  ring,  wound 
rotor  induction  motor  is  used  for  operating  the  bascule 
span.  It  is  capable  of  opening  the  bridge  in  three  minutes 
under  normal  conditions,  or  six  minutes  with  ice  load.  A 
service  and  an  emergency  brake,  both  thrustor  operated, 
are  provided.  The  service  brake  is  mounted  on  the  motor 
shaft,  while  the  emergency  brake  is  mounted  on  one  of 
the  operating  shafts.  The  bridge  is  operated  from  a  con- 
trol desk  at  the  sidewalk  level.  Control  is  through  a  semi- 
magnetic  control  panel  located  in  the  machinery  room.  A 
cam  type  rotating  limit  switch  is  mounted  in  the  machinery 
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Fig.  11 — Operating  Machinery  at  Sorel. 


house  which  cuts  off  the  power  and  operates  the  various 
indicating  lights.  Two  rotating  cam  type  limit  switches 
are  also  connected  to  the  end  locks.  They  are  mounted 
in  series  and  are  dosed  only  when  the  locks  arc  fully  with- 
drawn. A  plunger  type  limit  switch  is  attached  to  the 
end  of  the  span  and  operates  the  "fully  dosed"  indicating 
light  on  the  operating  desk. 

At  CJaspe,  each  leaf  is  operated  by  an  11-h.p.  at  720 
r.p.m.  wound  rotor  motor,  which  can  open  it  in  one  and  a 
half  minutes  under  normal  conditions  or  three  minutes  with 
ice  load.  The  highway  gates  are  operated  by  four  )4-h.p. 
at  1,200  r.p.m.  squirrel  cage  motors.  Solenoid  brakes  are 
mounted  on  all  motor  shafts.  The  main  power  supply  is 
obtained  from  a  gasoline  driven  generator  located  on  one 
floor  of  the  machinery  house.  The  gasoline  engine  is  a 
130-h.p.  at  1,200  r.p.m.  and  is  connected  by  a 
V-belt  drive  to  a  93-kv.a.,  550-volt,  60-cycle, 
3-phase  alternator.  550-volt  power,  in  case  of 
failure  of  the  gasoline  engine,  and  110-volt  power 
for  the  lights  and  control  system  at  all  times, 
are  obtained  from  the  local  supply. 

The  generator,  control  panels,  and  operator's 
desk  are  located  over  the  machinery  house  on 
the  main  pier  on  the  Gaspe  side.  Power  and 
control  circuits  are  carried  across  the  channel 
in  submarine  cables.  These  cables  are  buried 
five  feet  in  the  bottom  of  the  river  and  are 
brought  up  the  piers  through  pipes  provided 
when  they  were  built.  The  operator's  desk,  on 
which  all  switches  and  indicating  lights  together 
with  a  voltmeter  and  ammeter  are  mounted,  is 
located  in  a  house  which  is  at  deck  level  and 
from  which  the  operator  has  a  clear  view  of 
the  whole  bridge.  The  main  incoming  hne  switch 
is  also  mounted  in  this  house.  On  the  floor 
immediately  below  the  operator's  house  the 
gasoline  driven  generator  is  located.  The  control 
panels  and  resistors  are  placed  in  the  machinery 
house. 

At  Sorel,  each  leaf  is  operated  by  two 
20-h.p.  at  720-r.p.m.  wound  rotor  motors,  which 
open  it  in  two  and  a  half  minutes  under  normal 
conditions,  or  five  minutes  with  ice  load.  The 
end  )ocks  "and  centre  locks  are  operated  by  four 
3-h.p.  at  720-r.p.m.  squirrel  cage  motors.  The 
roadway  gates  are  operated  by  four  1-h.p.  at 
900  r.p.m.,  five  minute  rated,  totally  enclosed 
motors.  Solenoid  brakes  are  provided  on  all 
motors,  and  in  addition  an  emergency  thrustor 
operated  brake  is  provided  for  each  leaf.  All 
motors  are  controlled  by  semi-magnetic  control 
equipment  installed  on  the  Sorel  side  of  the 
channel.  The  primary  and  secondary  leads  of 
the  far  side  leaf  motors,  end  lock  motors,  and 
gate  motors,  together  with  the  leads  for  limit 
switches  and  lights,  are  brought  across  the 
channel  in  six  submarine  cables  located  down- 
stream from  the  bridge.  The  cables  are  brought 
up  to  the  machinery  houses  through  pipes  placed 
in  the  piers  when  they  were  built. 

To  house  the  control  panels,  resistors  and 
operator's  desk  a  two-storey  brick  house  was 
built  on  the  downstream  end  of  the  main  bascule 
pier  immediately  over  the  machinery  house  on 
the  Sorel  side.  The  operator's  desk  and  in- 
coming line  switch  are  located  in  the  upper 
storey  from  which  the  operator  has  a  clear  view 
of  all  points  on  the  bridge.  The  controls  for  all 
operations  are  mounted  on  the  operator's  desk. 
Thev  consist  of  two   drum   controllers  for  the 
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main  motors;  four  reversing  drum  switches  for  the  end 
lock  and  centre  lock  motors;  four  reversing  switches  for 
the  roadway  gates;  a  switch  for  the  bell  circuit;  eighteen 
indicating  lights;  seven  tumbler  switches  for  emergency 
brakes;  a  voltmeter;  an  ammeter;  and  two  reduced  torque 
push  button  stations. 

The  lower  floor  of  the  house  contains  the  two  control 
panels  upon  which  are  mounted  the  necessary  switches, 
contactors,  overload  relays,  undervoltage  contactors  nec- 
essary for  all  the  motors,  light'ng  and  control  circuits  on 
the  bridge.  The  necessary  resistors  are  also  located  in  this 
room. 

Limit  switches  are  provided  on  all  motors,  which 
operate  lights  on  the  operator's  desk  in  such  a  way  that 
he  knows  at  all  times  the  position  of  the  bridge.  Provision 
is  also  made  to  cut  the  power  supply  off  from  the  main 
motors  when  the  bridge  is  7  degrees  from  both  the  fully 
closed  and  open  positions.  From  that  point  the  movement 
of  the  bridge  must  be  completed  by  the  operator  by- 
passing the  limit  switch.  When  the  switch  is  by-passed 
only  a  reduced  tonjue  is  availabk;  at  the  motors  which 
ensures  easy  closing  of  the  bridge. 


Arrangement  of  Tail  Locks  and  Air  Buffers 
at  Sorel. 


The  shop  methods  used  in  the  fabrication  of 
the  structural  portion  of  these  bridges  did  not  differ 
from  those  used  on  fixed  spans  of  the  same  size, 
except  that  a  greater  degree  of  accuracy  was  re- 
quired, and  that  a  certain  amount  of  boring  and 
mechanical  fitting  was  necessary  on  some  members. 
The  manufacture  of  the  mechanical  equipment  also 
'~'^'^  did  not  present  any  unusual  features  except  that 
some  of  the  cut  gears  were  larger  than  those  usually  em- 
ployed. Shop  assembly  of  the  mechanical  equipment  to  the 
structural  portions  of  the  spans  was  carried  further  than  on 
any  previous  bridge.  This  was  particularly  the  case  at 
Sorel  and  the  results  obtained  in  the  field  fully  justify 
the  adoption  of  similar  methods  in  the  future.  The  erec- 
tion of  the  mechanical  equipment  was  expedited,  and  the 
operation  of  the  bridge  was  improved. 

At  Norwood,  the  main  girders  were  each  118  feet  long, 
13  feet  deep  at  the  tail  end  and  weighed  56  tons.  Ordinarily 
girders  of  this  size  cannot  be  shipped  by  rail  in  one  piece, 
but  in  this  case  it  was  possible  due  to  the  short  haul  from 
the  shop  to  the  site.  These  girders  were  also  heavier  than 
the  normal  capacity  of  the  shop  cranes,  but  by  careful 
planning  both  girders  were  fabricated  and  handled  without 
imdue  difficulty. 

The  first  operation  in  their  construction  was  to  assemble 
and  rivet  together  the  web  and  reinforcing  plates  forming 
the  section  of  the  girder  around  the  trunnion.  The  30-inch 
diameter  hole  for  the  trunnion  sleeve  was  then  bored  in 
these  plates  after  which  the  sleeve  with  the  24-inch  diam- 
eter trunnion  in  place  was  assembled  in  position,  the  con- 
necting holes  reamed,  and  the  rivets  driven.  The  next 
operation  was  to  assemble  and  bolt  up  the  whole  girder 
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after  which  it  was  carefully  lined  up  l)y  transit  and  levelled 
so  that  the  trunnion  was  at  right  angles  to  the  girder  web. 
All  holes  were  then  reamed  and  the  rivets  driven.  The 
girders  were  turned  into  the  vertical  position  and  loaded 
for  shipment. 

At  Gaspe,  the  main  girders  were  asseml)le(l  and  I'iveted 
in  the  usual  way  without  accurately  locating  the  hole  for 
the  trunnion.  The  two  girders  of  each  leaf  were  then  shop- 
assembled  into  a  unit;  with  the  trunnion  strut  antl  counter- 
weight strut  in  place,  also  sufficient  floorbeams  and  bracing 
to  give  a  rigid  structure.  The  main  connections  were  then 
reamed.  The  location  of  the  holes  for  the  trunnions  in  the 
webs  of  the  girders,  and  in  the  trunnion  strut  diaphragms, 
was  next  carefully  determined  by  means  of  transit  and 
level.  The  leaf  was  dismantled  and  the  holes  bored  for 
the  trunnions  on  a  horizontal  boring  mill.  The  two  holes 
for  each  trunnion  were  bored  in  one  setup  on  the  machine 
as  the  trunnion  strut  was  spliced  at  two  points,  with  the 
portions  containing  the  diaphragms  shop  riveted  to  the 
girders.  The  trunnions  were  next  driven  into  position  in 
the  girders.  The  racks  were  then  placed  in  position  on  the 
lower  flange  of  each  girder  and  after  being  centered  about 
the  trunnions  were  shop  riveted  in  place.  The  equalizer 
unit  and  bearings  for  the  main  pinions  were  also  shop 
assembled  to  the  machinery  girder  and  shipped  in  place 
on  it.  This  girder  was  not  connected  to  the  trunnion 
bents  so  that  it  could  not  be  lined  up  in  the  shop  to  the 
trunnion  bearings. 

The  location  of  Sorel  bridge  was  such  that  barge  ship- 
ment direct  from  the  shop  to  the  site  was  most  economical. 
This  allowed  the  shipment  of  pieces  of  lai-ger  overall 
dimensions  than  could  be  sent  by  rail.  As  a  result  each 
leaf  was  shipped  in  sections,  the  largest  of  which  consisted 
of  a  trunnion  strut,  two  trunnion  pins  and  the  plated 
portion  of  two  trusses  adjacent  to  the  trunnion.  Each  of 
these  sections  weighed  51  tons. 

The  various  truss  members  were  fabricated  in  the  usual 
way  after  which  each  truss,  except  for  the  section  at  the 
trunnion,  was  assembled  in  the  shop  on  the  flat  and  care- 
fully lined  up  by  transit  to  its  cambered  shape.  AH  joints 
were  reamed  and  certain  ones  riveted  before  shipment. 
To  take  the  place  of  the  plated  section  at  the  trunnion 
during  assembly,  a  skeleton  section  was  built  which  had 
connection  holes  for  adjacent  members  accurately  located 
from  the  sections  it  replaced. 

The  plated  sections  at  the  trunnions  after  being  com- 
pleted were  assembled  to  the  ends  of  the  trunnion  struts, 
lined  up  and  the  connections  reamed  and  riveted.  The 
centres  of  the  trunnion  pin  holes  were  then  carefully 
located,  by  means  of  a  level  and  a  piano  wire,  on  each 
of  the  four  webs  through  which  the  trunnions  passed. 
Each  section  was  next  placed  in  the  boring  mill  and  the 
holes  bored.  The  bar  of  the  boring  mill  was  only  long 
enough  to  bore  the  hole  through  the  two  webs  at  one  end 
of  the  section,  so  that  to  complete  the  boring  the  piece 
was  rotated  about  a  vertical  axis  through  180  degrees. 
After  boring  was  completed  the  holes  were  carefully  checked 
for  line  and  were  found  to  be  within  a  few  thousandths  of 
being  in  exact  alignment.  The  trunnion  pins  were  not 
finished  turned  until  after  the  holes  were  bored  so  that 
any  inaccuracies  in  the  actual  size  of  the  holes  could  be 
compensated  for  in  the  diameter  of  the  pins.  After  turn 
ing,  the  pins  were  driven  into  position  with  a  heavy  ram. 
They  are  held  in  place  by  keys  and  a  nut  on  the  inner 
end.  The  racks  were  next  assembled  in  position  and  lined 
up  from  the  trunnions. 

As  can  be  seen  from  Fig.  6,  the  trunnion  towers  are 
three-post  triangular  structures.  They  were  completely 
assembled  in  the  shop  and  shipped  in  one  piece.  A  shop 
splice  was  provided  in  the  two  main  legs  of  each  tower, 
to  permit  of  the  shop  assembly  of  the  machinery  girder 


on  the  towers,  since  the  clearance  undo  the  available 
cranes  was  not  sufficient  to  allow  of  erection  of  the  com- 
plete towers.  The  two  main  i)osts  witli  their  bracing  in 
the  plane  parallel  to  the  centre  line  of  the  biidge  wei'e  fii'st 
assembled  and  rivetetl  except  for  the  shop  spHce  which 
was  reamed.  The  top  sections  of  the  two  "A"  frames  for 
each  piei'  were  then  set  up  with  theii-  connecting  machinery 
girder.  The  trunnion  l)earings,  ('(lualizer  unit,  lack  pinion 
bearings,  operating  shafts  and  rack  [)inions  were  next  set 
in  position  and  carefully  lined  up  to  their  correct  positions. 
The  holes  for  the  holding-down  bolts  for  the  units  on  the 
machinery  girder  were  reamed  and  the  bolts  placed.  Il 
was  originally  intended  also  to  ream  the  holes  and  j)lacc 
the  holding-down  bolts  for  the  trunnion  bearings,  l)nt  it 
was  later  decided  to  leave  them  to  l>e  reamed  in  the  field 
in  case  any  twist  should  occur  in  the  bents  due  to  handling 
or  riveting.  The  trunnion  bearings  were,  thei'efoic,  held 
in  place  for  shipment  l)y  tack  welding.  The  machinery 
girder  was  removed  from  the  tower  with  the  machineiy 
m  place  and  was  shipped  in  that  condition.  The  towers 
were  then  assembled,  riveted  up,  and  shipped  in  one  piece. 
Figure  15  shows  the  assembly  of  the  trunnion  bents  with 
the  machinery  girders  in  the  shop. 

To  facilitate  the  work  in  the  field,  it  is  essential  that 
accurate  centi'e  lines  be  estal)lished  in  the  shop  on  those 
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Fig.  13 — Arrangement  of  Shear  Locks  at  Junction  of  Leaves  at 

Sorel. 


portions  of  the  structure  which  are  fii-st  placed  and  on  the 
accurate  location  of  which  depends  the  alignment  of  the 
whole  structure.  To  do  this,  it  is  necessary  to  plan  the 
erection  procedure  in  advance  so  that  the  centre  lines 
established  in  the  shop  are  in  suitable  locations  for  use 
in  the  field.  At  Sorel,  the  erection  procedure  was  established 
before  the  detail  drawings  were  issued  to  the  shop  and  the 
latter  carried  full  instructions  as  to  the  points  where  centre 
lines  were  to   be  established   on    the   trunnion   l)ents  and 
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machinery  girders.  These  Unes  were  carefully  laid  out  and 
clearly  marked  on  the  steel  while  the  trunnion  bents  were 
assembled. 

The  remainder  of  the  fabrication  of  the  bridge  did  not 
present  any  unusual  features. 

Erection 

The  method  of  erection  adopted  for  any  bridge  is  not 
standard  for  all  bridges  of  that  type.  It  varies  greatly  due 
to  differences  in  conditions  at  the  site,  the  weight  and 
size  of  pieces  to  be  handled,  and  the  equipment  the  con- 
tractor has  available.  Since  no  standard  method  can  be 
laid  down,  it  is  essential  for  economical  erection  that  each 
job  be  carefully  planned  in  the  office  before  erection  com- 
mences and  that  sufficient  drawings  be  prepared  to  show 
the  arrangement  of  the  equipment  to  be  used  and  outline 
the  sequence  of,  at  least,  the  major  operations. 

The  erection  of  these  three  bridges  present  examples 
of  several  of  the  methods,  and  of  some  of  the  different 
kinds  of  equipment  that  are  used  in  bridge  erection. 

Norwood  Street 

At  Norwood  conditions  at  the  site  favoured  the  use 
of  locomotive  cranes,  as  a  railroad  line  was  situated  close 
to  the  south  end  of  the  bridge.  Also,  the  cranes  were 
available  at  Winnipeg,  and  the  bridge  as  designed  was 
strong  enough  to  carry  them.  As  locomotive  cranes  can 
only  handle  heavy  loads  at  a  short  radius,  it  was  necessary 
to  provide  a  track  which  would  bring  them  close  to  their 


Fig.  15 — Assembly  of  Machinery  Girder  and  Bents. 

loads.  A  pile  trestle  carrying  a  standard  gauge  track  was, 
therefore,  built  across  the  gap  on  the  centre  line  of  the 
bridge.  The  bridge  stringers  were  used  to  span  between 
the  pile  bents  and  were  placed  at  their  correct  elevation 
so  that  they  could  be  connected  to  the  floorbeams  as  the 
latter  were  placed,  and  thus  release  the  piles  for  re-use. 
Sufficient  piles  were  supplied  for  a  trestle  under  three 
spans. 

The  first  pieces  erected  on  the  bascule  span  were  the 
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Fig.  14^Arrangenient  of  Highway  Gates  at  Sorel. 
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trunnion  posts.  They  were  set  in  position  and  shimmed 
so  that  the  trunnion  bearings  were  in  perfect  aUgnment. 
Figure  7  shows  the  downstream  post  in  final  position. 

The  main  girders  were  next  erected.  Each  girder  was 
run  out  on  two  flat-cars  between  two  locomotive  cranes, 
as  shown  in  Fig.  16.  When  the  girder  reached  its  proper 
position,  it  was  lifted  by  the  two  cranes  and  landed  on  the 
piers  about  8  feet  6  inches  from  the  centre  line  of  the 
bridge.  The  flat  cars  were  then  removed,  and  the  track 
on  the  approach  span  next  to  the  tail  of  the  girder  was 
swung  out  so  that  the  crane  could  lift  that  end  of  the 
girder  into  its  final  position.  The  toe  end  was  moved  out 
on  rollers.  The  tail  end  was  lowered  into  the  slot  in  the 
bascule  pier  wall  until  it  rested  on  a  temporary  timber 
bent  erected  in  the  counterweight  pit.  This  held  the 
girder  slightly  above  its  final  elevation.  The  trunnion 
trusses  with  the  inside  trunnion  l)earings  were  next  placed. 

The  next  operation  was  the  lining  up  of  the  two  main 
trunnions  and  the  connecting  up  of  the  counterweight  and 
bracing  to  the  main  girders.  A  piano  wire  was  stretched 
through  the  holes  provided  in  the  trunnions  and  was  used 
to  line  them  up.  The  girders  were  jacked  to  their  correct 
position  longitudinally  and  laterally,  and  to  an  elevation 
such  that  the  two  trunnion  pins  were  }/i  inch  above  their 
theoretical  position.  The  counterweight  strut  was  then 
erected  and  connected  to  the  girders,  care  being  taken  to 
maintain  the  girders  in  position.  The  bearings  on  the 
trunnion  posts  were  now  shimmed  up  until  there  was  J^ 
inch  clearance  between  the  bearings  and  the  trunnions, 
while  the  inside  bearings  were  brought  up  to  within  J4^ 
inch  of  them.  The  outer  bearings  were  left  }/^  inch  high 
to  allow  for  the  fact  that  the  posts  would  deform  more 
than  the  trusses  under  the  load  of  the  span.  The  strut 
connecting  the  trunnion  trusses  was  next  connected  up 
and  the  main  girders  were  jacked  down  until  the  full  load 
came  on  the  trunnion  bearings.  The  alignment  of  the 
trunnions  was  again  carefully  checked,  due  allowance  being 
made  for  the  deformation  of  the  columns  which  would 
occur  when  the  full  dead  load  of  the  span  was  in  place. 

The  rack,  shipped  in  one  piece  assembled  on  a  structural 
frame,  was  next  placed  in  position  and  centered  with  refer- 
ence to  the  trunnions.    Anchors  and  adjusting  screws  held 


Fig.  16 — Erection  of  Bascule  Girder  at  Norwood. 

it  rigidly  in  position  while  the  frame  was  concreted  in. 
Dowels  had  been  left  projecting  from  the  pier  to  provide 
a  bond  between  this  concrete  and  the  pier. 

The  locomotive  cranes  completed  the  erection  of  the 
floor  steel,  machinery  units  and  flooring,  while  at  the  same 
time  the  forms  were  built  for  the  counterweight  and  the 
concrete  poured.  It  was  possible  to  do  all  this  work  with 
the  span  in  the  closed  position,  which  greatly  simplified 
all  the  erection  problems. 

The  bridge  was  completed  and  formally  opened  on 
November  19th,  1931.    Figure  17  shows  the  finished  bridge. 


Gas-pc 

At  Gasp6,  some  of  the  factors  governing  the  method 
of  (Mcction  to  be  adopted  were: — 

(a)  The  river  had  a  maximum  depth  of  50  feet  and 
the  bottom  was  covered  with  a  thick  soft  layer  of 
mud  which  gave  little  support  for  piles. 


Fig.  17 — Completed  Norwood  Street  Bridge. 

The  weight  of  the  heaviest  piece  to  be  handled 

was  only  14  tons. 

The  span  as  designed  could  only  carry  relatively 

light  erection  equipment. 

Erection  had  to  proceed  from  botii  ends  as  the 

bascule  had  to  be  erected  in  the  open  position. 

All  material  coming  in  by  rail  or  boat  arrived  on 

the  south  shore  of  the  river. 
After  considering  all  the  factors  involved,  it  was  decided 
to  erect  the  fixed  spans  one  at  a  time  on  falsework  at  a 
suitable   location   and   then    float   them   into   position   on 
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Fig.  18 — Placing  Trunnion  Towers  at  Sorel. 

scows,  using  the  tide  to  lift  the  spans  off  the  falsework 
onto  the  scows  and  again  to  lower  them  into  position  on 
the  piers.  The  steel  was  erected  on  the  falsework  with  a 
light  traveller  which  consisted  of  a  5-ton  stiffleg  traveller 
mounted  on  a  wooden  base,  together  with  the  hoisting 
engine.  The  falsework  was  actually  located  between  the 
al)utment  and  pier  No.  1,  and  the  fixed  spans  were  erected 
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in  order  starting  from  the  opposite  end,  so  that  the  last 
span  was  erected  in  its  proper  location. 

The  trunnion  towers  were  the  first  portion  of  the 
bascule  span  to  l)e  erected.  As  soon  as  the  first  Imsculo 
pier  was  completed  to  the  elevation  of  their  base,  the 
toweis  wer(>  placed  by  a  floatin<!;  deriiek.  The  piers  had 
been  ])ush  hammered  to  exact  elevation  over  the  area 
required  for  the  base  plates.  The  towers  were  then  lined 
up  and  anchoi'ed.    The  pier  was  next  completed  up  to  the 


Fig.  19 — Placing  Trunnion  Strut  at  Sorel. 

elevation  of  the  machinery  house  flooi',  after  which  the 
trunnion  bearings  were  placed  in  position,  lined  up,  and 
bolted  to  the  trunnion  towers.  Shims  were  required  to 
bring  the  bearings  to  correct  elevation  and  the  holes  also 
had  to  be  reamed  for  the  connecting  bolts.  This  gave  a 
perfectly  satisfactory  job,  but  it  was  a  slow  and  expensive 
operation  to  cai'iy  out  in  the  field. 


Fig.  20     Erecting  Bascule  Leaf  at  Sorel. 

As  soon  as  the  trunnion  bearings  were  located  the 
machinery  girder  with  the  rack  pinions,  equalizer,  etc., 
shop  assembled  to  them,  it  was  placed  in  position  and  the 
rack  pinions  lined  up  from  the  bearings.  After  this  was 
done,  the  machinery  girder  was  anchored  in  place  and 
concrete  was  poured  aroimd  it. 


After  one  of  the  fixed  spans  adjacent  to  the  bascule 
was  floated  in,  a  12-ton  stiffleg  derrick  was  set  up  at  its 
outer  end  and  the  steel  was  brought  out  to  it  on  scows. 
The  derrick  then  elected  one  leaf  of  the  bascule.  The 
girders,  each  of  which  had  l)een  shipped  in  one  piece  with 
the  trunnions  in  place,  were  fiist  erected.  The  girders 
were  supported  ))y  the  trunnions  which  rested  in  their 
l)earings  and  also  by  blocking  on  the  pier  under  their  ends. 
To  ensure  the  channel  opening  being  maintained,  the  front 
ends  of  the  girders  were  tied  back  temporarily  to  the  fixed 
span.  The  trunnion  and  counterweight  struts  were  then 
erected  and  connected  up,  after  which  the  floor  steel  and 
bracing  was  placed.  Before  riveting  was  commenced  the 
two  girders  were  carefully  lined  up. 

When  the  erection  of  the  steel  in  the  leaf  was  com- 
pleted, the  forms  for  the  counterweight  were  built,  the 
reinforcing  steel  placed  and  the  concrete  poured.  While 
this  was  being  done  the  machinery  was  placed  in  the 
machinery  house  and  lined  up.  The  derrick  was  then 
dismantled  and  transfei-red  across  the  channel  where  it 
erected  the  other  leaf  in  the  same  way. 

As  soon  as  the  counterweight  was  poured,  the  road- 
way planking  and  the  asphalt  plank  wearing  surface  were 
laid.  The  wooden  floor  was  placed  with  the  leaves  in  the 
open  ])osition,  bat  the  asphalt  plank  had  to  be  placed 
with  the  l)iidge  closed. 

The  contract  called  for  the  erection  of  the  bridge  to 
be  completed  by  October  1st,  1931,  but  due  to  unavoidable 
delays  in  the  completion  of  the  piers  it  was  only  possible 
to  place  spans  Nos.  4  and  3  in  position  during  the  summer 
of  1931.  Span  No.  2  was  also  completely  erected  but  was 
not  floated  into  position  until  the  summer  of  1932,  upon 
completion  of  pier  No.  2.  The  erection  of  the  bascule  span 
was  also  delayed  until  1932.  Unfortunately  the  first  boat 
that  passed  through  the  opening  after  the  first  leaf  was 
erected,  but  before  the  counterweight  was  poured,  collided 
with  the  leaf  and  seriously  damaged  both  girders,  necessita- 
ting their  removal  and  partial  re-building.  The  bridge  was 
opened  on  October  9th,  1932,  and  has  operated  successfully 
since. 


Fig.  21— Completed  Bridge,  Sorel. 

Sorel 

At  Sorel  barge  shipment  direct  from  the  shop  to  the 
site  was  adopted  in  preference  to  shipping  by  rail,  as  this 
pei-mitted  of  lifting  the  steel  direct  from  the  barge  to 
position  in  the  bridge. 

For  the  erection,  no  one  piece  of  equipment  was 
suitable  for  the  whole  job  and  it  was  found  economical 
to  combine  the  use  of  15-ton  derrick  scows,  a  75-ton  floating 
crane,  and  a  stiffleg  derrick.  By  using  the  one  most  suitable 
for  each  operation  an  economical  erection  programme  was 
developed. 

In  order  to  allow  of  easy  and  accurate  setting  of  the 
tiunnion    bents,    they   were   l)uilt   with   loose   base   plates 
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which  wcro  accurately  set  in  ])hic('  on  tlio  picM's  hci'orc  Ihc 
bents  arrived.  Recesses  were  left  in  tiic  piers  in  which  tiu> 
base  plates  were  set  to  exact  level.  There  were  three  base 
plates  under  each  bent.  These  plates  were  bi'ousht  to  dead 
level  and  the  same  elevation  with  a  straight  edge  and 
spirit  level,  after  which  the  two  sets  on  each  pier  were 
checked  for  elevation  with  a  precise  level.  Each  plate  was 
brought  to  position  and  held  there  by  means  of  levelling 
screws  and  anchor  bolts.  As  soon  as  th(>  plates  were  set 
and  checked  they  were  grouted  in.  Working  lines  were 
then  established  on  the  top  of  the  pier  and  on  the  base 
plates  parallel  to  and  at  right  angles  to  the  centre  line  of 
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Fig.  22— End  View  of  One  Leaf,  Sorel. 

the  bridge  for  use  in  locating  the  trunnion  towers  cor- 
responding to  the  centre  lines  plac(>d  on  the  towers  in  the 
shop. 

The  trunnion  towers,  which  were  shipped  in  one  piece, 
as  previously  noted,  were  placed  by  the  derrick  scow  as 
shown  in  Fig.  18.  The  trunnion  bearings  were  brought  to 
correct  line  by  shifting  the  towers  on  the  piers,  l)ut  without 
moving  the  bearings  on  the  towers.  The  towei's  were  then 
bolted  down  to  the  pier  and  the  elevation  and  level  of  the 
bearings  were  checked.  They  were  found  to  be  correct 
without  any  shimming  or  adjusting,  thus  entirely  justify- 
ing the  shop  assembly  procedure. 

The  trunnion  struts  and  machinery  girders  were  tlH> 
next  pieces  to  be  erected.  Each  of  the  former  weighed  51 
tons  and  the  latter  28  tons.  The  method  to  be  used  in 
their  erection  was  given  a  great  tleal  of  study,  and  the 
final  decision  was  to  use  the  Montreal  Harbour  Com- 
missioners'  75-ton  floating  crane  to  place  these  four  heavy 
pieces.  The  crane  left  Montreal  at  noon,  on  June  21st, 
1932,  and  due  to  a  favourable  wind  reached  the  bridge  site 
about  6  o'clock.  It  immecUately  placed  the  trunnion  strut 
on  the  Sorel  side.  Next  morning  it  placed  the  machinei'y 
strut  on  that  side  and  then  crossed  the  channel  and  placed 
the  other  two  units,  completing  its  work  by  noon.  Figure 
19  shows  one  of  these  operations.  To  make  the  use  of  the 
floating  crane  economical  it  was  essential  that  the  operation 
be  carefully  planned  and  organized  so  that  the  crane  on 
its  arrival  had  only  the  four  lifts  to  make.  Without  going 
to  expensive  overtime,  there  were  about  six  working 
hours  available,  since  the  crane  was  only  allowed  away 
from  Montreal  harbour  from  Friday  noon  to  Monday 
morning. 


The  following  alternative  method  of  erecting  Ihc  trun- 
nion struts  and  machinery  girders  was  develoi)(!d  foi-  use  in 
case  any  unforeseen  d(>velopments  made  it  iini)ossible  to 
obtain  the  use  of  the;  7r)-ton  crane.  The  machineiy  shipixMJ 
on  the  machinery  girders  was  to  be  removed  from  them 
so  that  the  15-ton  derrick  scow  could  [jlace  the  gii'ders 
immediately  after  placing  the  truimion  towei's.  The 
machinery  was  then  to  be  replaced  on  the  girders  by  the 
scow.  The  approach  spans  were  to  be  erected  next  })y  the 
same  method  as  was  actually  used  and  which  will  be 
described  later.  On  completion  of  one  approach  span  a 
50-ton  steel  ginpole  was  to  be  set  up  with  its  foot  on  the 
top  of  the  pier  and  with  its  top  guyecl  back  to  the  appioach 
span  on  which  a  hoisting  engine  to  handle  the  lioisting 
lines  was  to  be  placed.  The  guys  were  so  arranged  that 
the  pole  would  have  sufficient  fleet  to  pick  the  trunnion 
strut  off  a  barge  mooied  in  front  of  the  pier  and  lift  it 
into  position  on  its  bearings.  The  ginpole  and  hoisting 
engine  were  then  to  be  taken  across  the  channel  where  the 
operation  was  to' be  repeated.  This  method  would  have 
l)een  somewhat  moi-e  expensive  and  a  gi-eat  deal  slower 
than  the  one  used. 

When  the  machinery  girders  were  fully  riveted  to  the 
trunnion  towers  the  alignment  of  the  trunnions  and  trun- 
nion bearings  was  agam  checketl  and  found  to  be  correct. 
The  holes  for  the  bolts  connecting  the  trunnion  bearings 
to  the  bents  were  then  reamed  and  the  bolts  placed. 

The  approach  span  trusses  on  the  Sorel  side,  each  of 
which  had  been  shipped  from  the  shop  in  two  pieces,  were 
assembled  on  a  scow  and  lifted  into  place  by  a  derrick 
scow  and  a  stiffleg  derrick  which  had  been  erected  on  the 
end  of  the  concrete  approach  spans.  The  stiffleg  derrick 
then  erected  the  remainder  of  the  approach  span  steel  and 
was  moved  out  to  the  end  of  that  span  adjacent  to  the 
bascule.  The  derrick  had  a  100-foot  boom  and  was  used 
to  erect  the  bascule  leaf. 

It  first  placed  the  tail  end  section  of  the  bascule  trusses 
and  the  counterweight  strut.  The  lower  ends  of  the  trusses 
were  tied  to  anchors  previously  placed  in  the  pier  which 
allowed  the  erection  of  the  remainder  of  the  span  before 
the  counterweight  was  poured.  Figure  20  shows  the  plac- 
ing of  one  of  the  last  sections  of  the  truss.  As  a  clear 
navigation  channel  had  to  be  maintained  at  all  times,  the 
leaves  were  necessarily  erected  in  the  open  position.  As 
soon  as  the  steel  in  the  leaf  was  all  erected,  the  forms  for 
the  counterweight  were  built  and  the  concrete  poured. 
The  stiffleg  derrick  also  placed  the  machinery  units  in 
position  on  the  piers  after  which  the  machinery  houses 
were  built  around  them. 

On  completion  of  the  erection  of  the  leaf  on  the  Sorel 
side,  the  stiffleg  derrick  was  moved  across  the  channel  and 
the  other  leaf  was  erected  in  the  same  way. 

The  bridge  was  completed  in  the  late  fall  of  1932  and 
was  opened  to  traffic  at  that  time.  Figure  21  shows  a  side 
elevation  of  the  finished  bridge  and  Fig.  22  is  a  view  of 
the  operator's  house  and  operating  racks  and  pinions  on 
the  Sorel  leaf. 

The  superstructures  of  all  three  bridges  were  con- 
structed by  the  Dominion  Bridge  Company  Limited  under 
the  direction  of  Mr.  F.  P.  Shearwood,  m.e.i.c,  chief  engi- 
neer. The  substructure  of  Norwood  street  was  built  by 
Foley  Bros,  of  Winnipeg;  of  Gaspe  by  Dufresne  Construc- 
tion Company  Limited,  of  Montreal;  and  of  Sorel  by  Church 
Ross  Company  Limited,  of  Montreal. 
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SUMMARY — This  building  is  for  the  treatment  and  study  of  diseases  or  injuries  of  the  brain  and  nervous  system.  In  addition  to  hospital  wards, 
it  contains  extensive  facilities  for  neurological  research  and  investigation.  The  special  features  in  its  equipment  are  described  particularly  with  reference 
to  the  service  requirements  in  the  wards,  operating  rooms  and  research  laboratories. 


The  Montreal  Neurological  Institute  is  designed  to 
take  care  of  all  cases  in  which  there  is  a  structural  defect 
in  the  nervous  system,  whether  the  treatment  is  to  be 
medical  or  surgical.  All  cases,  whether  public  or  private, 
are  studied  by  the  newer  methods  of  investigation.  These 
cases  include  immediate  and  late  results  of  injury  whether 
sustained  during  birth  or  later  in  life.  They  also  include 
inflammation,  degeneration  and  tumours  of  the  nervous 
system.  One  half  of  the  building  is  given  over  to  scientific 
study  of  disease  problems  that  are  related  to  the  nervous 
system.  The  remaining  half  of  the  building  is  devoted  to 
actual  care  of  patients. 

The  building  is  located  on  the  east  side  of  University 
street  above  Pine  avenue,  and  is  directly  north  of  the 
McGill  Pathological  Institute  to  which  it  is  connected  by 
means  of  an  underground  tunnel.  It  also  connects  with 
the  Royal  Victoria  Hospital  on  the  west  side  of  University 
street,  by  means  of  an  overhead  bridge. 

The  building  is  an  eight  storey  and  basement  structure, 
built  in  modified  Scottish  baronial  style  to  conform  with 
the  architecture  of  the  adjacent  buildings.  Three  of  the 
floors  are  used  for  hospital  purposes,  two  of  which  contain 
public  wards,  and  one,  private  and  semi-private  rooms. 
One  floor  is  given  over  to  operating  rooms  and  consulting 
offices.  Two  floors  are  devoted  to  research  and  animal 
experimentation.  The  balance  of  the  building  is  given 
over  to  living  quarters  and  general  purposes.  The  build- 
ing is  jointly  operated  by  McGill  University  and  the 
Royal  Victoria  Hospital. 

Prior  to  the  design  of  the  mechanical  equipment,  an 
extensive  tour  of  hospitals  and  allied  institutions  was 
made,  especially  in  connection  with  laboratory  equipment 
and  the  housing  and  handling  of  various  species  of  animals 
necessary  for  research. 

Heating  System 
The  building  is  heated  by  hot  water  with  forced  circula- 
tion and  converters  for  heating  the  water  and  the  pumps 
are  located  in  the  basement  of  the  Pathological  Institute. 
Both  a.c.  and  d.c.  electric  current  are  available,  and  in 
order  to  ensure  against  interruption  of  service,  the  circula- 
ting pumps  are  in  duplicate,  one  with  a.c.  and  one  with 
d.c.  motor.  The  temperature  of  water  in  the  converters 
is  controlled  by  means  of  graduated  action  thermostats  and 
pneumatically  operated  valves,  etc.,  with  a  range  of  100 
to  190  degrees  F.  This  was  done  in  order  to  secure  control 
over  an  unusually  wide  range  of  temperature.  Steam  is 
obtained  from  the  boiler  plant  of  the  Royal  Victoria 
Hospital,  high  pressure  steam  mains  being  brought  through 
the  tunnel  under  University  street  connecting  the  plant 
with  the  Pathological  Institute.  The  mains  are  duplicated 
and  provided  with  steam  flow  meters  of  the  integrating 
and  recording  type.  This  steam  is  used  both  for  the 
Pathological  and  Neurological  Institutes;  the  condensation 
from  each  building  is  metered  separately  in  order  to  charge 
each  with  its  proper  share  of  cost.   All  piping  of  two  inches 


and  larger  throughout  the  building  has  welded  joints. 
Reducing  valves  and  other  such  equipment  liable  to  require 
maintenance  are  duplicated  or  provided  with  by-pass  con- 
nections to  ensure  against  interruption  of  service.  A  steam 
separator  is  installed  on  the  medium  pressure  steam  line 
to  ensure  clean  dry  steam  for  sterilizers.  All  condensate 
flows  through  an  economizer  used  for  heating  domestic  hot 
water  in  connection  with  the  hot  water  tanks.  From  here 
it  flows  through  a  condensate  meter  to  an  electric  pump 
which  returns  it  to  the  hospital  boiler  plant.  All  heating 
mains  and  other  distribution  piping  are  in  tunnels  under 
the   basement.     All   radiators   on   the   hot   water  heating 


Fig.  1 — The  Montreal  Neurological  Institute. 

system  are  cast  iron  and  are  tested  for  100  pounds  working 
pressure.  There  is  a  total  of  13,000  square  feet  of  radiation 
in  the  building. 

Ventilating  System 
The  building  is  ventilated  throughout  by  means  of  two 
supply   and   four  exhaust   systems.     One   of   the   supply 
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systems  takes  care  of  the  operating  rooms  and  the  other 
the  balance  of  the  building.  One  of  the  exhaust  systems 
takes  care  of  operating  rooms  alone,  one  is  for  general 
requirements,  one  for  the  animal  section,  and  one  for 
toilets  and  utility  rooms.  The  squash  court  is  provided 
with  a  separate  disc  fan  and  gravity  inlet. 

The  two  supply  systems  are  provided  with  a  common 
pre-heater,  filter  and  air  washer  but  with  separate  re-heater 
coils  and  fans,  all  located  in  the  fan  room  in  the  basement. 
Each  supply  system  is  provided  with  an  electrically  con- 
trolled pneumatic  damper  which  closes  when  the  fan  for 


Fig.  2 — Photographic  Department, 

that  system  is  not  in  operation,  thus  preventing  either  fan 
from  drawing  back  from  the  other  system.  The  filter  is 
of  the  automatic,  self-cleaning  "belt"  type,  and  is  installed 
because  of  the  necessity  of  providing  air  as  clean  as  possible 
for  the  building.  The  air  washer  is  of  a  simple  type  and 
is  intended  principally  for  supplying  and  controlling 
humidity.  No  provision  is  made  for  recirculating  any  air 
exhausted  from  the  building.  The  heating  stacks  have 
thermostatically  controlled  pneumatic  by-pass  and  shut-ofT 
dampers,  for  controlling  temperature  of  the  air.  The  pre- 
heater  stack  is  provided  with  a  thermostatically  operated 
pneumatic  valve  which  allows  steam  to  enter  when  the 
outside  air  temperature  falls  below  35  degrees  F. 

Manually  operated  pneumatic  dampers  are  provided 
in  the  supply  and  exhaust  to  the  lecture  theatre,  so  that 
ventilation  may  be  cut  off  from  this  room  when  it  is  not 
in  use.  Fan  motors  for  the  two  supply  systems  are  a.c, 
slip-ring,  variable  speed  type. 

Exhaust  fans  are  located  in  the  pent  houses.  The 
toilet  exhaust  fan,  which  runs  continuously,  is  in  the 
upper  pent  house.  The  other  exhaust  fans  are  in  the 
pent  house  above  the  eighth  floor.  Electrically  controlled 
pneumatic  dampers  in  the  outlets  from  each  fan  close 
when  the  motors  are  not  running,  preventing  down- 
draughts  into  the  rooms.  The  motors  on  the  general  and 
operating  room  exhaust  fans  are  a.c,  variable  speed,  slip- 
ring  type,  all  others  are  constant  speed.  All  exhaust  fan 
motors  are  equipped  with  pilot  lights  and  stop  buttons 
located  in  the  basement  fan  room.  All  the  fans  in  pent 
houses  are  equipped  with  special  sound  deadening  and 
absorbing  bases.  This  is  in  order  to  guard  against  any 
possibility  of  transmitted  sound  or  vibration  likely  to 
cause  annoyance  in  the  lower  portion  of  the  building. 
Special  silent  type  electric  motors  are  used  throughout. 


Plumbing  System 

Various  items  of  the  plumbing  equipment  will  be 
described  in  the  detailed  accounts  of  the  various  rooms 
and  departments. 

Since  the  building  has  no  typical  floors,  it  was  necessary 
that  all  interior  groups  of  risers  be  very  carefully  studied 
in  order  to  place  them  in  positions  where  least  space  would 
be  wasted  and  at  the  same  time  form  an  economical  and 
practical  arrangement.  Piping  in  general  is  concealed 
throughout.  In  laboratories  and  other  portions  where 
future  changes  are  likely  to  be  made,  certain  services  are 
exposed.  Plugged  outlets  are  provided  on  walls  where  no 
equipment  is  now  installed.  Heavy  cast  iron  pipe  is  used 
for  soil  piping  except  where  acids  and  chemicals  are  used, 
in  which  case,  duriron  pipe  is  installed  with  duriron  traps 
on  fixtures.  All  domestic  hot  water  and  cold  water  piping 
up  to  and  including  one  inch  is  of  brass  pipe  with  screwed 
brass  fittings. 

Hot  water  for  domestic  purposes  is  heated  in  two  stor- 
age type  heaters  located  in  the  basement  of  the  Pathological 
Institute.  Each  heater  has  475  Imperial  gallons  storage 
capacity  and  a  heating  capacity  of  500  Imperial  gallons 
per  hour.  Steam  for  heating  is  supplied  to  the  coils  through 
self-contained,  thermostatic  temperature  regulating  valves. 
Cold  water  supply  to  tanks  is  admitted  through  the  econ- 
omizer previously  mentioned  under  heating.  Forced  circu- 
lation is  used  in  the  domestic  hot  water  system  and  a 
small  electrically-driven  centrifugal  pump  is  used  for  this 
purpose. 

Two  separate  vacuum  services  have  been  installed. 
One  with  moderate  vacuum,  is  piped  to  outlets  in  all 
laboratories  for  use  in  various  technical  processes  and  to 
wards  for  wound  drainage.  The  other  is  a  high  vacuum 
service  for  the  operating  rooms.  The  vacuum  pumps  are 
of  the  rotary  type,  direct  connected  to  electric  motors. 
The  vacuum  service  for  the  operating  rooms  is  maintained 
at  26  inches  of  mercury  at  the  pump.  The  general  vacuum 
system  is  under  automatic  control  at  12  inches  to  17  inches 
of  mercury.  Cocks  for  vacuum  services  are  of  the  laboratory 
gas  cock  type  with  tip  drilled  and  a  screw  plug  provided 


Fig.  3— Lecture  Theatre. 

for  all  cocks  which  are  used  only  infrequently.    All  vacuum 
piping  is  brass  with  screwed  brass  fittings. 

Compressed  air  is  supplied  by  a  small  electrically 
driven  compressor  and  piped  to  all  operating  rooms  and 
to  the  principal  laboratories.  Cocks  are  similar  to  vacuum 
cocks  and  piping  is  of  galvanized  steel. 

Electhical 
Electric    power   for    driving   motors    and   lighting   is 
supplied  from  the  power  house  of  McGill  University  to  a 
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substation  feeding  both  the  Pathological  and  Neurological 
Institutes.  All  circuits  from  the  power  house  are  duplicated. 
The  services  provided  to  the  Neurological  Institute  are, 
alternating  current,  three-phase,  230  volts,  alternating  cur- 
rent, single-phase,  3-wire,  230-115  volts,  and  direct  current, 
3-wire,  230-115  volts. 

The  direct  current  service  can  be  supplied  either  from 
the  circuits  of  the  Montreal  Light,  Heat  &  Power  Con- 
solidated through  motor  generator  sets  or  from  the  steam- 
driven  sets  of  the  university.    Provision  is,  therefore,  made 


Fig.  4 — Typical  Four-Bed  Ward. 

in  the  institute  to  allow  for  all  important  services  to  he 
transferred  to  direct  current  in  emergcnc}^ 

The  main  switchboard  in  the  Institute  is  located  in  a 
special  room  in  the  basement  and  is  of  the  NoFuze,  dead 
front  type,  equipped  with  circuit  breakers.  The  saving  in 
space  with  this  type  of  switchboard  was  considerable. 
From  this  boai'd,  light  and  power  feeders  are  run  in  a 
vertical  shaft  to  panel  closets  on  each  floor.  All  electrical 
services  for  each  floor  are  controlled  through  panel  boards 
ir  stalled  in  these  closets. 

Power  equipment  is  mainly  concentrated  at  two  points, 
the  exhaust  fans  and  elevator  controls  l)eing  in  the  ninth 
floor  pent  house,  and  the  air-conditioning  equipment, 
supply  fans  and  pumping  equipment  on  the  basement  floor. 
Direct  current  power  is  supplied  to  the  pent  house  for 
elevators,  and  also  to  panels  on  the  second  and  sixth  floors 
for  distribution  to  d.c.  service  outlets  in  the  photographic 
department  and  all  laboratories. 

Lighting  panels  on  each  floor  are  3-  to  2-wire,  115-230 
volts,  with  plug  fuse  only  in  branch  circuits.  Each  panel 
has  a  separate  section  with  circuits  controlling  emergency 
lighting  for  the  three  operating  rooms,  stairways,  corridors 
and  exits.  These  emergency  sections  are  on  a  separate 
riser,  controlled  by  a  150-ampere,  automatic  a.c.-d.c. 
transfer  switch  in  the  switchboard  room.  Lighting  of 
public  spaces  and  stairways  is  controlled  by  group  switch- 
ing in  the  ground  floor  office.  Lighting  of  ward  corridors 
and  public  wards  on  each  floor  is  controlled  from  the  nurses' 
stations. 

Due  to  the  exceptionally  close  regulation  required  for 
the  operation  of  lai-ge  Coolidge  tubes,  the  X-ray  power 
supply  is  an  entirely  separate  system,  including  transformer, 
230-volt  feeder,  and  distribution  panel  in  the  X-ray  depart- 
ment. This  power  feeder  also  supplies  outlets  on  the 
operating  I'oom  service  panels,  for  portable  X-ray  machines. 
A  separate  lighting  panel  controls  all  special  lighting. 
X-ray  viewing  boxes,  and  dark  room  power. 

A  standard  type  nurses'  calling  system  is  provided  for 


all  private  rooms  and  wards.  On  floors  where  there  are 
two  control  stations,  the  annunciators  are  cross-connected 
with  an  indication  to  register  any  unattended  call  from  the 
other  section.  At  each  control  station  there  is  an  emergency 
button  that  will  give  an  alarm  and  register  on  an  annuncia- 
tor in  the  first  floor  office,  in  case  a  patient  may  leave  by 
way  of  the  stairs.  In  the  ward  kitchens  and  utility  rooms 
there  are  duty  stations  to  indicate  any  room  call  and  the 
section  from  which  it  came. 

A  paging  system  is  installed,  consisting  of  a  master 
control  station  at  the  telephone  switchboard  in  the  Royal 
Victoria  Hospital,  from  which  code  calls  are  automatically 
sent  out  to  sounder  units  located  at  twenty-four  points 
throughout  the  building.  The  sounding  units  consist  of  a 
magnetic  plunger  striking  on  a  bakelite  disc  and  are  adjust- 
able for  volume  of  sound.  The  sounders  operate  from  a 
low  voltage  relay  controlled  by  the  set-up  at  the  master 
control  station. 

For  the  various  groups  of  offices  there  are  return  call 
signal  systems  between  the  private  offices  and  the  office 
of  the  secretary  for  each  section.  There  are  also  signal 
systems  between  the  lecture  theatre  and  the  porter's  office, 
lecture  theatre  and  lantern,  also  from  each  operating  room 
panel  to  nurses  stations  and  laboratories.  The  operating 
room  buttons  consist  of  special  elbow  pushes. 

The  clock  system  consists  of  a  self-winding  master 
clock,  controlling  twenty-seven  minute-impulse  secondary 
clocks  throughout  the  building.  Batteries  and  charging 
equipment  are  located  in  the  switchboard  room  in  base- 
ment and  the  master  clock  in  the  enquiry  office  on  the 
ground  floor.  Secondary  clocks  are  minute-impulse,  flush 
type,  10-inch  or  12-inch  dials  with  dull  aluminum  bezels. 

A  complete  conduit  system  has  been  provided  for 
future  installation  of  a  closed  circuit  coded  fire  alarm 
system.  The  equipment  has  not  yet  been  installed,  but 
provision  has  been  made  for  tying  in  the  new  system  with 
the  existing  system  in  the  Royal  Victoria  Hospital. 

Watchman's  stations  consist  of  twenty  flush  type  key 
stations  for  operation  of  portable  clock,  located  so  that  a 


Fig.  5— Ward  Kitchen,  2nd  floor. 

complete  inspection   of  the   building  is   covered   on  each 
round  of  the  watchman. 

Telephone  service  is  controlled  from  the  main  switch- 
board in  the  Royal  Victoria  Hospital.  Distribution  is  made 
from  flush  cabinets  located  in  panel  closets  on  the  first, 
fourth,  and  seventh  floors.  Outlets  in  private  rooms  and 
wards  consist  of  jacks  installed  in  the  room  nurses'  calling 
system  plate.  Telephone  service  is  provided  in  all  lab- 
oratories, offices,  control  stations  and  elevators. 
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A  complete  conduit  system  was  installed  with  the 
required  outlets  for  a  future  radio  system.  Provision  was 
made  for  outlets  in  all  private  rooms  and  wards,  also  in 
each  room  of  the  staff  quarters  on  the  eighth  floor.  On  the 
hospital  floors  there  are  outlets  at  each  nurses'  control 
station  so  that  programmes  may  be  received  and  distributed 
to  the  head  sets  in  the  wards,  under  the  control  of  the 
floor  nurse.  In  the  major  operating  room,  provision  is 
made  for  the  future  installation  of  a  microphone  and  a 
sound  projector  so  that  spectators  in  the  glass-enclosed 
gallery  may  readily  hear  the  remarks  of  the  surgeon  at 
the  operating  table. 

Elevator 

The  building  is  provided  with  two  elevator  shafts  to 
allow  for  one  service  and  one  passenger  elevator.  At  the 
present  time  the  service  elevator  only  is  installed  and  is 
used  for  service  and  passengers  combined. 

The  hoisting  machine  is  of  the  single  wrap,  geared- 
traction,  auxiliary  micro-levelling  type,  operating  on  220 
volts  d.c,  with  full  automatic  push  button  control. 

Special  cork  sound-proofing  insulation  is  provided 
under  the  machine  and  controller  to  prevent  transmission 
of  noises  and  vibration  to  the  building  structure. 

The  car  platform  is  5  feet  6  inches  wide  by  7  feet  1 1 3^2 
inches  back  to  front,  outside  measurements.  The  cab  is  of 
standard  stock  design,  consisting  of  sheet  steel  panels  with 
baked  enamel  finish  and  is  equipped  with  top  emergency 
exit,  aluminum  hand  rail  and  manually  operated  Bostwick 
gate.  The  floor  is  covered  with  34-inch  rubber  tile  flooring. 
A  telephone  is  installed  in  the  car.  Hatchway  doors  are 
equipped  with  manually  operated  door  closers  and  holding 
latches.  Electrical  interlocks  are  provided  on  all  doors  to 
prevent  movement  of  car  when  any  door  is  open. 

The  heating,  ventilating,  plumbing  and  electrical  equip- 
ment has  now  been  described  in  a  general  way  in  connection 
with  the  building  as  a  whole.  A  description  will  next  be 
given  of  certain  special  features,  including  the  sterilizers, 
kitchen  equipment  and  refrigeration,  in  connection  with  the 
various  rooms  in  which  they  occur. 

Basement 

The  basement  is  devoted  largely  to  rooms  required 
for  the  general  purposes  of  the  building.  Most  of  the 
piping  in  connection  with  various  services  is  in  tunnels 
under  the  basement  floor.  On  this  floor  are  located  janitor's 
quarters  and  living  accommodation  for  certain  of  the  female 
staff  of  the  hospital.  The  fan  room,  lower  part  of  the  lecture 
theatre,  a  sterilizer  room  and  storage  room  ai'e  on  this  floor. 
The  transformer  and  main  switchboard  vault  is  also  on 
this  level  but  off  the  passageway  to  the  Pathological 
Institute.  A  small  switchboard  room  is  also  provided  near 
the  bottom  of  the  elevator  shaft. 

The  transformer  vault  is  divided  by  partitions  into 
two  portions,  the  outer  contains  the  low  tension  a.c.  and 
d.c.  switchboards  and  also  the  operating  mechanism  for 
the  switches  on  the  4,000  volt  incoming  a.c.  feeders.  The 
inner  portion  contains  the  transformers  for  light,  power  and 
X-ray,  also  the  oil  circuit  breakers  in  the  4,000-volt  feeders, 
together  with  their  disconnecting  switches.  Open  bus-bars 
are  used  on  4,000-volt  circuits  while  the  low  tension  con- 
nections are  run  in  conduit. 

The  sterilizer  room  contains  a  20-  by  48-inch  four  drum 
dressing  sterilizer.  Provision  is  also  made  for  a  future 
mattress  sterilizer. 

First  Floor 

The  first  floor  contains  the  entrance  hall,  enquiry 
desk,  head  nurse's  office  and  necessary  cloak  rooms.  On 
this  floor  are  also  the  photographic  rooms  and  upper  part 
of  lecture  theatre,  and  consulting  rooms  for  the  use  of 
staff  doctors. 

The  photographic  department  is  equipped  to  take  care 
of  all  classes  of  work  necessary  for  the  routine  work  of  the 


hospital  and  for  research.  Special  lighting  is  provided  at 
one  end  of  the  room  (see  Fig.  2)  for  photographing  specimens 
or  subjects  reqinring  intense  illumination  and  is  also  used 
for  making  motion  pictures  of  sul)j('<ts  where  such  a  record 
may  be  of  value.  .Micro-photographic  apparatus  is  installed 
in  a  .separate;  I'oom,  which  has  a  special  floor  to  avoid 
vibration  being  transmitted  to  the  apparatus.  This  appara- 
tus is  extensively  used  in  the  work  of  the  institute  for 
making  records  of  small  specimens  and  microscopic  slides. 


Fig.  6 — Operating  Room  No.  1. 

The  dark  room  is  equipped  to  take  care  of  the  develop- 
ing of  all  classes  of  photographic  work  except  motion 
picture  film.  The  developing  tank  consists  of  a  large 
alberene  (soapstone)  tank  divided  into  three  compart- 
ments with  dramboards  on  either  end.  Each  compartment 
is  provided  with  a  standing  waste  and  a  bell  cold  water 
supply  inlet  near  bottom  of  tank.  Each  of  the  two  outer 
compartments  has  a  combination  hot  and  cold  water 
supply  fixture.  One  drainboard  has  a  shallow  sink  set  in 
it  and  is  used  for  hypo  solution. 

The  lecture  theatre  (shown  in  Fig.  3)  has  a  seating 
capacity  of  one  hundred  and  twenty.  It  is  two  storeys  high, 
running  from  the  basement  through  the  first  floor.  The 
seating  is  arranged  in  semi-circular  rows  in  steep  tiers. 
The  room  is  used  for  general  lecture  and  demonstration 
purposes,  being  so  arranged  that  subjects  may  be  brought 
in  on  the  basement  floor  level.  Due  to  the  fact  that  there 
is  no  permanent  table  or  desk  for  the  lecturer,  as  all  space 
available  may  be  required  at  times  for  subjects  under 
demonstration,  the  services,  comprising  water,  gas,  com- 
pressed air,  drain  and  electrical  outlets,  are  located  in  a 
recess  in  the  wall  beside  the  blackboard.  The  room  is 
equipped  with  projection  lanterns  for  handling  all  types 
of  slides  and  opaque  specimens.  There  is  also  provision 
for  moving  picture  apparatus.  Motor-operated  blinds  are 
controlled  by  a  push  button  near  the  blackboard.  There 
is  both  supply  and  exhaust  ventilation  in  the  room,  supply 
outlets  being  located  under  the  seating,  and  exhaust  grilles 
in  the  ceiling.  Radiators  are  thermostatically  controlled. 
Second,  Third  and  Fourth  Floors 

The  second,  third  and  fourth  floors,  together  with  the 
operating  suite  on  the  fifth  floor,  form  a  hospital  unit  for 
the  reception  and  treatment  of  patients.  The  second  and 
third  floors  are  used  as  public  wards,  the  former  for  females, 
and  the  latter  for  males.  The  fourth  floor  is  used  for  private 
and  semi-private  patients. 

The  second  and  third  floors  are  similar  in  general 
arrangement  and  each  contains  a  twelve-  and  a  four-bed 
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ward,  two  sound-proof  observation  rooms,  diet  kitchen, 
two  utility  rooms,  dressings  room,  nurses'  stations,  small 
laboratory,  continuous  flow  bath  room,  waiting,  locker  and 
storage  rooms  and  lavatories. 

The  wards  on  the  second  and  third  floors  are  arranged 
so  that  the  patients'  beds  are  along  blank  walls  with 
windows  at  the  ends  of  the  rooms  only,  as  shown  in  Fig.  4. 
This  aids  m  observing  the  condition  of  the  eyes,  an  im- 
portant feature  of  the  diagnosis  in  the  case  of  many  patients. 
The  one  nerve  of  the  brain  that  can  be  seen  is  the  optic 


Fig.  7 — Vacuum  and  Compressed  Air  Services  and  Electric 
Clocks  in  Operating  Room., 

nerve,  which  is  visible  through  the  lens  of  the  eye.  A 
study  of  this  is  a  great  help  in  the  diagnosis  of  tumours 
of  the  brain.  Due  to  the  fact  that  there  is  a  large  expanse 
of  blank  outside  wall  where  the  beds  are  located,  it  was 
necessary  to  use  concealed  radiators.  Permanent  curtain 
rods  are  suspended  from  the  ceiling  to  support  curtains 
which  may  be  drawn  around  beds  for  isolating  patients. 
Vacuum  cocks  are  located  at  various  points  in  the  wall 
for  use  in  connection  with  wound  drainage.  A  combination 
plate  with  nurses'  call  and  electrical  convenience  plug 
receptacle  is  installed  in  connection  with  each  bed,  also 
an  indicating  dome  light  near  the  ceiling  over  each  bed 
to  show  from  which  patient  the  call  originated.  Provision 
is  also  made  so  that  each  patient  can  be  furnished  with 
radio  ear  phones.  Each  ward  has  its  own  toilet  room  and 
bath  room.  Each  ward  has  a  nurses'  station  arranged  so 
that  the  nurse  may  sit  outside  and  have  the  ward  under 
full  observation  through  large  windows. 

Each  of  these  wards  has  its  own  utility  room  equipped 
to  provide  for  waid  reciuirements.  The  utility  room  for  the 
twelve-bed  ward  contains  a  utensil  sterilizer,  an  instrument 
sterilizer,  a  bed-pan  washer,  bed-pan  rack,  utility  sink, 
disposal  sink  and  gas  plate.  There  is  also  provision  for  a 
future  bed-pan  sterilizer.  The  utility  room  for  the  four- 
bed  ward  has  the  same  equipment  as  the  other,  except  that 
there  is  a  bed-pan  sterilizer  instead  of  a  utensil  sterilizer. 

Each  hospital  floor  has  one  continuous-flow  bath,  used 


in  the  treatment  of  mental  and  nervous  ailments.  The 
important  feature  in  connection  with  this  bath  is  the 
constant  temperature  maintained  by  water  continually 
flowing  in  through  a  number  of  inlets  after  passing  through 
a  thermostatically  controlled  mixing  valve.  These  baths 
are  6  feet  6  inches  long  and  are  equipped  with  a  canvas 
hammock  so  that  a  patient  may  lie  comfortably  when 
stretched  out  full  length. 

The  second  and  third  floors  each  have  a  dressings 
room,  fully  equipped  for  dressing  wounds.  Patients  are 
wheeled  into  these  rooms  in  their  beds,  thus  avoiding 
dressings  in  wards  which  might  disturb  the  other  patients. 
There  is  an  instrument  sterilizer  and  an  all-service  sink 
in  each  of  these  rooms. 

The  fourth  floor  which  is  devoted  to  private  and  semi- 
private  patients  has  two  three-bed  wards  and  nine  private 
rooms.  Four  of  the  private  rooms  have  private  baths,  the 
balance  have  basin  and  toilet  only.  There  are  two  utility 
rooms  on  this  floor,  one  for  the  three-bed  wards,  and  one 
for  the  private  rooms. 

The  three-bed  ward  utility  room  contains  a  disposal 
sink,  bed-pan  washer,  bed-pan  sterilizer,  instrument  ster- 
ilizer, gas  plate  and  utility  sink.  The  private  patients' 
utility  room  contains  a  utensil  sterilizer,  combination  bed- 
pan and  utensil  sterilizer,  instrument  sterilizer,  gas  plate 
and  utility  sink.  Each  private  patient's  toilet  has  a  bed- 
pan washing  jet  built  into  the  bowl.  Each  private  room 
has  a  vacuum  outlet  for  wound  drainage.  There  is  provision 
for  telephone  service  in  addition  to  nurses'  call  and  radio. 
Concealed  night  lights  are  built  into  the  walls  near  the 
floor.  Each  of  the  three  floors  has  a  built-in  blanket 
warmer. 

All  food  is  cooked  in  the  main  kitchen  of  the  Royal 
Victoria  Hospital  and  brought  across  the  bridge  in  electric- 
ally heated  trucks.  One  ward  kitchen  (Fig.  5)  is  located 
on  each  floor,  equipped  for  light  cooking  only  and  for 
serving  meals  from  the  electric  trucks.  The  kitchen  on  the 
second  floor  has  a  dishwashing  machine,  all  dishes  in  the 
building  being  brought  to  this  floor  for  cleaning.  Silver 
is  washed  in  the  sinks  in  each  kitchen.  All  kitchen  equip- 
ment is  polished  monel  metal.  Each  kitchen  has  a  hot 
water  urn,  a  coffee  tricolator,  and  a  two-burner  gas  plate, 
all  standing  on  a  steam  heated  dish  warmer  which  also 
acts  as  a  serving  stand  for  the  electrically  heated  food 
trucks  and  is  equipped  with  electric  services  to  which  the 
truck  may  be  attached.  The  room  also  contains  a  monel 
metal  sink,  a  combined  serving  table,  storage  cupboard 
and  tray  racks.  Each  of  the  kitchens  on  the  second,  third, 
and  fourth  floors  is  provided  with  individual  refrigerators 
for  general  food  storage,  and  in  addition  the  kitchen  on 
the  latter  floor  has  a  refrigerator  divided  into  six  separate 
lock-up  compartments  in  which  patients  may  keep  their 
own  special  supplies.  All  refrigerators  are  self-contained 
units  and  each  is  equipped  with  ice-making  trays. 

Each  floor  has  medicine  sinks  located  near  each  nurses' 
station,  and  one  scrub-up  sink  located  centrally  in  the 
corridor. 

Each  of  the  three  floors  has  supply  and  exhaust  ventila- 
tion for  wards  and  utility  rooms.  All  toilets  and  ward 
kitchens  have  exhaust  only  and  corridors  have  supply  only. 

Fifth  Floor 

The  fifth  floor  contains  the  operating  suite,  X-ray 
department,  and  consulting  rooms  for  the  neuro-surgical 
staff.  The  operating  suite  consists  of  two  operating  rooms, 
anaesthesia  room,  sterilizer  room,  instrument  cleaning 
room,  surgeons'  rest  room,  linen  room  and  visitors'  room. 

Operating  room  No.  1  which  is  shown  in  Fig.  6  is  the 
larger  of  the  two,  and  has  a  spectators'  gallery  with  accom- 
modation for  twenty  persons,  which  is  divided  from  the 
operating  section  of  the  room  by  a  plate  glass  screen.  Access 
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to  the  gallery  is  had  from  the  visitors'  room  alongside. 
The  operating  room  is  finished  in  green  tile  and  has  a  black 
soft  rubber  floor.  This  type  of  floor  is  necessary  to  reduce 
the  fatigue  resulting  from  the  long  operations  common  in 
brain  surgery,  some  of  which  last  from  five  to  eight  hours. 
They  have  to  be  done  very  slowly  so  that  there  will  be  as 
little  bleeding  as  possible  and  because  the  tissues  must  be 
very  carefully  handled.  The  brain  itself  is  insensitive  to 
pain,  and  many  of  the  operations  are  carried  out  undei- 
local  anaesthesia  with  the  patient  fully  conscious  through- 
out the  entire  procedure.  The  principal  lighting  fixture  is 
a  Zeiss  Pantaphos,  arranged  both  for  vertical  adjustment 
and  travel  across  the  room  on  a  rail  attached  to  the  ceiling. 
This  type  of  fixture  has  been  found  particularly  satisfactory 
for  neuro-surgery,  on  account  of  its  shadow-free  field  of 
operation,  intense  and  uniform  illumination  both  over  the 
surface  and  in  the  depth  of  the  incision.  There  is  also  a 
glass  filter  to  absorb  the  heat  rays  and  also  to  approximate 
daylight  in  colour.  This  light  source  takes  150  watts.  In 
addition,  portable  spot  lamps  with  floor  stands  are  provided 
to  supply  high  intensity  local  illumination  when  necessary. 
There  is  also  general  ceiling  lighting  for  use  when  operations 
are  not  taking  place. 

Space  is  provided  under  the  spectators'  gallery  for 
photographic  apparatus.  The  camera  is  placed  behind  a 
window  in  the  front  of  the  gallery  and  pictures  of  operations 
can  be  taken  by  means  of  a  mirror  supported  by  an  adjust- 
able arm  directly  above  the  patient.   I^ovision  is  also  made 


Fig.  8 — X-ray  Apparatus. 

for  special  high  intensity  illumination  when  moving  pictures 
are  being  taken. 

There  are  two  electrically  heated  instrument  sterilizers 
installed  in  a  recess,  one  using  water  and  the  other  oil  as 
a  sterilizing  medium.  The  oil  sterilizer  is  used  principally 
for  small  steel  instruments  with  sharp  points  or  cutting 
edges.  These  sterilizers  are  placed  in  the  operating  room 
since  it  is  often  necessary  to  re-sterilize  instruments  during 
long  operations  without  leaving  the  room. 


One  of  the  hot  water  heating  radiators  is  under  t\u\ 
gallery,  the  other  in  a  metal  enclosure  in  the  side  wall. 
There  is  also  an  additional  steam  radiator  in  an  enclosure 
in  the  side  wall,  connected  to  the  medium  pressure  steam 
system,  which  is  used  when  heat  is  required  in  the  operat- 
ing room  but  not  in  the  rest  of  the  building,  or  to  boost  ui) 
the  temperature  (juickly  when  necessary  in  an  emergency. 
All  the  radiators  are  thermostatically  controlled  by  means 
of  two  thermostats,  one  controlling  the  hot  water  radiators 
and  one  the  steam  radiator.    Each  thermostat  is  equipped 
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Fig.  9 — Laboratory  Service  Shelf  with  Removable  Work 
Table  and  Fixed  Shelf  and  Services. 

with  a  lever,  providing  quick  adjustment  four  degrees 
above  and  below  the  normal  temperature  setting.  In 
addition  the  thermostat  for  the  steam  radiator  has  a  lever 
by  which  the  radiator  may  be  turned  on  or  off. 

Vacuum  and  compressed  air  services  are  brought  to 
the  operating  room  and  terminate  in  a  r.ionel  metal  box 
located  in  the  wall  (Fig.  7).  This  box  contains  sensitive 
adjustable  vacuum  and  pressure  regulators.  Ten-inch 
diameter  vacuum  and  pressure  gauges  are  mounted  on  the 
wall  facing  the  operator  and  are  connected  to  the  controlled 
vacuum  and  air  services.  Additional  pressure  and  vacuum 
cocks  are  also  provided  which  are  connected  directly  to 
the  lines  ahead  of  the  controls.  The  vacuum  service  in 
connection  with  brain  surgery  is  very  important  as  it  is 
freciuently  used  to  remove  tumour  tissue  from  the  brain 
by  a  suction  instrument  connected  to  this  service  which 
has  to  be  carefully  controlled.  As  mentioned  earlier,  there 
is  a  separate  vacuum  pump  for  the  two  operating  rooms. 

Four  different  electrical  services  are  brought  to  a  large 
plate  on  the  wall  provided  with  receptacles  and  switches 
for  their  use  and  control.  In  addition  a  cable  is  run  from 
this  plate  carrying  all  services  to  a  large  portable  metal 
spider  box  on  the  floor  which  has  a  number  of  plug  recep- 
tacles to  which  attachments  can  be  made.  Electrical  service? 
provided  are  230-volt  a.c.  for  X-ray,  110-volt  a.c.  and 
d.c.  for  general  purposes,  and  a  4-6-volt  d.c.  service 
operated  from  a  storage  battery  located  in  the  panel  cup- 
board on  the  fifth  floor.  This  latter  service  is  brought  to 
three-point  polarized  receptacles  and  is  used  for  various 
small  instruments  and  for  emergency  lighting.  It  also 
provides  current  for  operating  the  small  head  lamp  which 
the  operator  wears  strapped  to  his  forehead  for  certain 
operations.  The  storage  battery  is  charged  by  a  trickle 
charger.  The  wall  plate  previously  mentioned  also  has 
switches  controlling  the  room  lighting  and  an  elbow- 
operated  push  button  for  emergency  use  to  summon  aid 
to  the  room. 

The  operating  room  has  one  standard  secondary  clock 
with  hours  and  minutes  and  one  seconds-indicating  clock 
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on  separate  dial  Avith  a  single  stroke  bell  to  indicate  fifteen 
seconds  periods.  This  seconds  clock  is  started  and  stopped 
by  a  tumbler  switch  on  the  electric  service  plate. 

A  rim  flushing  floor  drain  with  hot  and  cold  water  is 
provided  for  the  operating  room. 

The  operating  room  has  its  own  supply  and  exhaust 
ventilating  system  as  mentioned  previously.  This  feature 
is  included  in  the  design  to  permit  control  of  the  air  supplied 
to  operating  and  anaesthetic  rooms.  This  air  is  maintained 
at  a  temperature  and  relative  humidity  higher  than  that 
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Fig.  10 — Laboratory  Sink,  with  Three-Outlet  Supply  Fixture, 
Steam  and  Cold  Water  Cocks. 

provided  for  the  rest  of  the  building.  This  is  important 
as  cases  of  explosion  of  anaesthetic  fumes  have  been  traced 
to  sparks  due  to  static  electricity.  The  high  humidity  also 
reduces  evaporation  from  the  surface  of  exposed  tissue  at 
the  high  temperatures  sometimes  maintained  as  both  the 
temperature  and  humidity  are  chosen  for  the  benefit  of  the 
patient  rather  than  for  the  comfort  of  the  other  occupants 
of  the  room.  Supply  air  is  brought  in  at  both  the  floor  and 
ceiling.  The  exhausted  air  is  taken  from  the  floor  and 
ceiling  at  the  opposite  side  of  the  room.  Air  is  also  supplied 
to  the  small  photographic  cubicle  under  the  gallery.  A 
certain  amount  of  air  is  exhausted  from  the  hood  over  the 
sterilizers  in  the  sterilizer  alcove. 

A  portable  X-ray  viewing  cabinet  in  the  operating 
room  enables  the  surgeon  to  consult  X-ray  photographs 
at  any  time. 

A  door  on  the  south  side  of  the  opei'ating  room  leads 
into  the  instrument  cleaning  room,  which  is  equipped  for 
cleansing  instruments  and  other  apparatus.  The  sink  is 
of  monel  metal  with  two  compartments  and  two  drain- 
boards.  Storage  cupl^oards  are  provided  for  instruments 
and  supplies. 

Operating  room  No.  2  is  generally  similar  to  No.  1 
but  is  smaller.  No  photographic  cubicle  is  provided.  A 
door  communicates  with  the  X-ray  room  permitting  the 
patient  to  be  moved  to  the  X-ray  apparatus  so  that  nec- 
essary photographs  may  be  taken  conveniently  and  with 
little  delay.  The  room  is  intended  principally  for  encephal- 
ography and  ventriculography  which  involve  the  injection 
of  sterilized  air  into  the  cavities  within  the  brain  and  over 
the  surface  of  the  brain,  making  certain  conditions  of 
inflammation  or  growths  show  up  when  X-ray  pictures 
are  taken. 

The  sterilizei'  room  for  the  operating  suite  contains 
one  48-  l)y  20-inch  four-drum  dressing  sterilizer,  a  large 
utensil  sterilizer,  two  instrument  sterilizers,  sink  and  drain- 
l)oard  and  rim  flushing  disposal  sink.  The  dressing  sterilizer 
is  equipped  with  recording  and  indicating  thermometers  in 
the  condensate  outlet  from  the  chambei',  thus  ensuring  that 
all  air  is  vented  and  that  the  steam  in  the  drum  reaches 
the  full  temperature  corresponding  to  its  pressure  necessary 
for    pi'oper   sterilization.     The    usual    indicating    pressuie 


gauges  are  also  installed,  both  for  safety  and  as  a  check 
against  the  thermometers.  This  room  has  both  supply  and 
exhaust  ventilation. 

The  surgeons'  scrub-up  sink  is  installed  in  the  passage- 
way outside  the  operating  rooms,  and  is  large  enough  to 
accommodate  four  persons  and  has  four  combination  hot 
and  cold  water  supply  fittings  with  blade  handles. 

The  angesthesia  room,  which  is  situated  adjacent  to 
the  operating  room,  is  equipped  with  sink  and  drainboard 
and  a  small  refrigerator.  Provision  is  also  made  for  the 
future  installation  of  an  instrument  sterilizer.  Supply  and 
exhaust  ventilation  is  provided. 

The  X-ray  room  located  alongside  operating  room  No. 
2  is  equipped  with  all  X-ray  apparatus  necessary  for 
photography  and  fluoroscopic  work  (see  Fig.  8).  The  main 
table  is  motor  driven  and  has  universal  adjustments 
provided  for  making  pictures  with  the  patient  in  any 
position.  Transformers  for  X-ray  apparatus  are  located 
in  a  separate  cubicle  opening  off  the  room,  while  the  timer 
and  control  apparatus  are  located  in  the  room. 

The  X-ray  dark  room  is  equipped  to  handle  all  the 
developing  work  for  this  department.  The  insulated 
developing  tank  is  provided  with  a  separate  cooler  for 
chilling  wash  water  in  hot  weather.  The  cooler  is  cooled 
by  a  small  individual  refrigeration  unit  in  the  basement. 
The  temperature  of  the  water  supplied  to  the  tank  is 
controlled  by  a  thermostatic  mixing  valve.  The  use  of 
this  chilled  water  permits  the  technician  to  maintain 
uniform  conditions  of  temperature  for  developing,  fixing 
and  washing  films  both  in  winter  and  summer,  and  has 
been  found  to  improve  the  quality  of  the  work  produced. 
There  is  also  an  alberene  sink  and  a  motor  driven  film 
diyer.    Exhaust  ventilation  only  is  provided  for  this  room. 

Rooms  for  X-ray  viewing  and  film  storage  are  located 
across  the  corridor  from  the  X-ray  room  and  are  equipped 
with  viewing  boxes  and  stereoscopic  viewing  apparatus. 

Sixth  Floor 

The  sixth  floor  is  devoted  mainly  to  laboratories  used 
for  research  work.  It  also  contains  a  library,  offices  of  the 
Director  of  the  Institute,  his  secretary,  an  office  for  the 
neuro-pathologist  and  the  chemist,  a  special  room  for 
cleaning  glassware  and  rooms  for  general  storage  and  the 
storage  of  specimens  preserved  in  formalin.  There  are  two 
chemical  laboratories,  large  laboratories  for  the  research 
fellows  and  routine  technicians  and  several  small  private 
laboratories  for  special  research  Avork. 

One  of  the  chemical  laboratories  is  used  for  the  general 
chemical  work  of  the  institute.  This  laboratory  contains 
an  alberene  stone  fume  cabinet  Avith  Avater  bath  and 
duriron  sink,  and  services  consisting  of  gas,  hot  and  cold 
Avater,  compressed  air,  vacuum  and  medium  pressure 
steam.  These  services  are  arranged  to  be  controlled  from 
the  apron  on  the  outside  of  the  cabinet  Avhen  the  cabinet 
is  closed.  The  electrical  plug  receptacles  and  light  and  fan 
SAvitches  are  also  located  on  the  front  apron.  The  air 
from  the  cabinet  is  exhausted  by  means  of  a  duriron 
exhaust  fan.  A  chemical  table  in  the  centre  of  the  room 
has  a  lead-lined  trough  running  doAvn  the  centre  the  entire 
length  and  emptying  into  an  alberene  sink  at  one  end. 
Services  are  located  along  the  centre  of  the  table  over  the 
trough  and  include  hot  and  cold  water,  gas,  compressed 
air,  vacuum  and  electrical  plug  receptacles  both  a.c.  and 
d.c.  In  common  with  the  other  laboratories  and  certain 
special  rooms,  this  laboratory  is  provided  with  a  wooden 
service  shelf  which  is  about  10  inches  Avide  and  contains 
groups  of  services,  each  consisting  of  a  copper  funnel-type 
sink  6  inches  in  diameter  ineide  fitted  Avith  duriron  trap, 
a  hot  and  cokl  Avater  gooseneck  supply  fixture  fitted  Avith 
special  removable  hose  connection  tip,  a  double  gas  cock, 
and  single  compressed  air  and  vacuum  cocks,  all  as  shown 
in  Fig.  9.  Duplex  electrical  plug  receptacles  for  a.c.  and 
d.c.  are  located  in  the  Avail  above  each  service  group.     All 
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piping  for  the  service  shelves  is  grouped  under  the  shelves 
along  the  wall  where  it  is  of  easy  access  for  alterations  and 
extensions.  The  front  of  the  shelf  has  an  apron  8  inches 
deep  which  partially  hides  the  piping  l)ehind  it.  This 
arrangement  for  services  was  chosen  to  provide  for  flexibil- 
ity  in   furnishings   as  it   allows  work   ])enches  of  varying 


Fig.  11 — Alberene  Stone  Sink  with  Fume  Hood 
in  Research  Laboratories. 

lieights  or  sizes  to  be  placed  in  front  of  it.  These  work 
benches  can  thus  be  changed  or  removed  at  will  without 
disturbing  permanent  piping  or  fixtures.  Where  radiators 
are  under  the  shelves,  grilles  are  countersunk  into  the  top 
of  the  shelf  and  sheet  metal  enclosures  lined  with  asbestos 
are  placed  around  the  front  and  sides  of  the  radiators,  thus 
shielding  the  legs  of  any  one,  woi'king  at  the  bench,  from 
radiant  heat. 

All  the  alberene  sinks  and  fixtures  used  in  laboratories 
are  of  special  design,  as  shown  in  Fig.  10.  Each  sink  has  an 
alberene  shelf  over  the  top  of  splash  back,  6  inches  wide. 
The  supply  fixture  is  of  special  design  with  four  valves  and 
three  outlets  so  that  hot,  cold  and  mixed  water  can  be 
drawn  at  the  same  time.  Each  of  the  three  outlets  has  a 
special  removable  serrated  nozzle  to  allow  connection  either 
to  rubber  tubing  or  to  a  standard  hose  fitting.  Small 
^-inch  compression  cold  water  cocks  are  located  on  the 
splash  back  over  the  drainboard  and  arranged  with  out- 
lets to  take  rubber  tubing.  These  outlets  are  used  when 
it  is  necessary  to  allow  a  small  quantity  of  water  to  flow 
continually  over  specimens  in  jars  during  the  course  of 
preparation.  In  certain  rooms  the  sinks  are  also  provided 
with  a  steam  cock  supplying  medium  pressure  steam. 
The  handles  of  steam  cocks  are  coloured  I'ed  to  guard 
against  mistakes. 

This  chemical  laboratory  also  contains  a  water  still, 
a  single  drainboard  alberene  sink,  a  refrigerator  and  a  high 
temperature  electric  oven.  A  shower  head  with  pull  chain 
valve  is  installed  for  use  in  case  of  accidents. 

The  other  chemical  laboratory  is  smaller  and  is  used 
principally  for  i-esearch.  This  room  contains  a  small  fume 
cabinet,  alberene  sink,  centre  chemical  table  without  trough 
or  sink,  and  service  shelf  with  two  groups  of  services.  The 
principal  chemist  has  a  combined  office  and  laboratory  with 
alberene  sink  and  service  shelf.  The  office  of  the  Director 
of  the  Institute  has  a  work  1)ench  fitted  with  a  group  of 
services  but  with  porcelain  sink  instead  of  copper  funnel. 

The  routine  technicians  occupy  the  largest  of  the 
laboratories.  This  laboratory  has  a  service  shelf  with  six 
groups  of  services,    (^abinets  are  placed  at  right  angles  to 


the  wall  and  project  out  from  the  work  bench  in  order  to 
divide  the  room  into  a  number  of  small  cubicles  for  in- 
dividual workers  or  types  of  apparatus.  This  room  also 
contains  a  small  refrigerator,  a  large  electric  oven,  electric 
incubators,  and  an  alberene  sink  and  drainboard.  This 
laboratory  is  used  for  hardening,  emlxMlding,  cutting, 
staining  and  mounting  material  that  is  (o  be  examined, 
such  as  tmnour  tissue  that  is  removed  during  an  operation. 
Frequently  the  only  means  of  properly  identifying  this 
tissue  is  by  microscopic  examination  and  such  identifica- 
tion is  of  importance  in  determining  the  future  outlook 
and  indications  for  treatment.  This  room  is  also  used  for 
preparation  of  material  for  the  vaiious  I'esearclies  that  are 
carried  on. 

The  research  fellows'  laboratory  is  similar  in  general 
arrangement  to  that  of  the  routine  technicians.  It  is 
provided  with  service  shelf  with  six  groups  of  services, 
alberene  sink  and  drainboard,  also  centie  tables  arranged 
for  microscopic  work. 

The  two  small  research  laboratories  are  each  provided 
with  a  service  shelf  and  alberene  sink.  These  sinks  (shown 
in  Fig.  11)  are  different  from  the  standard  in  that  they 
have  a  ventilated  alberene  hood  covering  the  whole  of  the 
sink  and  drainl:)oard.  This  is  provided  to  remove  odours 
or  fumes  when  working  with  specimens  which  are  being 
impregnated  with  formalin  solution. 

The  glassware  cleaning  room  contains  a  large  double 
alberene  sink  of  special  design  with  drainboards  on  both 


Fig.  12 — Outdoor  Animal  Cage. 

ends,  ext(Miding  through  wickets  opening  into  the  routine 
technicians  and  research  fellows'  laboratories.  Each  sink 
compartment  has  a  combination  hot  and  cold  water  swivel 
supply  fixture.  One  drainlward  is  cut  to  accommodate  a 
special  glass  rinsing  jet  located  in  a  monel  metal  cup. 
There  is  also  a  live  steam  cock  located  on  the  splash  back 
of  the  sink  to  allow  the  operator  to  boil  water  in  the  sink. 

Seventh  Floor 

The  seventh  floor  is  devoted  to  physiological  researches 
into  the  action  of  the  nervous  system  of  animals  and  to  the 
housing  of  animals. 

The  quarters  in  which  the  animals  are  housed  consist 
of  four  rooms  opening  off  a  coi-ridor  and  open  air  lunways 
located  on  the  roof  adjacent  to  the  looms.  The  rooms  are 
designed  to  house  the  larger  animals,  such  as  chimpanzees 
or  large  monkeys.  They  can  also  b(>  used  to  contain  cages 
for  smaller  animals.    The  wire  enclosure  around  the  run- 
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ways  and  other  equipment  is  made  strong  enough  to  take 
care  of  young  chimpanzees  only,  which  have  approximately 
the  strength  of  an  ordinary  man.  An  adult  chimpanzee 
has  the  strength  of  about  four  men  and  is  too  difficult  to 
handle  in  experimental  work.  Chimpanzees  are  used  for 
observation  of  their  l^ehaviour  under  various  conditions, 
their  nervous  system  being  the  nearest  to  that  of  human 
beings.  The  entire  animal  quarters  and  corridor  and  its 
equipment  is  made  "monkey  proof"  to  prevent  damage  to 
the   equipment,   or   animals,   in   the   event   of   a  monkey 


Fig.  13 — Corridor  to  Animal  Rooms. 

escaping  from  its  cage.  Each  of  the  animal  rooms  contains 
a  special  drinking  tap  located  in  a  flush  monel  metal  box 
in  the  wall.  The  exposed  part  of  the  drinking  tap  consists 
of  a  spout  and  a  lever  handle.  The  spout  is  short  and 
heavy  and  cannot  be  damaged  very  easily.  The  lever 
handles,  however,  are  the  only  pieces  of  apparatus  in  the 
room  that  are  not  "monkey  proof."  These  taps  are  installed 
for  the  use  of  chimpanzees  who  after  they  are  once  shown 
how  to  use  them  by  putting  their  mouths  to  the  tap  and 
pressing  down  the  lever  do  not  try  to  damage  or  take 
them  apart.  Although  they  are  very  inquisitive  and  will 
try  to  dismantle  everything,  even  using  their  nails  as  screw 
drivers  to  take  out  screws,  after  they  are  once  shown  that 
something  is  of  real  benefit  to  them,  they  will  not  try  to 
damage  it.  This  box  also  contains  a  hose  connection  with 
hot  and  cold  water  for  cleaning  purposes. 

The  rooms  are  heated  by  enclosed  hot  water  radiators 
controlled  by  individual  thermostats  in  flush  boxes  behind 
heavy  grilles.  An  enclosed  steam  coil  is  also  provided  in 
each  room  and  connected  to  the  medium  pressure  steam 
supply  for  use  when  the  regular  heating  system  is  off  and 
it  may  be  necessary  to  provide  heat  for  tropical  or  delicate 
animals.  The  lighting  fixtures  are  flush  with  the  ceiling 
with  heavy  reinforced  glass  plates  on  the  front.  The  rooms 
opening  into  the  corridor  are  provided  with  both  solid 
wooden  and  sliding  wire  mesh  doors.  Each  room  has  a 
swinging  flap  door  and  a  wire  mesh  gate  leading  to  wire 
mesh  enclosed  runways  located  on  the  roof  as  shown  in 
Fig.  12.  When  the  gate  is  open  the  animals  can  go  back 
and  foith  through  the  flap  door.  If  the  attendant  wants 
to  keep  the  animal  in  or  out,  he  shuts  the  gate.  The  gate 
is  remotely  operated  from  the  front  corridor  or  the  passage- 
way in  rear  of  runways.  The  corridor  serving  the  animal 
room  contains  a  humidifier,  a  cage  sterilizer,  and  a  cage 
washing  sink  (see  Fig.  13).  The  humidifier  is  placed 
behind  a  grille  opening  on  the  corridor  and  is  of  the  fan 
circulating  type,  automatically  controlled  by  a  humidistat 


located  in  a  flush  box  with  grille  in  front.  It  is  essential 
to  have  properly  controlled  humidity  and  temperature,  as 
monkeys  and  chimpanzees  are  susceptible  to  pulmonary 
diseases.  The  cage  sterilizer  is  of  the  built-in  type  and  is 
large  enough  to  take  any  of  the  cages  used.  The  cages 
are  sterilized  by  admitting  steam  directly  into  the  closed 
chamber  under  atmospheric  pressure.  The  sterilizer  has  a 
drain  and  large  vent  and  an  indicating  dial  thermometer 
located  on  the  wall  to  show  the  temperature  of  sterilization. 
The  cage  washing  is  done  in  a  deep  alberene  stone  sink 
which  also  serves  as  an  animal  bath.  The  sink  has  hot  and 
cold  water,  live  steam  for  boiling  the  water,  and  a  large 
quick  opening  gate  valve  in  the  waste.  Each  animal 
room  and  the  corridor  has  exhaust  ventilation  only  with 
a  separate  fan. 

A  special  kitchen  is  provided  for  preparing  food  for 
the  animals  and  contains  a  gas  stove,  monel  metal  sink 
and  work  table.  A  large  refrigerated  room  for  storing  bulk 
food  opens  into  the  kitchen  and  is  provided  with  a  work 
table  for  certain  operations  in  connection  with  the  prepara- 
tion of  specimens  requiring  a  cold  atmosphere. 

A  gas  fired  incinerator  is  provided  on  this  floor  for 
the  destruction  of  waste  and  rubbish  originating  in  the 
animal  department.  A  can  washer  is  also  located  in  the 
incinerator  room. 

The  operating  suite  for  animals  consists  of  an  operat- 
ing room,  a  physiological  room  where  various  experimental 
tests  are  performed  on  animals  under  observation,  and 
between  these  two  rooms  are  located  the  sterilizer  room 
and  surgeons'  scrub-up.  The  operating  room  contains  a 
service  shelf  with  one  group  of  services,  a  general  sink, 
compressed  air  and  vacuum  and  a  rim  flushing  floor  drain. 
The  electrical  services  are  similar  to  those  in  the  operating 
rooms  on  the  fifth  floor.  A  blanket  warmer  is  located  in  a 
small  work  room  adjacent  to  the  operating  room.  The 
physiological  room  is  supplied  with  the  same  mechanical 
and  electrical  services  and  equipment  as  the  operating 
room. 

The  sterilizing  room  is  equipped  with  a  36-  by  20-inch, 
three-drum  dressing  sterilizer,  instrument  and  utensil 
sterilizers,  a  disposal  sink  and  one  instrument  cleaning 
sink  and  drainboard.  It  should  ])e  noted  that  this  sterilizer 
room  is  completely  equipped  and  provides  for  the  possibility 
of  as  complete  sterilization  as  is  used  anywhere  for  surgical 
work.  A  large  scrub-up  .sink  of  sufficient  size  to  accom- 
modate three  operators  is  provided  in  the  scrub-up  room. 
Supply  air  for  ventilating  is  introduced  into  both  the 
operating  and  physiological  rooms  and  is  exhausted  from 
these  rooms  into  the  sterilizer  and  scrub-up  rooms  through 
grilles  and  swing  doors. 

There  are  also  two  laboratories  on  this  floor  which  are 
used  for  special  research.  Each  is  equipped  with  a  service 
shelf  and  an  alberene  stone  sink  and  drainboard.  Supply 
and  exhaust  ventilation  is  provided  for  both  of  these  rooms. 

Eighth  Floor 

The  eighth  floor  is  used  as  living  quarters  for  the 
resident  who  is  the  chief  interne,  and  five  research  fellows. 
There  is  also  a  squash  court,  the  upper  part  of  which  is 
on  this  floor  and  the  lower  part  on  the  floor  below. 

Two  pent  houses  are  located  on  the  roof  and  contain 
all  the  exhaust  fans  and  elevator  machinery. 

Wherever  possible  all  material  and  equipment  was  of 
Canadian  manufacture  and  a  provision  was  made  in  all 
contracts  which  set  a  minimum  wage  per  hour  for  workmen 
employed  in  the  various  trades. 

Dr.  Wilder  G.  Penfield,  the  Director  of  the  Neurological 
Institute,  together  with  his  associates  set  the  requirements 
for  the  building  and  those  responsible  for  the  design  of  the 
])uildiiig  and  mechanical  and  electrical  equipment  were  Ross 
and  Macdonald,  architects,  McDougall  and  Friedman,  con- 
sulting engineers,  with  Wilson  and  Kearns,  associate  con- 
sulting engineers,  all  of  Montreal. 
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Modern  Sewage  Treatment  Practice 

Edmund  B.  Besselievre, 

Sayiilury  Engineer,  The  Doi-r  Convpnny  Inc.,  Nvw  Yorl:. 

Paper  presented  before  the  Montreal  Branch  of  The  Engineering  Institute  of  Canada, 

November  1st,  1934. 

SUMMARY — The  paper  gives  a  survey  of  present  practice  In  sewage  treatment,  outlining  the  development  of  the  processes  now  in  use  for  sludge 
digestion  and  secondary  treatment  of  the  effluent.  Sludge  disposal  is  briefly  considered,  and  some  figures  are  given  as  to  capacity  and  cost  of  a  few  typical 
Installations. 


Sewage  treatment  is  distinct  from  sewage  disposal 
since  it  involves  the  provision  of  works  to  subject  the 
sewage  to  some  form  of  change  which  will  render  it  safe  to 
discharge  into  a  nearby  water  course.  Sewage  disposal  may 
mean  only  the  discharge  of  the  untreated  sewage.  It  is 
with  "sewage  treatment"  that  this  paper  deals. 

Sewage  treatment  in  a  definite  form  had  its  origin  in 
England  and  the  first  recorded  sewage  plant  was  that  at 
Merthyr  Tydvil  in  Wales  in  1857.  Since  that  time  many 
investigators  have  endeavoured  to  improve  on  the  original 
methods  and  devise  ways  in  which  such  plants  could  be 
built  at  less  expense,  occupy  less  ground  area  and  cost  less 
to  operate. 

The  author's  conception  of  sewage  is  that  it  is  a 
relatively  large  volume  of  water  representing  the  used 
water  supply  of  a  city  containing  materials  which  cause  it 
to  be  a  menace  to  health  and  comfort.  In  passing  through 
the  households  of  the  city  the  water  picks  up  solids  of 
human  origin,  both  fecal  and  from  bath  water;  the  kitchen 
contributes  more  in  the  way  of  finely  divided  solids  washed 
down  the  sink,  grease,  etc.  The  streets  contribute  more 
through  manholes  and  occasional  downspout  water  con- 
taining grit,  leaves,  sand,  etc.  Then  in  unknown  ways 
there  is  always  a  mass  of  sohds  which  have  no  place  in  a 
sewer  but  seem  to  end  up  there.  In  the  author's  experi- 
ence this  has  gone  to  the  extreme  of  automobile  seats, 
5-gallon  gasoline  tins,  mattresses  and  other  objects. 

Some  of  these  ingredients  are  of  large  size,  others  are 
in  a  state  of  comminution  barely  visible  to  the  eye.  Sewage 
treatment  is  thus  essentially  a  problem  in  classification, 
removing  from  the  sewage  solids  of  various  types  by  the  best 
means  available  for  handling  those  solids  and  collecting 
them  into  separate  masses  for  final  disposition  in  a  manner 
most  effective  for  that  particular  mass. 

Roughly  sewage  contains  three  classes  of  solids:  first, 
garbage,  consisting  of  fruit  skins,  wood,  bottles,  rags, 
paper,  hair  and  other  objects  which  have  an  appreciable 
size  and  which  may  be  incinerated  or  disposed  of  without 
odour  and  which  on  the  other  hand  take  up  useful  room 
in  tanks;  second,  inert  soHds  such  as  grit,  sand,  coal  and 
other  material  which  is  not  a  nuisance  from  an  odour  stand- 
point; third,  organic  solids,  usually  of  human  fecal  origin, 
vegetable  solids  and  other  particles  of  small  size  which 
cannot  be  retained  long  in  the  neighbourhood  of  habitations 
without  causing  trouble  and  complaint. 

The  means  provided  for  removing  these  various  solids 
from  the  sewage  vary  materially  but  in  modern  plant 
practice  have  been  so  thoroughly  developed  that  it  is 
merely  a  matter  of  selecting  the  proper  sequence  of  units 
to  achieve  any  desired  degree  of  treatment. 

Selection  of  a  Method  of  Treatment 

The  selection  of  a  method  of  sewage  treatment,  and 
the  degree  of  refinement  to  which  such  treatment  must  be 
carried,  are  matters  of  extreme  import,ance.  They  must  be 
determined  after  careful  study  and  consideration  of  a 
number  of  factors  such  as  the  use  of  the  stream  into  which 
the  sewage  is  discharged,  the  effect  of  sewage  upon  the 
inhabitants  of  other  towns,  the  changes  in  population,  the 
effect  and  character  of  the  industrial  wastes  in  the  sewage, 
the  suitable  site  for  the  plant  having  regard  to  adjacent 
inhabitants  and  the  use  of  by-products  from  the  plant.  The 
degree  of  treatment  required  is  usually  determined  by  the 
officials  of  the  local  health  organization;  in  the  case  of 
Montreal  by  the  Provincial  Board  of  Health,  whose  duty 


it  is  to  protect  the  potable  streams  and  to  determine  the 
remedial  measures  that  may  be  used.  In  most  cases  the 
health  authorities  do  not  attempt  to  pass  on  the  relative 
merits  of  different  methods  unless  a  method  of  exper- 
imental type  or  doubtful  value  is  submitted.  The  decision 
as  to  the  method  to  be  used  is  usually  the  function  of  the 
municipal  engineer,  or  the  expert  consultant  engaged  to 
study  the  problem  and  design  the  proper  plant. 

At  this  point  it  is  proper  to  discuss  the  advantages  of 
having  a  recognized  expert  carry  out  this  important  work. 
It  is  true  that  there  are  numerous  books  which  describe 
the  sewage  treatment  processes  in  use.  Naturally  these 
works  are  always  somewhat  behind  the  times  and  the  art 
of  sewage  treatment  is  developing  so  rapidly  that  it  is 
difficult  even  for  one  who  spends  his  entire  life  in  contact 
with  it  to  keep  posted  in  all  the  new  methods  proposed. 
Therefore,  to  follow  a  textbook  blindly  and  design  a  plant 
on  the  basis  of  data  given  therein,  may,  it  is  true,  provide 
a  city  with  a  plant  which  will  operate,  but  does  not  give  the 
city  the  benefit  of  advanced  knowledge  in  the  reduction  of 
costs  and  increased  efficiencies.  Many  cities  place  the 
burden  of  design  of  sewage  plants  upon  their  city  engineer. 
However,  the  average  city  engineer  is  so  burdened  with  other 
duties  that  he  has  not  the  time  to  delve  into  the  mysteries 
of  sewage  treatment,  and  when  faced  with  the  design  of  a 
plant  which  embodies  biological,  bacterial,  chemical  and 
mechanical  factors  he  often  rehes  to  too  great  an  extent 
upon  the  proponents  of  methods  which  are  proprietary.  To 
obtain  the  maximum  benefits  of  economical  cost  and 
operation,  minimum  size  of  plant  and  maximum  efficiency 
requires  an  intelUgent  weighing  of  all  factors,  methods  and 
costs,  and  the  balancing  of  the  benefits  of  one  method 
against  another  as  well  as  the  disadvantages.  This  the 
speciaHst  in  sanitary  engineering  is  qualified  to  do.  He  has 
made  a  special  study  of  sewage  treatment,  the  basic  prin- 
ciples of  the  art,  the  constituents  of  sewage,  the  reactions 
of  that  material  to  various  bacterial,  biological  and  chem- 
ical processes  and  is  skilled  in  the  art  of  selecting  a  com- 
bination of  elements  which  will  so  treat  the  sewage  as  to 
achieve  the  desired  degree  of  treatment  with  the  end  of 
handing  over  to  the  city  a  properly  designed  plant  which 
has  been  built  and  can  be  operated  at  a  moderate  cost.  The 
speciaHst  is  usually  well  worth  his  fee  and  in  many  cases  can 
save  many  times  that  amount  for  his  clients.  While  the 
placement  of  the  responsibility  for  design  in  the  hands  of  the 
expert  is  the  best  way,  in  many  cases  there  are  men  em- 
ployed in  the  engineering  departments  of  the  large  cities 
who  have  had  training  in  sewage  treatment  and  can  design 
plants  embod.ying  modern  practices.  But,  even  in  such 
cases,  it  would  be  wise  for  the  city  to  call  in  a  qualified 
consultant  and  have  him  check  the  factors  embodied  in 
the  design. 

Sewage  treatment  in  its  earlier  phases  included 
provision  for  removing  sohds  from  sewage  by  hand  oper- 
ations, namely,  screens  were  hand  raked,  tanks  were 
cleaned  by  flushing  or  hand  shovelhng  or  squeegeeing, 
materials  were  carried  in  barrows  or  carts.  The  develop- 
ment of  satisfactory  electrical  equipment  has  perhaps  been 
the  most  important  factor  in  the  complete  mechanization 
of  sewage  treatment  works.  This  development  has  l)een 
so  great  and  the  mechanisms  provided  have  been  so 
generally  successful  and  satisfactory  that  today  engineer.-^ 
when  designing  a  plant  make  it  as  completely  mechanical 
and  automatic  as  possible. 
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Development  of  Methods  of  Treatment 
As  previously  stated  sewage  treatment  is  an  intelligent 
utilization  of  the  forces  of  nature,  biological  actions,  bac- 
teriological functions  and  chemical  combinations.  All  of 
these  factors  may  be  combined  in  the  design  of  a  single 
plant,  or  one  or  more  of  them  only  may  be  required  to  caii'v 
out  the  desired  end.  Modem  practic(>  has  not  reversed 
this  employment  of  nature's  functions  but  has  made  an 
attempt  to  assist  hor  in  the  performance  of  her  work. 

To  be  more  specific,  the  larger  solids  in  sewage  will 
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Fig.  1— Separate  Sludge  Digestion  Plant  4  m.g.d.,  Kitchener, 

Ontario. 

settle,  thus  employing' gravity,  a  natural  function;  others 
are  of  such  size  as  to  be  intercepted  by  a  bai-i'ier,  say  a 
screen,  another  natural  function.  Thus  in  the  average 
plant  old  or  new,  a  bar  rack  or  screen  with  openings  of 
from  one-half  inch  to  two  inches  is  the  first  unit  in  the 
plant,  put  there  for  the  sole  purpose  of  intercepting  such 
soHds  as  will  be  caught  by  the  bars.  The  sohds  thus 
retrieved  may  be  incinerated  or  burned,  and  as  these 
soUds  in  many  cases  are  of  a  Hght  nature  and  float  on  the 
surfaces  of  streams  it  is  usually  considered  necessary  to 
remove  them  even  when  further  treatment  is  not  required. 

The  grit,  sand  and  such  inert  solids  in  sewage  may  also 
be  readily  removed.  They  are  usually  of  a  higher  specific 
gravity  than  water,  therefore  if  the  velocity  of  flow  is 
reduced  to  a  certain  point  these  particles  will  settle  out 
and  may  be  removed.  This  material  may  in  many  cases 
be  removed  from  the  plant  and  used  as  fill,  especially  if 
one  of  the  modern  types  of  grit  chamber  is  used,  wherein 
the  organic  material  in  the  grit  is  removed  from  it. 

The  organic  solids  in  the  sewage  are  the  most  difficult 
to  remove  due  both  to  their  inveterate  tendency  to  de- 
compose and  cause  odours  and  also  to  their  size.  They 
i-equire  a  combination  of  natural  forces  and  possibly  some 
chemical  means  to  remove  them.  The  bulk  of  these  solids 
are  of  a  higher  specific  gravity  than  water  and  the  usual 
way  to  trap  them  is  to  provide  a  tank,  which  in  reality 
is  simply  an  enlargement  of  the  sewer,  where  the  velocity 
of  flow  will  be  so  reduced  as  to  allow  a  downward  tendency 
to  the  solids  instead  of  being  carried  along  in  a  vertical 
plane.  However,  the  very  fine  solids  and  many  which  are 
in  solution  cannot  be  effectively  removed  by  plain  sedimen- 
tation and  the  practice  of  late  has  been  to  intensify  this 
tendency  to  settle  by  the  addition  of  chemical  coagulants 
to  the  sewage,  which  tend  to  agglomerate  the  particles  into 
floes  or  largc'r  particles,  which  then  have  a  tendency  to 
settle.  There  are  several  ways  of  doing  this,  but  due  to  the 
cost  of  some  it  pays  to  make  a  careful  study  of  all  before 
any  steps  are  taken.  This  addition  of  chemicals  may  also 
l)e  canied  too  far  from  the  standpoint  of  futuie  handling  of 
I  he  solids  so  precipitated,  but  means  n\v  available  wlu'rel)y 
the    niMxiniuin    piecipitatiou    may    l)e    ()l)t:iine(i    without 


affecting  the  ability  to  handle  the  solids  by  l)iological  means. 

The  solids  which  are  caught  in  settling  tanks  are 
known  as  "sludge."  They  are  in  a  condition  amenable  to 
I'apid  decomposition  and  thus  cannot  be  held  at  the  plant 
for  long  periods  without  the  possibility  of  odour.  This  has 
always  been  a  recognized  fact  and  even  in  the  earliest  plants 
provision  was  made  for  allowing  these  solids  to  undergo 
the  natural  function  of  decomposition  which  is  a  bacterial 
breakdown  of  the  solids  into  inert  components  l)ut  which 
in  the  process  of  breakdown  may  produce  disagreeable 
odours.  On  the  other  hand  intelhgent  control  of  this 
process  of  breakdown  shows  that  better  results  can  be 
obtained  with  no  odours.  This  is  simply  an  understanding 
of  the  basic  principles  and  the  employment  of  bacteria  of 
one  type  instead  of  those  of  another. 

The  first  unit  for  this  purpose  was  known  as  the 
septic  tank  in  which  the  collection  of  the  solids  and  their 
decomposition  was  carried  out  in  the  same  tank,  no  sludge 
being  transferred;  this,  however,  has  practically  passed  out 
of  use  except  for  plants  for  individual  houses  and  vei'y 
small  groups.  It  had  many  disadvantages,  one  of  which 
was  that  the  solids  piled  up  in  the  tank  and  eventually 
the  effluent  from  it  became  worse  than  the  raw  sewage 
going  in,  as  the  velocity  of  flow  through  the  tank,  due  to 
the  accumulation  of  solids,  was  greater  after  a  period  of 
operation  than  when  the   tank  was  first  put  into  operation. 

Study  of  the  faults  of  this  operation  led  to  the  invention 
of  the  Travis  tank  in  England,  and  its  later  successor,  the 
Imhoff  tank  of  Germany,  which  recognized  the  basic 
difficulties  of  endeavouring  to  do  two  operations  of  a 
different  nature  in  the  same  unit.  Both  of  these  tanks 
provided  an  upper  compartment  in  which  the  solids  were 
removed  from  the  sewage  by  settling;  these  solids  then 
passed  into  the  lower  or  digestion  compartment  and  wei'c 
allowed  to  undergo  their  natural  function  of  decomposition. 
These  were  decided  improvements,  but  due  to  the  super- 
imposition  of  the  settling  tank  upon  the  digestion  com- 
partment and  the  fact  that  the  flow  line  of  the  average 
sewer  at  the  plant  was  several  feet  below  the  ground  these 
tanks  had  to  be  very  deep,  and  in  cases  where  wet  or  rocky 
ground  was  encountered  they  were  expensive  to  builcl. 
Many  thousands  have  been  built,  but  they  still  had  faults. 
Frequently  they  "foamed,"  that  is,  upheaved  digesting 
solids  over  the  top.  The  gas,  which  is  a  by-product  of  the 
digestion  process,  was  discharged  into  the  air  and  frequently 
resulted  in  odours  in  the  vicinity  of  the  plant.  Finally, 
perhaps  first  at  Birmingham,  England,  there  was  developed 
the  "separate  sludge  digestion"  process,  which  simply 
meant  that  instead  of  trying  to  carry  out  the  two  functions 
of  settling  and  digestion  in  the  same  tank,  a  separate  tank 
was  provided  fo-r  each  step.  This  was  a  material  improve- 
ment, as  it  eliminated  from  the  settling  tank  the  disturb- 
ance of  quiescent  settling  due  to  uprising  gas  bubbles  and 
it  allowed  manipulation  of  the  digestion  tank's  contents  to 
produce  moi-e  definitely  satisfactory  results.  This  type  of 
tank  was  also  less  costly  to  build  as  it  could  be  made 
i-elatively  shallow  and  placed  above  ground  if  necessary. 

The  Digestion  Process 
Studies  on  this  type  of  tank  and  the  basic  reactions 
that  went  on  showed  that  they  had  the  same  tendency  to 
foam  and  create  odour  that  the  earlier  types  had.  A  study 
of  the  bacterial  reactions  indicated  that  this  was  caused 
only  when  acid  conditions  existed  in  the  decomposing  mass 
in  the  tanks.  Experiments  with  reagents  changing  the 
mass  to  an  alkaline  condition  gave  an  immediate  improve- 
ment in  the  operation,  no  foaming,  no  odours  and  the 
production  of  a  large  volume  of  gas.  In  the  acid  stage  of 
decomposition  gas  is  produced  but  it  is  highly  charged  with 
liydrogen  sulpliide  which  has  an  offensive  odour.  The 
gas  produc(>d  by  the  alkaline  digestion  contains  a  large 
(|uantity  of  methane  and  does  not  have  a  (hsagreeable 
odour.  In  fact  it  has  so  little  odour  that  in  Germany, 
when  sewage  gas  is  utilized,  the  law  requires  the  addition 
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of  mercaptans  to  add  odour  to  facilitate  the  detection  of 
an  escape  of  gas. 

A  small  scale  plant  using  this  separate  system  was  built 
at  Rochester,  N.Y.,  in  1921  and  there  the  advantages  of 
the  alkaline  digestion  were  developed.  It  was  noticed, 
as  had  been  the  experience  elsewhere,  that  in  the  cold 
months  the  sludge  digestion  tanks  acted  as  storage  tanks 
and  very  httle  bacterial  action  went  on  until  the  tank 
contents  warmed  up  in  the  spring.  This  led  to  the  belief 
that  if  the  tank  contents  could  be  heated  the  destructive 
action  of  the  bacteria  could  be  maintained  throughout  the 
year,  and  therefore  if  the  digestion  process  could  be  made 
continuous  tank  sizes  could  be  reduced  and  plant  cost  cut 
down.  However,  the  expense  of  heating  large  tanks, 
sometimes  reaching  100  feet  in  diameter  and  30  feet  deep, 
seemed  an  insurmountable  obstacle  until  it  was  found  that 
the  natural  process  of  digestion  produced  a  very  appreciable 
amount  of  combustible  gas.  Observation  ot  the  amount 
of  this  gas  showed  that  it  was  sufficient  to  provide  all  the 
heat  needed  to  heat  the  tanks  under  all  climatic  conditions. 
Further  observation  showed  that  this  gas  runs  normally 
about  74  per  cent  methane  and  consequently  has  a  heat 
value  of  over  600  B.t.u.  per  cubic  foot,  and  operating  con- 
ditions have  since  shown  that  the  production  of  this  gas, 
when  the  tanks  are  kept  heated,  is  sufficient  not  only  to 
maintain  the  heat  required  in  the  tanks  but  also  to  provide 
a  source  of  power.  Checks  on  operating  plants  have  shown 
an  average  of  gas  production  of  one  cubic  foot  per  capita 
per  day  when  heated  digesters  are  used. 

The  best  temperature  at  which  to  maintain  a  rapid 
digestion  cycle  is  between  80  and  90  degrees  F.  Exper- 
iments have  been  made  at  120  degrees  F.  and  higher 
("thermophilic"  digestion),  but  due  to  the  difficulties  of 
maintaining  this  temperature,  the  caking  qualities  of  the 
sludge  on  heating  coils  and  the  fact  that  if  the  temperature 
fails  the  bacteria  which  work  best  at  the  thermophilic  range 
do  not  live  in  the  lower  ranges,  it  is  difficult  to  assure  con- 
tinuous action.  The  result  of  this  work  on  heated,  closed 
and  entirely  separate  digestion  tanks  has  been  so  successful 
that  few  plants  now  are  built  without  them  and  the  boards 
of  health  of  various  states  have  allowed  material  reductions 
in  the  sizes  of  digestion  tanks  required. 


Fig.  2— Activated  Sludge  Plant,  Guelph,  Ontario. 

Another  development  of  the  digestion  cycle  was  the 
feeUng  that  there  must  be  some  means  of  causing  contact 
between  the  digesting  masses  of  organic  solids  in  the 
digestion  tank  and  the  mass  of  fresh  solids  being  added 
daily.  This  was  first  done  by  means  of  a  rotating  mechanism 
which  stirred  the  bottom  sludge  and  broke  down  the  scum 
which  collected  at  the  surface,  and  numerous  tanks  are 
in  operation  using  this  type  of  digester  mechanism.  Later 
types  consisted  of  a  rapidly  moving  propeller  at  the  top 
of  the  tank  to  keep  the  tank  contents  in  motion;  other 
means  have  been  the  provision  of  a  pump  outside  the  tank 


to  pump  the  sludge  from  the  bottom  of  tin;  digester  to  the 
top.  It  is  now  recognized  that  some  means  of  maintaining 
this  intimate  contact  between  the  actively  digesting  mass 
and  the  fresh  mass  is  essential. 

A  recent  development  embodies  the  two-stage  prin- 
ciple of  digestion,  that  is,  a  series  of  two  tanks,  the  first 
equipped  for  high  speed  agitation  for  the  purpose  of 
breaking  down  the  solids  rapidly,  with  the  result  that  90 
per  cent  of  the  total  possible  gas  is  produced  in  from  ten 
to  twelve  days  instead  of  the  normal  twenty  to  thirty  days 
by  the  single  tank  method.  After  this  initial  high  speijd 
phase  the  sludge  automatically  passes  to  the  second  or 
finishing  stage  in  a  tank  in  which  there  is  no  agitation,  but 
which  is  provided  with  a  gas  holder  which  collects  the  gas 
produced  in  both  the  first  and  second  or  completion  stage. 
The  effect  of  this  system  is  to  reduce  the  size  of  the  tanks, 
thus  cutting  the  cost  of  the  plant,  and  to  i«-ovidc  a  larger 
volume  of  gas  which  may  be  used  for  j)owei-  genei'ation. 

Utilization  of  Gas 

Reference  has  been  made  to  the  use  of  the  gas  derived 
from  sewage  sludge  as  a  means  of  providing  heat  for  the 
digesters.  Early  work  on  this  showed  that  there  was  always 
an  excess  of  gas  over  and  above  that  needed  for  heat  and 
that  a  considerable  quantity  was  being  wasted.  Conse- 
quently studies  were  made  of  the  feasibility  of  its  use  for 
power  production.  The  first  attempts  along  this  line  were 
to  use  the  ordinary  type  of  gasoline  engine  but  this  w'as 
not  found  satisfactory.  Sewage  gas  is  a  high  temperature 
gas  and  contains  some  hydrogen  sulphide  so  that  the  valves 
of  an  engine  of  the  automobile  type  will  not  stand  up.  The 
most  satisfactory  type  of  engine  is  that  built  for  use  with 
natural  gas,  the  nearest  to  sewage  gas  in  its  general  con- 
stituents, and  a  number  of  these  have  been  operating  with 
success  in  this  country.  The  gas  from  the  digester,  or  from 
the  gasometer,  is  conducted  to  the  intake  of  the  gas  engine, 
with  or  without  scrubbing.  The  coohng  water  from  the 
engine  after  passing  through  an  exhaust  heater  is  used  as 
circulating  water  in  the  heating  coils  of  the  digester  and 
contains  sufficient  heat  for  the  maintenance  of  satisfactory 
digestion.  It  has  been  found  that  from  15  to  20  cubic  feet 
of  sewage  gas,  depending  upon  the  B.t.u.  value  and  the 
type  of  engine,  will  produce  one  horse  power  hour,  and  when 
it  is  considered  that  the  production  of  gas  is  averaging  one 
cubic  foot  per  capita  per  day  it  can  readily  be  computed 
that  for  every  twenty  of  the  population  connected  to  a 
sewage  plant,  an  output  of  one  horse  power  hour  of  electrical 
current  is  possible. 

Where  electric  current  is  costly  the  development  of 
power  from  gas  reduces  the  cost  of  plant  operation  and 
many  of  the  modern  plants  are  employing  the  gas  in  this 
way.  In  Germany  and  England  the  author  saw  a  number 
of  plants  which  had  been  employing  gas  for  power  for  long 
periods,  and  although  the  types  of  engines  used  varied  the 
average  results  were  very  much  the  same. 

In  several  cases,  where  electrical  energy  is  cheap,  it 
has  been  found  expedient  to  purchase  current  and  to  sell 
the  gas  to  the  local  gas  company  for  mixing  with  their 
supply.  In  this  way  a  revenue  is  provided  which  will  offset 
some  of  the  operating  costs  of  the  plant.  As  sewage  gas 
averages  650  B.t.u.  per  cubic  foot  and  the  illuminating  gas 
generally  supplied  by  a  utility  company  averages  525 
B.t.u.  per  cubic  foot,  it  is  evident  that  the  sale  of  gas  should 
be  on  a  basis  of  B.t.u.  value  rather  than  so  much  per  cubic 
foot.  The  city  of  Baltimore,  for  example,  is  arranging  to 
sell  its  gas  to  the  local  gas  company  and  several  other  large 
cities  are  also  considering  similar  propositions.  In  Ger- 
many it  is  often  sold  to  gas  companies  while  in  one  plant 
the  gas  is  bottled  in  cylinders  under  pressure  and  sold  to 
small  users. 

Secondauy  Treatment  of  Effluent 

The  final  treatment  of  the  liquid  effluent  is  the  factor 
which  affects  public  health  to  the  greatest  extent.     The 
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handling  of  the  sludge  has  always  been  the  most  trouble- 
some end  of  the  work  but  in  general  this  does  not  affect 
the  health  of  adjoining  communities;  it  is  more  apt  to  be 
a  source  of  nuisance  to  the  plant  operators  and  the  citizens 
of  the  locality  in  which  the  plant  is  located.  The  reduction 
of  the  constituents  of  the  residual  effluent  to  a  condition 
where  they  will  not  cause  sludge  banks  in  the  stream,  or 
reduce  the  oxygen  content  to  a  point  where  the  stream  is 
rendered  useless  for  recreational  or  domestic  use,  is  an 
entirely  different  phase,  and  is  known  as  secondary 
treatment. 

Methods  of  secondary  treatment  have,  like  the  general 
elements,  run  the  gamut  of  wide  change  and  experimenta- 
tion. The  desire  has  always  been  to  achieve  the  required 
results  with  the  minimum  of  time  and  space  requirements. 
The  increasing  knowledge  of  bacteriology  and  biological 
processes  and  the  use  of  chemicals  has  changed  this  picture 
materially  from  the  old  basis.  In  the  early  days  it  was 
found  that  the  oxidation,  which  is  the  step  required  to 
stabilize  the  organic  solids  in  solution  to  a  point  where  they 
will  not  further  decompose  or  deplete  the  oxygen  in  the 
stream,  could  be  obtained  in  several  ways  which  normally 
combined  keeping  the  sewage  in  contact  with  the  air  and 
at  the  same  time  providing  a  medium  for  the  culture  of 
aerobic  bacterial  growths  which  broke  down  the  organic 
organisms.  Other  forms  of  anaerobic  treatment  were  found 
effective.  The  first  form  employed  a  bed  of  sand  over 
which  the  sewage  was  allowed  to  flow  and  through  which 
it  percolated  to  the  underdrain  system.  The  objection  to 
this  system,  except  for  very  small  places,  was  that  the 
large  areas  required  made  it  an  expensive  process.  The 
average  allowance  for  sand  filter  beds  on  sewage  is  150,000 
gallons  per  acre  per  day.  As  that  was  out  of  the  question 
for  large  cities,  investigations  made  on  other  means  of 
oxidation  developed  the  contact  bed,  which  consists  of  a 
concrete  tank,  perhaps  5  to  6  feet  deep,  filled  with  broken 
stone.  The  sewage  is  allowed  to  fill  up  to  within  six  inches 
of  the  surface  of  the  stone,  and  lie  dormant  for  two  hours, 
during  which  period  the  anaerobic  bacteria  operate  on  the 
organic  matter,  after  which  the  sewage  is  released.  The 
average  rate  of  application  to  this  type  of  filter  is  around 
400,000  gallons  per  acre  per  day.  This  was  better  but  still 
not  good  enough  for  large  installations. 


Fig.  3 — 240  m.g.d.  Addition  to  Calumet  Activated  Sludge 
Plant,  Chicago. 

Further  experiment  led  to  the  development  of  the 
aerobic  type  of  filter  consisting  of  a  heap  of  stone  6  to  8 
feet  deep.  The  sewage  is  sprayed  over  this  by  fixed  sprinkler 
nozzles  oi-  revolving  distril)utoi-s,  and  allowed  to  trickle 
through  to  the  bottom,  the  aerobic  bacteria,  clustered  in  a 
form  of  jelly  on  the  stones  of  the  bed,  destroying  the 
oiganic  matter  as  the  sewage  passes.  This  fonn  of  bed 
is  very  effective,  and  the  rates  of  application  are  much 
higher  than  the  other  types,  the  usual  maximum  allowed  by 


boards  of  health  being  300,000  gallons  per  day  per  acre  per 
foot  of  depth;  in  other  words  a  bed  one  acre  in  extent  with 
an  average  depth  of  6  feet  is  capable  of  treating  1,800,000 
gallons  of  sewage  per  day.  This  development  assisted 
materially  in  the  building  of  plants  for  large  cities. 

However,  when  it  came  to  the  plants  for  the  largest 
cities,  there  was  still  a  need  for  some  method  of  treatment 
that  would  require  a  still  smaller  area,  in  order  to  be  able 
to  locate  these  plants  within  a  moderate  distance  of  the 


Fig.  4 — Activated  Sludge  Plant  for  123  m.g.d.,  Cleveland,  Ohio. 

city  at  a  reasonable  cost.  Developments  begun  at  the 
Lawrence  Experiment  Station  in  Massachusetts  and  also 
carried  on  in  England,  demonstrated  the  possibihty  of 
oxidizing  by  the  direct  apphcation  of  oxygen,  air  being 
blown  through  the  sewage  mass  as  it  passed  slowly  through 
the  tanks.  It  was  found  that  if  this  operation  could  be 
carried  on  in  the  presence  of  active  bacteria  that  still  more 
successful  results  were  obtained.  This  became  known  as 
the  "activated  sludge"  method  and  until  recently  has  been 
the  method  generally  used  for  the  largest  cities,  enabhng 
them  to  construct  plants  of  large  capacity,  in  many  cases 
within  the  city  boundaries,  as  for  example  in  Milwaukee, 
Chicago,  New  York. 

For  some  years  it  has  been  known  that  there  was  a 
need  for  some  flexible  method  of  treatment  between  the 
mere  removal  of  coarse  solids  followed  by  sedimentation, 
and  complete  treatment  by  one  of  the  accepted  methods  of 
oxidation.  The  oxidation  processes  are  not  flexible  and 
when  operated  to  their  highest  degree  of  efficiency  produce 
an  effluent  which  in  many  cases  is  of  a  better  quahty  than 
needed,  and  when  these  processes  are  not  operated  as  they 
.should  be,  the  results  are  poor.  As  every  degree  of  refine- 
ment in  treatment  costs  money,  the  system  which  will 
allow  an  adjustment  of  the  degree  of  treatment  to  meet  the 
needs  of  the  case,  will  provide  sufficient  rehef  in  many 
cases;  and  if  this  treatment  may  be  increased  in  efficiency 
at  will  it  is  so  much  the  better.  In  order  to  obtain  this, 
much  work  has  been  done,  especially  in  the  past  five  years, 
on  the  addition  of  chemicals,  in  combination  with  some  of 
the  other  methods,  to  achieve  a  greater  removal  of  soUds, 
both  suspended  and  dissolved,  and  produce  an  effluent 
which  would  be  suitable  in  a  great  majority  of  the  cases 
for  discharge  into  a  stream.  This  has  led  to  the  develop- 
ment of  several  methods,  some  of  them  proprietary  and 
some  a  combination  of  accepted  known  methods.  Several 
of  these  methods  have  shown  the  possibility  of  building 
a  plant  in  which  the  efficiency  may  be  regulated  to  suit 
seasonal  conditions,  and  which  will  be  adjustable  to  varying 
loads  or  sudden  influxes  of  solids.  Most  of  them  embody 
the  use  of  several  chemicals  to  precipitate  the  sohds  and 
additional  chemicals  to  facihtate  the  dewatering  and  rapid 
handling  of  the  sludge.  There  is  not  space  to  discuss  all 
of  these  methods,  but  at  the  present  time  several  plants 
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of  one  type  are  in  operation  at  Dearborn,  Michigan,  a  lai'ge 
scale  demonstration  has  been  made  at  Chicago  on  another, 
and  a  still  larger  experiment  at  Atlanta  on  a  third.  A  full 
scale  plant  at  Birmingham,  Alabama,  has  been  in  operation 
since  early  this  year  employing  a  combination  of  chemical 
precipitation  with  biological  processes  with  an  extremely 
satisfactory  result.  This  plant  employs  only  one  chemical 
and  has  been  able  to  show  very  high  removals  of  suspended 
solids,  total  bacteria  and  reduction  of  biochemical  oxygen 
demand  at  an  expense  averaging  less  than  $6.00  per  million 
gallons,  omitting  interest  on  investment  and  amortization 
of  principal.  This  plant  is  so  flexible  that  it  may  be  operated 
in  any  one  of  six  different  ways  to  obtain  varying  results 
as  the  seasonal  demands  require.  New  York  city  is  about 
ready  to  take  bids  on  the  first  units  of  a  chemical  precipita- 
tion plant  which  will  have  an  ultimate  capacity  of  140 
million  gallons  per  day  which  will  utilize  chemical  precipita- 
tion in  the  summer  and  primary  treatment  in  the  wintei- 
months.  The  main  objective  in  these  studies  is  to  reduce 
the  initial  plant  cost  and  the  operating  costs.  Practically 
every  one  of  these  chemical  processes  will  reduce  the  first 
cost,  but  in  some  the  cost  of  operation,  due  to  the  com- 
plexity of  chemical  dosage,  runs  higher  than  in  some  of 
the  older  oxidation  processes. 

Disposal  of  the  Sludge 
Sludge,  which  is  the  solid  residue  from  any  type  of  plant, 
is  the  greatest  problem  of  all.  This  material,  running  in 
volume  from  approximately  1,800  gallons  per  day  for  prim- 
ary treatment,  with  a  moisture  content  of  94  per  cent,  to 
15,000  gallons  per  day  for  activated  sludge  plants  with  a 
moisture  of  98  per  cent,  presents  a  problem  because  of  its 
tendency  to  decompose  and  cause  odours.  Digestion  of 
these  sludges,  with  control  ot  the  pH  value  and  temperature 
can  be  effected  satisfactorily,  but  as  the  ultimate  residue 
of  the  digestion  is  a  mass  of  relatively  inert  but  wet  material 
averaging  50  per  cent  of  the  original  mass,  there  is  still  the 
problem  of  final  disposal.     Much  thought  has  been  given 
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to  a  further  reduction  in  the  moisture  content  of  the  di- 
gested sludge  and  this  has  led  to  the  employment  of  the 
vacuum  type  of  filter.  This  filter,  which  has  been  used 
in  the  metallurgical  and  other  fields,  provides  a  rapid 
means  of  withdrawing  the  moisture  from  mixtures  of 
solids  and  liquids  by  a  high  vacuum  and  delivering  the 
material  in  the  form  of  a  cake.  For  digested  sludge  these 
units  have  proved  their  ability  to  handle  the  material  in 
a  small  area  and  at  a  low  cost,  delivering  a  sludge  of  around 
75  per  cent  moisture  which  is  in  a  suitable  condition  to  be 
hauled   away   and  used   as  a  fertilizer.     In  some  of  the 


activatetl  sludge  plants  the  wet  sludge  has  been  applied 
to  the  vacuum  filters  direct  but  subsequent  drying  by  heat 
has  been  found  necessary  to  put  the  sludge  in  a  condition 
for  final  disposal.  The  digestion  of  the  activated  sludge 
excess  combined  with  the  raw  sludge  from  the  primary 
settling  tanks  has  proved  to  l)e  an  economical  stej),  reducing 
the  amount  of  niatei'ial  to  be  filtered  and  consequently 
reducing  the  amount  of  conditioning  chemical  to  be  added 
to  the  sludge.     A  fuither  step  has  been  recently  developed 


Fig.  6 —Fine  Screening  Plant,  Los  Angeles,  Calif. 

at  Baltimore,  in  experiments  with  "elutriation"  or  washing 
of  the  sludge  to  remove  from  it  some  of  the  fine  particles. 
This  has  resulted  in  increased  capacities  of  filters,  with 
a  higher  rate  of  application,  a  reduced  chemical  dosage  and 
consequently  a  lowered  cost  all  around,  all  leading  in  the 
end  to  complete  plants  in  a  small  space  at  less  cost. 

The  earliest  method  of  disposing  of  sewage  sludge  was 
to  discharge  it  into  lagoons  where  it  dried  as  it  could.  This 
was  a  noisome  operation  and  soon  reached  its  limit.  The 
next  step  was  the  discharge  of  the  sludge  on  to  sand  drying- 
beds,  but  here  the  sludge  was  subject  to  the  weather  and 
dried  irregularly.  These  beds  ordinarily  occupied  a  space 
of  one  square  foot  per  capita  served,  which  in  a  large  plant 
meant  a  large  area.  To  overcome  this  difficulty  and 
provide  a  bed  that  would  not  be  delayed  by  wet  weather, 
glass  covers  of  the  greenhouse  type  have  been  adopted  in 
recent  years.  This  allowed  these  beds  to  be  built  on  the 
basis  of  one-half  square  foot  per  capita,  but  this  halving 
of  the  size  did  not  halve  the  cost,  as  the  extra  cost  of  the 
covered  bed  more  than  made  up  the  difference.  However, 
by  retaining  the  sludge  under  cover  it  was  found  that  the 
beds  could  be  located  closer  to  built-up  districts,  and  the 
people  did  not  seem  to  object  to  them,  perhaps  for  the 
reason  that  a  greenhouse  being  associated  with  flowers  and 
pleasant  smells  made  them  forget  that  sewage  had  any 
odour. 

The  relative  costs  for  construction  and  operation  of 
five  methods  of  sludge  disposal  are  shown  in  Fig.  5. 

The  extent  to  which  sewage  treatment  should  be  carried 
is,  as  previously  stated,  a  matter  for  serious  study  with  a 
knowledge  of  all  conditions,  and  consideration  will  now  be 
given  to  the  various  accepted  methods  and  the  results  that 
may  be  anticipated. 

The  removal  of  coarse  solids  by  bar  screens  is  not  con- 
sidered a  method  in  itself,  but  is  usually  the  primary 
element  in  all  plants.  With  bars  spaced  one  inch  apart  a 
bar  screen  may  be  expected  to  remove  between  2  and  4 
cubic  feet  of  material  per  million  gallons  of  sewage.  If 
equipped  with  mechanical  means  for  removing  the  solids 
caught  on  the  bars  and  with  provision  for  operating  the 
cleaning  mechanism  when  accumulations  have  been  built 
up  on  the  bars,  screen  operation  is  simple  and  fool  proof. 

Where  the  removal  of  visible  solids  is  the  main  con- 
sideration, fine  screens  should  be  used.  A  fine  screen  is  a 
revolving  drum  or  a  rotating  disc  covered  with  plates  ■\\hich 
have  openings  or  slots  in  them  ranging  in  width  from  i^^to 
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^  of  an  inch  depending  on  the  amount  of  material  to  be 
removed.  Figure  6  shows  a  fine-screening  plant  at  Los 
Angeles,  California,  having  a  capacity  of  150  million  gallons 
per  day  and  using  five  screens  14  feet  in  diameter  by  12 
feet  long,  with  -^  inch  by  2  inch  slots.  The  fine  screen 
recognizes  size  alone  and  will  not  remove  very  fine  solids 
or  solids  in  solution.  It  cannot  be  considered  a  complete 
treatment  and  removes  normally  between  10  and  15  per 
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Fig.  7 — Typical  Sewage  Treatment  Flow  Sheets. 

cent  of  the  total  suspended  solids  in  the  sewage.  These 
solids  may  be  incinerated  and  disposed  of  with  little  effoil. 
Where  a  higher  removal  of  the  finer  soMds  is  required 
it  is  common  practice  to  utihze  sedimentation  tanks,  with 
from  one  hour  minimum  time  of  detention  to  four  hours 
maximum,  an  average  of  two  hours  being  accepted  by  most 
engineers  as  satisfactory.  An  efficient  modern  sedimenta- 
tion tank  will  remove  from  60  to  70  per  cent  of  the  total 
suspended  soUds  in  two  hours  when  equipped  with  modern 
methods  for  collecting  and  removing  the  sludge  so  that  the 
volume  of  the  tank  is  always  maintained  at  its  maximum. 

Treatment  Varie>s  With  Requipements 

In  many  places  a  bar  screen  and  a  sedimentation  unit 
will  accomplish  the  desired  result  at  a  moderate  cost. 
Chemical  precipitation  may  be  apphed  to  the  sedimentation 
unit  and  this  will  increase  the  percentage  of 
removal  to  90  per  cent  or  more,  thus  making 
this  method  applicable  to  a  great  majority  of 
cases. 

Where  a  high  degree  of  purity  is  required 
for  effluents  to  be  discharged  into  streams  used 
as  the  source  of  potable  supplies  for  other 
cities,  one  of  the  accepted  methods  of  oxida- 
t'on  may  be  employed,  such  as  trickling  filters, 
cither  of  the  fixed  nozzle  or  revolving  distrilni- 
tor  type,  or  activated  sludge. 

The  various  combinations  that  may  be 
made  are  shown  diagrammatically  in  Fig.  7, 
while  Fig.  8  shows  the  comparative  results  to 
be  obtained,  from  the  standpoint  of  removal 
of  suspended  solids,  together  with  the  relative 
initial  cost  per  million  gallons  of  treatment 
for  ])lants  averaging  10  million  gallons  per  day 
(the  sewage  of  about  100,000  people),  also  the 
amount  of  land  required. 

In  the  author's  opinion  the  work  done  by  sewage 
plants  should  be  the  criterion  of  cost  of  treatment.  For 
instance,  a  fine  screening  plant,  which  will  remove  15  per 
cent   of   the   suspended   solids   and    costs   approximately 


$10,000  per  milHon  gallons  for  installation  shows  a  cost  per 
part  per  million  removed  of  .fOGG  whereas  a  plant  comprising 
sedimentation  and  sludge  digestion  for  the  same  volume, 
which  will  cost  .130,000  per  million  gallons  and  will  remove 
say  60  per  cent  of  the  suspended  solids  shows  a  cost  per 
part  per  million  removed  of  $500.  As  the  percentage  of 
removal  of  solids  is  the  index  of  completeness  of  any  given 
method  it  would  seem  logical  that  the  method  which 
removed  the  highest  percentage  of  these  solids  at  the 
lowest  cost  per  part  per  million  removed  is  the  most  eco- 
nomical system  to  adopt.  In  any  given  case  these  questions 
must  be  decided  on  their  individual  merits  and  with  due 
regard  to  all  local  conditions. 

Today  the  modern  sewage  treatment  plant  consists 
of  a  series  of  mechanical  units  so  related  to  each  other  that 
the  functions  are  performed  continuously  and  with  the 
least  manual  attention.  The  adoption  of  mechanical  units 
has  made  efficiency  of  plant  operation  an  essential.  To 
instill  in  the  minds  of  the  plant  operator  the  importance  of 
his  job  the  vaiious  sewage  works  associations  in  the  United 
States,  England  and  Canada  all  have  as  their  basic  object 
the  encouragement  of  the  operator  to  have  pride  in  his 
plant,  and  make  it  operate  as  it  was  designed  to  do. 

In  the  older  plants  the  idea  was  that  as  sewage  was 
an  outcast  product,  the  only  place  to  put  the  plant  was  as 
far  away  from  the  residents  of  the  town  producing  it  as 
possible,  and  there  was  a  concurrent  idea  that  "sewage 
must  smell"  so  why  worry  about  it  if  the  plant  was 
odorous.  It  is  now  reahzed  that  this  idea  was  wrong,  as 
with  the  advancement  of  modern  methods  sewage  is  as 
much  a  naatter  of  municipal  concern  as  water  supply, 
garbage  collection  or  other  municipal  activity  and  must  be 
handled  in  a  manner  to  give  the  least  offence.  The  im- 
provement in  the  architectural  design  of  the  sewage  plant, 
and  the  development  of  methods  of  treatment  to  the  point 
where  plants  may  be  odourless,  have  made  it  possible  to 
place  the  plants  in  the  most  suitable  location,  namely 
where  the  sewage  drains  best  by  gravity,  whether  that  be 
in  the  centre  of  the  city  or  on  the  outskirts.  That  this  has 
been  done  successfully  is  evidenced  by  the  illustrations  of 
some  of  the  modern  plants  reproduced  in  this  paper. 

Sewage  treatment  must  be  looked  on  as  a  science. 
When  a  city  is  faced  with  a  problem  involving  so  much  in 
the  way  of  municipal  economy,  continuity  of  efficiency 
and  the  maintenance  of  public  health,  the  best  interests  of 
its  own  citizens  and  its  neighbours  justify  thorough  in- 
vestigation and  the  employment  of  the  best  advice.     The 
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Fig.  8 — Degrees  of  Sewage  Treatment  with  Cost  and  Area  Required. 

object  is  to  provide  the  most  suitable  plant  for  the  con- 
ditions, at  the  least  cost  consistent  with  modern  construc- 
tion and  complete  usefulness  to  tlie  end  of  the  jieriod  of 
expected  life  of  the  structures. 
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Testing  of  Aircraft  Fuels 

M.  S.  Kuhring, 

Engine  Test  Laboratory,  Division  of  Physics  and  Engineering,  National  Research  Council,  Ottawa,  Ont. 

Paper  presented  before  the  Ottawa  Branch  of  The  Engineering  Institute  of  Canada. 

SUMMARY — The  quality  of  gasoline  for  aircraft  use  is  determined  by  tests  for  colour,  gum,  sulphur,  vapour  lock  and  freezing  point,  as  well  as  by 
fractional  distillation,  which  gives  its  characteristics  as  regards  starting,  acceleration,  distribution  and  crank-case  dilution.  These  tests  are  described  and 
the  paper  concludes  with  a  discussion  of  knock-testing  and  the  determination  of  the  octane  number  of  a  given  fuel. 


It  is  the  intention  of  this  paper  to  describe  the  various 
tests  which  are  imposed  on  fuels  to  prove  them  satisfactory 
for  use  in  aircraft  engines.  Perhaps  the  most  important 
question  is  not  how  the  test  is  conducted,  but  rather  why 
it  is  done.  If  this  is  not  kept  in  view,  the  test  then  becomes 
purely  routine. 

The  tests  which  are  carried  out  are  of  two  general 
classifications:  (a)  laboratory  tests;  (b)  road  or  service 
tests.  The  laboratory  tests  include  development  and 
routine  work,  while  the  service  tests  give  what  might  be 
termed  "full  scale"  results,  showing  the  effect  on  the  actual 
operation  of  the  engine  for  which  the  fuel  is  intended. 

Fuel  specifications  are  as  numerous  as  the  wide  range 
of  uses  for  which  gasoline  is  employed.  Some  operators 
insist  on  writing  their  own  specification;  others  are  content 
to  use  an  existing  specification,  while  others  will  use  almost 
any  fuel  which  will  run  through  a  feed  line  and  burn. 

Unless  all  factors  are  taken  into  consideration,  a 
specification  for  fuel  does  not  serve  its  purpose.  For 
example,  suppose  the  operator  of  low  compression  engines 
insists  on  the  same  quality  of  anti-knock  fuel  as  that  which 
is  intended  for  high  compression  or  supercharged  engines, 
the  cost  will  be  considerably  higher  than  that  of  a  fuel 
which  will  successfully  suppress  detonation  in  his  engine, 
and  no  particular  gain  is  made,  but  detonation  must  be 
suppressed  or  else  serious  damage  to  the  engine  will  result. 

To  be  satisfactory,  specifications  must  suit  the  purpose 
for  which  they  are  written,  and  anything  more  than  a  safe 
tolerance  is  imposing  a  restriction  on  the  refiner  who  must 
charge  for  it.  Specifications  must  vary  to  suit  the  wide 
range  of  uses  for  fuel,  but  the  less  variation  there  is,  the 
more  economical  they  will  be. 

Fuel  specifications  usually  start  off  with  a  general 
clause  which  is  self-evident,  stating  that  the  fuel  shall  be 
free  from  impurities  and  may  insist  that  it  consist  of  a 
straight  run  gasoline.  This  is  because  the  fuel  is  not 
intended  for  immediate  use,  and  cracked  gasolines  do  not 
stand  storage  as  well  as  do  straight  run  gasolines. 

Colour 

Colour  for  identification  is  generally  specified  to  be  of 
a  certain  depth.  This  depth  is  usually  determined  by  a 
chromometer. 

The  Saybolt  chromometer  consists  of  two  glass  tubes 
about  20  inches  in  length  and  14-16  mm.  inside  diameter, 
held  in  a  vertical  position.  The  lefthand  tube  is  of  plain 
glass  and  is  open  at  both  ends.  At  the  bottom  of  this  tube 
is  a  collar  for  holding  one  or  more  glass  slides.  The  other 
tube  is  calibrated  and  is  closed  at  the  bottom  with  a  colour- 
less plate.  Below  the  tubes  is  a  mirror  to  reflect  the  light 
through  them  into  the  optical  prism  eye  piece  at  the  top. 
The  field  appears  as  two  halves  of  a  circle,  one  half  having 
the  colour  of  the  glass  discs  and  the  other  the  colour  of 
the  fuel  or  oil  in  the  calibrated  tube. 

It  should  be  stipulated  that  the  colouring  material 
used  be  such  that  no  ill  effects  may  be  experienced  by 
clogging  the  carburettor  jets,  etc. 

Apart  from  tinting  the  fuel  for  identification,  colour 
indicates  very  little  to  the  average  operator.  Of  the  clear 
gasolines,  some  remain  clear  for  long  periods,  while  others 
turn  quite  yellow  in  a  short  time.  Most  of  the  cracked 
gasolines  fall  into  this  latter  group.    A  negligible  sulphur 


content  will  help  to  give  a  yellowish  tinge  to  the  fuel,  or 
the  colour  change  may  indicate  the  presence  of  gum. 

A  change  in  colour  does  not  necessarily  mean  that  the 
fuel  is  not  good,  but  there  is  a  certain  hesitancy  on  the 
part  of  consumers  to  buy  a  fuel  that  is  neither  crystal 
clear  nor  highly  coloui-ed.  Taking  advantage  of  the  present 
demand  for  coloured  gasolines  helps  to  solve  this  prol)lem. 

To  test  the  fuel's  resistance  to  colour  change,  it  is 
placed  in  a  bottle  containing  oxygen  and  kept  at  a  mod- 
erately elevated  temperature.  Change  in  colour  is  thus 
greatly  accelerated,  and  the  length  of  time  that  it  retains 
its  clarity  gives  an  indication  as  to  its  resistance  to  colour 
change. 

Gum 

Gum  is  a  resin-like  substance  which  can  easily  cause 
serious  trouble  in  an  engine.  As  fuel  containing  gum  is 
sprayed  on  a  heated  metal  surface,  the  gum  comes  out  of 
suspension  and  is  deposited  on  this  surface.  As  it  is 
deposited,  it  is  still  soluble  in  gasoline,  but  when  baked 
to  a  hard  varnish-like  residue,  it  is  no  longer  soluble  in 
gasoline  and  must  be  dissolved  with  either  acetone  or 
chloroform. 

It  may  easily  be  imagined  what  the  effect  of  this  gum 
would  be  on  the  operation  of  an  engine.  Cracked  gasolines 
are  the  worst  offenders.  This  is  mainly  due  to  the  un- 
saturated hydrocarbons  which  are  present.  Gum  formation 
from  these  unstable  hydrocarbons  is  essentially  an  oxida- 
tion process.  Gum  will  not  be  formed  in  the  entire  absence 
of  oxygen.   Natui'al  gasolines  seldom,  if  ever,  produce  gum. 

There  are  two  main  types  of  tests  for  gum :  (a)  a  test 
to  determine  the  suitability  of  the  fuel  for  use  at  the  time 
of  testing;  (b)  an  accelerated  ageing  test  to  ensure  that  the 
fuel  will  not  form  excessive  gum  in  storage. 

Several  variations  of  the  first  group  are  in  common 
use.  Essentially,  they  consist  of  evaporating  a  small  amount 
of  fuel  (about  100  cc.)  in  a  copper,  iron,  glass  or  porcelain 
dish,  and  weighing  the  residue.  The  container  is  generally 
placed  in  a  steam  bath  and  some  methods  call  for  an  air 
jet  to  play  on  the  surface  of  the  fuel.  A  good  deal  of  con- 
fusion results  when  an  attempt  is  made  to  interpret  results 
of  tests  conducted  under  one  set  of  conditions  in  terms  of 
tests  under  different  methods.  A  tentative  standard  method 
has  been  adopted^'^  for  a  gum  test  in  which  fuel  is  placed  in 
a  glass  beaker  and  evaporated  in  a  constant  temperature 
bath  at  320  to  330  degrees  F.  Heated  air  is  blown  over 
the  surface  of  the  fuel  during  evaporation. 

For  automobile  requirements,  less  than  10  to  15  mg. 
of  gum  would  indicate  that  the  fuel  is  satisfactory  for  use. 
For  aircraft  this  figure  should  be  reduced  considerably; 
three  mg.  often  being  used  as  the  limit. 

ACCELEKATED    Ac.EING    TeST 

The  apparatus  (shown  in  Fig.  1)  consists  of  a  bomb 
into  which  an  uncorked  bottle  of  gasoline  is  placed.  The 
bomb  is  then  closed  and  oxygen  forced  into  it  at  a  pressure 
of  100  pounds  per  square  inch.  The  bomb  is  then  placed 
in  boiling  water  and  the  pressure  increases  to  a  constant 
value.  Unless  the  bomb  is  leaking,  this  pressure  will 
remain  constant  for  a  certain  period.  This  period,  which 
is  called  the  induction  period,  will  vary,  depending  on  the 
fuel. 


(1)  American  Society  for  Testing  Materials  (D  .3S1-;HT). 
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It  is  generally  agreed  that  a  fuel  which  will  stand  the 
four-hour  induction  period  without  dropping  pressure  will 
stand  long  periods  of  storage;  but  whether  or  not  the  test 
is  too  severe  for  those  fuels  which  do  not  pass  this  test 
is  still  an  open  question. 

A  third  phase  in  the  gum  problem  is  the  correlation 
between  the  various  laboratory  tests  and  the  results  of 
engine  tests.    Most  of  this  work  has  been  done  on  single 


/7.      IV/^j.  St^nd  Love  Sroff/tes. 
B.     fxcEssi^c   Cum  /ofiA/AT/of^. 

C         BoHB    Lc/i^/A^S. 

Fig.  1— Oxygen  Bomb  for  Accelerated  Ageing  Test. 

cylinder  engines  and  more  information  on  tests  made  on 
multi-cylinder  engines  would  be  of  material  help. 

Gum  inhibitors  are  sometimes  used,  which  considerably 
delay  the  formation  of  gum,  but  this  is  a  subject  about 
which  information  is  still  incomplete. 

Sulphur 

There  are  two  forms  of  corrosion  due  to  sulphur, 
one  in  the  fuel  system  and  the  other  in  the  crankcase. 
The  former  is  due  to  sulphur  in  the  fuel  before  combustion 
and  the  latter  due  to  the  products  of  combustion. 

A  sulphur  content  of  above  0.1  per  cent  in  a  fuel  has 
been  known  to  cause  rapid  and  serious  corrosion,  especially 
at  wristpins,  bearings,  and  even  on  cylinder  walls.  There- 
fore it  is  obvious  that  the  sulphur  content  must  be  limited, 
and  this  is  generally  set  at  0.1  per  cent. 

To  test  a  fuel  for  sulphur  content,  the  A.S.T.M.  lamp 
method  is  generally  employed  (see  Fig.  2).  The  test  con- 
sists of  burning  a  known  amount  of  fuel  and  the  absorption 
and  titration  of  the  SO  3  formed. 

Vapour  Pressure 

The  property  of  a  fuel  which  determines  its  tendency 
to  boil  and  cause  vapour  lock,  is  called  vapour  pressure. 
If  this  occurs  in  the  fuel  line  of  an  aircraft  or  automobile, 
the  engine,  because  it  is  receiving  insufficient  fuel,  sputters 
and  stops. 

The  three  fundamental  variables  in  connection  with 
vapour  lock  are:  (a)  temperature,  (6)  pressure,  fc)  vapour 
pressure. 

With  the  exception  of  propane,  gases  are  not  usually 
present  in  commercial  fuels  in  sufficient  quantities  to  cause 
vapour  lock.  Removing  this  propane  robs  the  fuel  of  a 
certain  amount  of  its  anti-knock  value.  A  propane  content 
of  1  per  cent,  which  is  not  uncommon  in  some  fuels,  will 
raise  the  vapour  pressure  approximately  2  pounds  per 
square  inch. 


From  tests  made  at  the  United  States  Bureau  of 
Standards(2)  the  following  formula  has  been  developed  to 
give  approximately  the  temperature  at  which  vapour  lock 
may  be  expected. 


i  =  560 


5.167  —  log  pr 


-  460 


5.167  —  log  p 
where 

t  is  temperature  in  degrees  F. 

Pr  is  Reid  vapour  pressure  in  pounds  per  square  inch 
p  is  atmospheric  pressure  at  the  given  altitude  in 
pounds  per  square  inch. 
In  the  case  of  a  fuel  having  a  Reid  vapour  pressure  of  8 
pounds,  vapour  lock  on  the  ground  might  be  expected  at 
130  degrees  F.  This  temperature  would  be  lower  as  the 
plane  rises.  Proper  design  of  the  fuel  system  will  materially 
aid  in  avoiding  vapour  lock. 

The  Reid  vapour  pressure  is  determined  by  means  of 
a  Reid  vapour  pressure  bomb  (Fig.  3),  which  consists  of 
two  chambers,  one  above  the  other,  with  a  pressure  gauge 
at  the  top.  The  upper  and  larger  chamber  is  for  air,  and 
the  lower  for  gasoline,  all  three  sections  being  connected 
internally. 

The  fuel  chamber  is  purified  and  then  filled  by  im- 
mersion in  gasoline.  The  temperature  of  the  air  chamber 
having  been  taken  and  noted,  the  fuel  chamber  is  then 
screwed  on  and  the  whole  bomb  immersed  in  a  constant 
temperature  bath  and  kept  at  100  degrees  F.  Occasionally, 
it  is  taken  out  and  shaken  vigorously  to  permit  the  fuel 
to  pass  into  the  larger  chamber  where  it  comes  in  contact 
with  the  heated  air.  It  is  then  put  back  in  the  bath.  This 
is  repeated  until  the  pressure  stops  rising.  The  maximum 
pressure  is  noted  and  correction  made  for  the  original 
temperature  of  the  air  chamber;  the  net  result  being  the 
Reid  vapour  pressure  in  pounds  per  square  inch. 


^^^^^^;:^^:^:^^^^^^^^^^^^^^^ 


Fig.  2 — A.S.T.M.  Sulphur  Lamp  Apparatus. 

Distillation  Range 

The  distillation  curve  of  a  fuel  gives  a  very  good  in- 
dication as  to  how  that  fuel  will  act  in  an  engine  as  regards 
starting,  acceleration,  distribution  and  crankcase  dilution. 
These  points  may  be  more  fully  understood  from  a  descrip- 
tion of  the  test  procedure. 

Figure  4  shows  the  A.S.T.M.  distillation  apparatus. 
100  cc.  of  fuel  are  measured  into  the  graduate  and  trans- 


(2)  See  Properties  of   Gasolines  with   reference   to  Vapour  Lock, 
Bridgeman  and  Aldrich,  S.A.E.  Journal,  July  1930,  page  93. 
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ferred  directly  to  the  Engler  flask  which  is  mounted  on  a 
stand  immediately  above  a  Bunsen  burner.  Around  the 
flask  and  burner  is  a  metal  shield.  The  vapour  outlet 
tube  from  the  flask  is  connected  to  a  condenser  which  in 
turn  is  set  in  a  bath  of  ice  and  water  or  other  cooling 
medium.  The  outlet  of  the  condenser  is  placed  in  the 
mouth  of  the  same  graduate  which  was  used  to  fill  the  flask, 
and  a  cover  slipped  over  the  top.  Heat  is  applied  to  the 
flask  at  a  specified  rate.  The  temperature  at  which  the 
first  drop  falls  from  the  condenser  tube  is  taken  as  the 
initial  boiling  point.  Temperatures  are  also  taken  as  the 
level  of  the  distillate  reaches  each  10  cc.  mark 
in  the  graduated  receiver.  The  end  point  or 
maximum  temperature  is  the  highest  temperature 
observed  on  the  thermometer.  This  point  is 
usually  reached  after  the  bottom  of  the  flask  has 
become  dry. 

The  recovery  is  taken  as  the  total  volume  of 
distillate  as  collected  in  the  graduate.  The  res- 
idue is  the  volume  of  condensed  vapour  left  in 
the  Engler  flask.  The  distillation  loss  is  the 
difference  between  100  cc.  and  the  sum  of  the 
residue  and  the  recovery. 

When  these  10  cc.  points  are  plotted  on  a 
temperature-volume  basis,  the  result  is  the 
distillation  curve  for  that  fuel  (Fig.  5).  The 
ideal  fuel  is  one  whose  boiling  point  is  sufficiently 
high  to  avoid  vapour  lock  and  fire  hazard,  but 
which  will  have  a  more  complete  removal  of  the 
hump  in  the  distillation  curve. 

Starting  characteristics  are  dependent  upon 
the  temperature  at  which  the  first  5  to  10  cc. 
are  distilled.     If  this  temperature  is  too  high, 
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Fig.  4— A.S.T.M.  Distillation  Apparatus. 


starting  will  be  impossible.  If  this  temperature  is  too  low, 
vapour  lock  may  be  expected.  Heavier  fuels  are  slightly 
more  economical,  but  these  cause  hard  starting  and  tend  to 
crankcase  dilution.  Starting  should  not  become  impossible 
unless  the  initial  boiling  point  is  more  than  140  degrees  F. 
below  the  10  per  cent  point.  Ease  of  acceleration  generally 
depends  upon  the  slope  of  the  curve  between  the  30  to  70 
per  cent  points. 


Distribution  in  an  engine  relates  to  the  percentage  of 
fuel  which  is  evaporated  in  the  manifold.  Since  the  tem- 
perature of  the  engine  from  "all  cold"  until  it  warms  up 
varies  considerably  the  significant  part  of  the  curve  varies 
from  the  10  to  90  per  cent  points. 

Various  tests  show  that  crankcase  dilution  is  deter- 
mined by  the  temperature  of  the  90  per  cent  point.  The 
higher  the  temperature  at  this  point,  the  greater  the 
dilution  that  may  be  expected.  The  90  per  cent  point  is 
also  an  indication  of  the  maximum  temperature  to  which 
fuel  should  be  heated  in  the  manifold. 

The  initial  boiling  point  has  no  bearing  on  the  volatilitj^ 
of  the  fuel  as  a  whole. 

Freezing  Point,  Acid  Heat  and  SrEcinr  Ghavity 

The  main  reason  for  the  freezing  point  test  is,  of  course, 
to  ensure  that  the  fuel  will  not  freeze  at  the  low  tem- 
peratures that  may  be  encountered  in  service,  but  it  also 
shows  whether  or  not  there  is  much  benzene  in  the  fuel. 
The  temperature  of  the  fuel  is  gradually  lowered  and  the 
point  of  initial  formation  of  solid  matter  is  taken  as  the 
freezing  point. 

Acid  Heat 

The  acid  heat  test  is  conducted  to  determine  whether 
or  not  there  are  present  in  the  fuel  unsaturated  hydro- 
carbons in  sufficient  quantities  to  cause  trouble,  as  these 
unsaturateds  are  apt  to  form  gum  in  storage. 

About  150  cc.  of  the  fuel  are  placed  in  a  thermos  flask 
with  30  cc.  of  sulphuric  acid,  and  shaken.  This  mixes  the 
two  thoroughly. 

If  there  are  unsaturated  hydrocarbons  present,  the 
temperature  will  rise.  Other  impurities  will  also  tend  to 
raise  the  temperature. 


/BP      10        £0       JO       40       so       iJ        70       80       90    fP 

Fig.  5— Distillation  Curves. 

For  aircraft  fuels  this  temperature  rise  is  limited  to 
20  degrees  F. 

Specific  gravity  used  to  be  taken  as  one  of  the  main 
considerations  in  selecting  a  fuel,  but  little  importance  is 
attached  to  it  at  the  present.  Most  specifications  disregard 
it  completely.  The  test  is  made  with  a  hydrometer  or  with 
a  weighing  bottle. 
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Acidity 

The  acidity  test  is  made  to  ensure  that  no  acids  are 
present  in  sufficient  quantities  to  cause  damage  in  an 
engine.  The  fuel  is  well  shaken  with  water,  and  the  presence 
of  acid  determined  with  an  indicator.  Methyl  orange  is 
often  used  as  the  indicator,  the  methyl  orange  changing 
colour  in  the  presence  of  acids. 

Corrosion  may  be  caused  by  acidity  or  excess  sulphur 
in  the  fuel.  If  the  fuel  corrodes  engine  parts  it  may  be 
very  serious  and  for  this  reason  a  corrosion  test  is  made. 


Jt  J-         i  7         8  1         10        II        IZ 

i/oLUMCTRIC    COMPKtSSION  RrTIO 

Fig.  6 — Effect  of  Compression  Ratio  on  Operation. 

If  the  copper  dish  method  is  used  for  the  actual  gum 
determination,  as  described  earlier  in  the  paper,  the  dish 
may  be  examined  after  evaporation  is  completed  and  the 
two  tests  thus  combined.  The  test  consists  of  evaporating 
a  small  quantity  of  fuel  in  a  polished  copper  dish.  There 
should  be  no  grey  or  black  corrosion  of  the  dish.  An 
alternative  test  is  to  place  a  freshly  polished  strip  of  copper 
in  a  test  tube  with  gasoline.  The  test  tube  is  placed  in  a 
l)ath  and  kept  at  122  degrees  F.  for  three  hours.  Dis- 
colouration of  the  copper  strip  indicates  corrosion. 

Anti-Knock  Value  or  Octane  Ndmber 
When  a  combustible  mixture  is  ignited,  the  flame,  un- 
der normal  conditions,  tends  to  travel  from  the  point  of 
ignition  at  a  definite  velocity.  Should  the  pressure  in  an 
engine  show  instantaneous  instead  of  gradual  rise  before 
ignition  is  complete,  accompanied  by  a  metallic 
"pinking"  and  temperature  rise,  detonation 
is  said  to  occur.  This  knocking  or  pinking  is 
due  to  high  period  vibration  and  is  not  at  all 
regular.  If  detonation  is  permitted  to  con- 
tinue, it  is  apt  to  increase  in  intensity  and  in 
severe  cases,  pass  over  into  pre-ignition. 

The  chief  difference  between  pre-ignition 
and  detonation  is  that  pre-ignition  involves  a 
large  part,  or  the  whole  of  the  charge,  and  is 
caused  by  faulty  ignition  timing  or  sponta- 
neous combustion.  With  detonation  there  are 
present  only  vibration,  roughness  and  higher 
temperatures.  While  there  is  a  good  deal 
of  difference,  in  theory,  between  detonation 
and  pre-ignition,  in  practice  it  is  sometimes 
impossible  to  tell  whether  an  engine  is  pre- 
igniting  or  detonating. 

A  poor  air-fuel  ratio  will  reduce  detonation,  but  this 
of  course  is  not  a  solution.  Heat  accentuates  the  tendency 
of  a  fuel  towards  detonation.  Change  in  the  design  of  the 
combustion  chamber  and  location  of  the  spark  plugs  may 
also  reduce  detonation. 

The  chief  fuel  factors  which  influence  detonation  are: 


(a)  Composition  of  the  fuel.  Some  of  the  hydrocarbons 
are  very  apt  to  knock  at  low  compression  ratios,  while 
others  resist  detonation.  The  paraffin  group  show  the 
greatest  tendency  towards  detonation  while  the  aro- 
matics  show  the  least,  though  there  are  exceptions. 
The  highest  useful  compression  ratio  (H.U.C.R.)  or 
compression  ratio  determined  on  a  variable  com- 
pression engine  at  which  power  increase  stops,  has 
been  found  for  many  of  these  hydrocarbons,  a  few  of 
which  are  given  below. 

N  heptane 2.75  to  1 

N  pentane 3.8    to  1 

Iso-octane 6.9    to  1 

Benzene  (above) 15.0    to  1 

Toluene 13.6    to  1 

Cyclo  hexane 4.5    to  1 

Absolute  ethyl  alcohol 11.6    to  1 

(6)   The  stability  of  the   mixture   at  the  induction   pipe 

temperature, 
(c)    The  mixture  or  air  fuel  ratio. 

A  compression  ratio  low  enough  to  resist  detonation 
in  all  fuels  in  use  would  give  very  poor  engine  performance 
as  regards  power  and  economy,  as  is  shown  in  the  curves 
in  Figs.  6  to  9  which  have  been  plotted  from  tests  made 
at  various  compression  ratios  and  show  the  marked  improve- 
ment resulting  from  an  increase  in  compression  ratio  from 
5.2:1  up  to  7.0:1.  Increasing  the  compression  ratio  definitely 
increases  the  power  of  an  engine  providing  detonation  is 
suppressed;  and  the  inertia  loads  are  actually  decreased. 
Figures  10  and  11  show  the  effect  of  an  increase  in  the 
compression  ratio  upon  wheel  torque  and  gasoline  con- 
sumption in  an  automobile. 

Carbon  deposits  cause  a  big  problem  for  high  com- 
pression engines  by  seizing  the  piston  rings  in  their  grooves 
and  by  filling  the  combustion  space,  thus  increasing  the 
compression  ratio,  but  this  can  be  partly  overcome  with 
a  carbon  solvent. 

The  reason  for  this  detonation  phenomenon  has  been 
the  subject  of  close  stud}'-  and  the  cause  of  a  great  deal 
of  controversy  ever  since  the  end  of  the  great  war,  when 
the  octane  number  of  commercial  gasoline  in  England  was 
about  35  in  some  cases.  It  is  not  intended  to  convey  the 
impression  that  all  combustion  study  started  at  that  time. 
A  lot  of  work  had  been  done  previous  to  this,  but  perhaps 
without  the  same  object  in  view. 


Effect  of  Compression  Ratio  on  Operation. 

An  article  by  Whatmough  appeared  in  the  Automobile 
Engineer  for  November  1927,  covering  fifteen  theories 
which  had  been  advanced  to  explain  detonation.  Even  at 
the  present  time,  it  is  generally  conceded  that  a  complete 
explanation  of  this  phenomenon  has  not  yet  been  found, 
and  although  some  very  reasonable  assumptions  are  made, 
they  do  not  satisfy  all  cases. 


January,  1931) 


THE     ENGINEERING     JOURNAL    (Aeronaulical  Scrliov) 


87 


What  is  probably  the  clearest  account,  is  that  put 
forward  by  the  late  Professor  Callendar  of  the  Royal 
College  of  Science,  London. (^)  His  explanation  of  the 
phenomenon  is  that  organic  peroxides  are  formed  and 
these  are  known  to  explode  violently.  In  some  cases 
these  peroxides  have  been  found,  though  not  in  all.  He 
also  stated  that  microscopic  drops  consisting  of  the  less 
volatile  hydrocarbons,  act  as  foci  of  ignition  as  their 
ignition  point  is  lower  than  that  of  the  vapour.  The 
process  seems  to  be  a  chain  reaction  in  which 
the  energy  that  starts  the  initial  reaction  re- 
leases other  energy  sufficient  to  start  other 
reactions,  and  so  on. 

To  bear  out  the  peroxide  theory,  tests 
were  made  to  find  a  relation  between  the 
substances  which  formed  these  peroxides,  and 
those  which  did  not.  The  results  are  as 
follows : 

(a)  Substances  which  showed  peroxide  forma- 
tions. 

Amyl  and  ethyl  ether 

Paraffin  hydrocarbons  (pentane  to  un- 

decane) 

Turpentine 

Paraffin  oil 

Paraldehyde 

Propyl  aldehyde 

(b)  Substances  showing  no   peroxide  forma- 
tion, or  traces  only. 

Ethyl  alcohol 

Methyl  alcohol 

Amyl  alcohol 

Butyl  alcohol 

Benzene 

Aniline 
(o),  it  will  be  noted,  are  pro-knocks,  while  (b)  are  anti- 
knocks. 

A  third  group  consisting  of  detonating  substances  was 
tested,  but  no  peroxides  were  found.  If  the  combustion 
process  can  be  controlled  until  the  combustion  of  the  whole 
mixture  is  more  advanced,  then  this  reaction  will  not  be  so 
violent.  This  would  seem  to  show  why  such  a  small 
amount  of  knock-inhibitor   affects   the   combustion.     The 


r.p.in.  H.U.C.R.(^) 

1,200 4.45:1 

1,300 4.65:1 

1,400 4.90:1 

1,500 4.95:1 

1,(500 5.00:1 

Increase  in  compression  ratio  with  its  attending  increase 
in  compression  pressuio  aiul  temperature  is  the  greatest 
cause  of  detonation. 


Fig.  10  Fig.  11 

Effect  of  Compression  Ratio  on  Operation. 

knock  inhibitor  appears  to  absorb  the  oxygen  that  would 
otherwise  form  peroxides.  Engine  speed  also  affects  deto- 
nation, by  altering  the  time  of  the  explosion  stroke.  This  is 
shown  in  tests  carried  out  in  England  giving  the  following 
results : — 


Fig.  12— N.A.C.A.  Universal  Engine  for  Testing  Fuels. 

When  this  phenomenon  was  recognized,  it  became 
necessary  to  find  some  means  to  control  it  if  engines  were 
to  be  as  efficient  as  possible.  It  was  found  that  several 
substances  when  added  to  fuel  tended  to  decrease  or  to 
prevent  the  knock.  It  was  also  found  that  some  of  these 
substances  were  much  more  effective  than  others.  To  date, 
lead  tetraethyl  is  the  most  effective  knock  inhibitor  that 
has  been  found,  and  the  number  of  substances  tried  runs 
literally  into  the  thousands.  Numerous  other  substances 
suggest  themselves  as  knock  inhibitors,  but  the  main 
difficulty  is  to  find  some  form  of  that  substance  which  is 
soluble  in  gasoline  and  which  will  not  attack  the  engine 
parts. 

The  effect  of  lead  tetraethyl  may  be  better  understood 
when  it  is  known  that  the  engines  which  are  used  to  test 
the  fuels  can  detect  as  little  as  1/10  cc.  of  lead  per  gallon. 
The  amount  present  in  a  combustion  chamber  is  estimated 
as  4/10,000  of  a  gramme.  Lead  has  its  disadvantages, 
however,  as  upon  exposui'e  to  light  or  heat,  it  tends  to  lose 
its  effectiveness,  though  this  does  not  usually  affect  the 
ordinary  consumer.  As  to  its  toxic  effects,  it  is  undoubtedly 
an  unpleasant  substance  to  handle  in  its  concentrated  state, 
but  tests  made  by  the  United  States  Bureau  of  Mines^^^ 
show  that  there  is  no  danger  to  the  engine  operator  in 
using  a  fuel  containing  it. 

The  response  of  different  fuels  to  anti-knock  substances 
varies  considerably.  Cracked  gasolines  do  not  respond  as 
readily  as  do  straight  run  fuels.  Because  of  the  wide  varia- 
tion in  response  to  knock  inhibitors,  it  is  necessary  to  have 
a  basic  standard  to  which  fuels  may  be  compared. 


(3)  Report  of  Aeronautical  Research  Committee,  1927,  page  669. 


(4)  H.U.C.E.     The  Highest  Useful  Compression  Ratio.  This  is  the 
highest  ratio  at  which  a  given  fuel  may  be  used  M'ithout  detonation. 

(5)  Experimental  Studies  on  the  Effect  of  Ethyl  Gasoline  and  its 
Combustion  Products.    Report  of  U.S.  Bureau  of  Mines,  1927. 
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The  selection  of  such  a  standard  is  not  at  all  an  easy 
matter.  Up  to  a  few  years  ago,  practically  every  laboratory 
had  their  own  method  of  reporting  knock  ratings.  Some 
of  these  could  be  duplicated  on  other  scales,  but  with  others 
there  was  no  connection  at  all,  so  that  a  serious  attempt 
was  made  to  establish  standards.  To  be  satisfactory  a 
standard  must: 

(a)  Cover  the  entire  range  of  fuels  to  be  tested. 

(b)  Be  chemically  pure  and  stable. 

(c)  Be  cheap  and  easily  obtamable. 


Fig.  13 — Ethyl  Gasolene  Corporation  Engine  SOB 
for  Testing  Fuels. 

Obviously,  gasoline,  which  is  a  complex  structure,  is 
not  suited  for  use  as  a  standard. 

The  choice  of  hydrocarbons  is  wide.  The  result  of 
this  movement  for  standardization  was  the  adoption  of 
a  mixture  of  iso-octane  (or  2-2-4  trimethyl  pentane),  and 
normal  heptane.  Unfortunately,  the  cost  of  these  standards 
is  very  high  at  present,  ranging  from  $20  to  $25  per  gallon 
(U.S.). 

The  term  octane  number  is  defined  as  the  percentage 
by  volume  of  iso-octane  (the  anti-knock),  in  a  blend  of 
iso-octane  and  normal  heptane  (the  pro-knock).  The 
higher  the  octane  number,  the  higher  the  anti-knock 
quaUty.  The  statement  that  a  fuel  has  an  octane  number 
of  76  means  that  when  tested  under  certain  definite  con- 
ditions in  a  specified  test  engine,  the  knock  intensity  of 
the  fuel  will  be  identical  with  the  knock  intensity  of  a 
mixture  of  76  per  cent  iso-octane  and  24  per  cent  normal 
heptane  when  tested  on  the  same  engine  under  the  same 
conditions.  In  some  cases  it  is  admitted  that  the  H.U.C.R. 
of  iso-octane  will  not  be  high  enough,  and  benzene  may 
have  to  be  added,  but  benzene  is  not  satisfactory  as  a 
reference  fuel,  mainly  because  of  its  high  freezing  point. 

This  term  octane  number  as  applied  to  a  fuel  means 
little  or  nothing  unless  it  is  qualified  by  the  engine  speed, 


compression  pressure  and  temperature  of  the  air-fuel  charge 
of  the  engine  on  which  it  was  tested.  It  is  an  easy  matter 
for  a  test  to  be  arranged  so  that  a  fuel  will  appear  to  have 
an  octane  number  of  seven  or  eight  above  that  which  would 
be  allotted  to  it  should  it  be  tested  according  to  more 
severe  test  conditions.  An  endeavour  is  therefore  being 
made  to  .standardize  knock-rating  tests.  Tests  now  in 
general  use  for  various  fuels  include  cooling  liquid  tem- 
peratures of  120,  212,  300,  345,  and  up  to  394  degrees  F. 
while  speeds  include  600,  750  and  900  r.p.m. 

These  different  knock-testing  conditions  are  however 
rapidly  giving  way  to  the  Cooperative  Fuel  Research 
Motor  Method  in  the  case  of  automobile  fuels,  while  tests 
are  being  conducted  with  a  view  towards  standardization 
of  test  conditions  for  aero  engine  fuels. 

Knock  rating  tests  do  not  always  agree  if  they  are 
made  on  different  types  of  engines,  although  those  made 
on  two  engines  of  the  same  type  agree  with  surprising 
regularity;  therefore,  standardization  of  engines  was  the 
next  step.  Certain  engines,  because  of  satisfactory  service, 
have  ijeen  standardized  in  certain  localities,  but  there  are 
still  several  types  of  engines  in  use.  Some  of  these  are 
described  to  give  an  idea  of  the  type  of  engine  used  for 
this  purpose. 

The  Ricardo  E35  poppet  valve,  variable  compression 
engine  was  especially  designed  for  research  problems  on 
fuels.  The  compression  ratio  varies  from  3.7:1  to  7.5:1. 
Ihe  original  of  this  type  of  engine  was  built  in  1919  and 
is  still  in  use.  The  engine  has  two  inlet  and  three  exhaust 
valves,  operated  by  an  overhead  cam-shaft.  Mixture  is 
controlled  by  means  of  a  needle  valve  and  a  swinging  field 
electric  dynamometer  is  supplied.  Fuel  consumption  is 
measured  by  checking  the  time  to  use  a  known  amount 
of  fuel.  Two  fuel  systems  are  used  and  a  three-way  cock 
permits  a  quick  change-over. 

The  Ricardo  E5  engine  is  of  the  sleeve  valve  type 
l)roduced  by  the  same  manufacturer  as  the  above  engine. 
Variable  compression  is  accomplished  by  lowering  or  rais- 
ing the  ci'own  of  the  combustion  chamber.  Two  inlet  and 
two  exhaust  ports  are  provided  in  the  valve  sleeve,  any  of 
which  may  be  blocked  to  vary  the  port  area. 

The  Armstrong  Whitworth  engine  was  developed  by 
Messrs.  Armstrong  Whitworth  and  the  Anglo-Persian  Oil 
Company.  A  variable  compression  head  is  fitted,  and  the 
variation  is  accomplished  by  raising  or  lowering  a  plug  in 
the  combustion  chamber.  Tests  would  seem  to  show  that 
no  excessive  collection  of  exhaust  gases  remains  in  this 
pocket.  The  cylinder  head  and  cylinder  walls  have  individ- 
ual cooling.  A  swinging  field  dynamometer  is  provided  and 
intake  air  may  be  heated.  Flow  meters  are  supplied  and 
air  fuel  ratios  are  governed  by  a  needle  valve  in  the  jet. 
The  above  engines  are  produced  in  England,  and  more  used 
on  that  side  of  the  Atlantic. 

In  the  United  States,  other  engines  have  been  produced, 
among  which  the  following  are  being  largely  used: 

The  compression  ratio  of  the  N.A.C.A.C'^  Universal 
Test  Engine  Model  A  shown  in  Fig.  12  may  be  altered  while 
the  engine  is  running.  This  is  accomplished  in  the  same 
manner  as  used  in  the  Ricardo  E35  engine.  The  cylinder 
base  has  a  heavy  thread  cut  on  it,  and  a  ring  with  an 
internal  thread  is  turned  by  a  crank.  The  compression 
ratio  ranges  from  5:1  to  13:1.  The  valve  timing  and  Hft 
may  be  altered  while  the  engine  is  running.  The  valve 
lift  is  varied  by  changing  the  position  of  the  fulcrum  of 
the  rocker.  A  single  carburettor  with  two  fuel  systems  is 
provided.  This  engine  is  rated  at  35  h.p.  with  a  speed 
of  1,800  r.p.m.  A  second  type,  the  model  B  engine,  is 
supplied  without  the  valve  adjustment  mechanism,  though 
variable  compression  is  retained. 


(fi)  National  Advisory  Committee  for  Aeronautics. 
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The  Ethyl  Gasolene  Corporation  "Delco"  model  en- 
gine was  developed  from  the  Delco  lighting  plant.  The 
compression  ratio  is  set  at  7.5:1  and  the  density  of  the 
charge  is  governed  by  the  throttle.  Speed  is  controlled  by 
means  of  a  rheostat  which  applies  loading  to  the  generator 
which  is  coupled  directly  to  the  engine.  The  carburettor 
has  a  fixed  jet  in  which  the  fuel  level  is  raised  or  lowered 
by  moving  the  float  chambers.  In  this  way  the  air  fuel 
ratio  may  be  varied  at  will. 


loriijq, 


Fig.  14 — Apparatus  for  Measurement  of  Detonation. 

Figure  13  shows  the  Ethyl  Gasolene  Corporation  Series 
SOB  engine.  From  experience  in  the  operation  of  the  Delco 
model,  this  apparatus  was  developed.  Speed  is  controlled 
by  a  synchronous  motor  and  provision  is  made  for  running 
at  higher  jacket  temperatures.  Compression  pressure  may 
be  adjusted  by  shpping  shims  under  the  cylinder  flange. 
A  neon  tube  ignition  indicator  is  provided.  It  was  for  this 
engine  that  the  "knock  meter"  was  developed. 

The  Cooperative  Fuel  Research  engine  has  been 
developed  by  the  Society  of  Automotive  Engineers  and  the 
American  Petroleum  Institute  and  has  been  adopted  for 
use  in  the  United  States  as  a  standard  engine,  and  it  is 
considered  extremely  likely  that  it  will  be  standardized 
generally  as  conditions  may  warrant. 

The  usual  method  for  testing  the  fuel  on  most  of  these 
engines  is  to  compare  it  to  a  standard,  though  knock-testing 
may  be  done  in  several  ways.  These  include  the  determina- 
tion of  highest  useful  compression  ratio  and  power  loss,  and 
the  use  of  indicator  card,  aural  detection,  ballistic  device, 
bouncing  pin  and  thermocouples. 

The  highest  useful  compression  ratio  of  a  fuel  is  found 
in  a  variable  compression  engine.  This  result,  unless  a 
standard  engine  is  used,  can  not  always  be  reproduced  on 


another  type  of  engine,  owing  to  difference  in  the  com- 
bustion chamber  characteristics.  Measuring  the  power  loss 
is  accomplished  by  measuring  the  power  of  a  standard  fuel 
and  comparing  it  to  the  power  output  of  the  sample  being 
tested.  Indicator  cards  would  be  ideal,  if  there  was  a 
satisfactory  engine  indicator  for  this  f)urpose,  but  at 
present  there  is  no  indicator  sufficiently  accurate  and 
flexible  to  serve  this  purpose,  especially  for  routine  tests. 
Aural  detection  depends  too  much  on  the  human  element, 
and  while  good  results  have  been  obtained,  it  is  not  to  be 
recommended.  The  ballistic  device  is  much  like  the  Midge- 
ly  bouncing  pin.  A  plunger  rises  according  to  the  pressure 
in  the  cylinder,  and  actuates  a  lever  arm.  The  reading  of 
this  instrument,  however,  depends  too  much  upon  the  eye 
of  the  operator. 

The  Midgely  bouncing  pin  (Fig.  14)  consists  of  a  thin 
steel  diaphragm  which  forms  part  of  the  wall  of  the  com- 
bustion chamber.  On  this  diaphragm  rests  a  slender  pin 
which  is  loosely  held  in  guides.  When  detonation  occurs, 
the  sudden  pressure  rise  causes  the  diaphragm  to  deflect 
and  the  pin  is  projected  upwards,  with  a  force  depending 
on  the  intensity  of  the  detonation.  As  the  pin  rises,  it 
closes  an  electrical  contact.  The  greater  the  force  of  the 
pin,  the  longer  the  time  the  contacts  will  remain  closed. 
The  current  that  passes  through  these  contacts  goes  either 
to  an  electrolytic  cell  or  else  to  a  meter.  In  the  case  of 
an  electrolytic  cell,  it  breaks  up  water  in  the  cell  into 
hydrogen  and  oxygen.    This  gas  is  collected  in  a  calibrated 
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Fig.  15 — Reference  Fuel  Calibration  Curves. 

tube  and  the  greater  the  detonation,  the  more  gas  formed. 
Readings  are  generally  taken  for  a  period  of  one  minute. 
If  a  meter  is  used,  the  readings  may  be  taken  directly. 
Instead  of  a  bouncing  pin,  a  thermocouple  is  sometimes 
used  and  the  temperature  used  in  place  of  pressure. 

When  work  is  started  on  the  testing  of  fuels,  the 
operator  needs  some  practice  work  to  become  famihar 
with  all  the  various  details  in  connection  with  the  opera- 
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tion  of  the  engine  and  the  procedure  of  the  test.  These 
test  engines,  considering  the  treatment  they  necessarily 
receive,  give  remarkably  good  service,  but  sometimes,  in 
spite  of  the  care  that  is  taken,  errors  do  creep  in.  These 
errors  are  often  due  to  such  small  causes  that  it  is  hard 
to  find  them.  For  example,  the  engine  may  be  operating 
with  all  the  variables  kept  as  constant  as  possible,  when 
suddenly  the  indicated  intensity  of  the  knock  will  increase 
or  decrease  considerably.  This  is  of  course  taken  as  a  sign 
that  attention  is  needed  in  some  part  of  the  engine,  or  in 
the  instruments.  Parts  which  suggest  themselves  from  the 
character  of  the  trouble  are  first  examined,  and  if  this  does 
not  correct  it,  the  whole  installation  must  be  gone  over. 

Perhaps  nothing  will  be  found  wrong,  and  the  engine 
is  tried  again.  The  faults  are  quite  apt  to  correct  them- 
selves before  they  are  found.  Of  course,  there  is  a  reason 
for  all  these  variations,  but  long  periods  are  often  spent 
in  trying  to  locate  them.  The  newer  engines  are  not  so 
liable  to  such  difficulties. 

In  the  knock-testing  of  fuels,  the  following  is  an  out- 
line of  the  method  of  test  as  carried  out  on  some  types  of 
engines. 

There  is,  in  the  laboratory,  a  reference  fuel,  whose 
anti-knock  value,  in  terms  of  octane  number,  is  known. 
Also,  the  reaction  of  this  fuel  has  been  tested  as  lead 
tetraethyl  is  added.  (Incidentally,  this  secondary  reference 
fuel  is  checked  periodically  against  the  more  costly  basic 
standards.)  This  fuel,  it  is  remembered,  is  to  be  the 
measure  against  which  the  unknown  fuel  is  checked. 

To  find  the  octane  number  of  the  unknown  sample  of ' 
fuel,  it  is  placed  in  one  fuel  system,  and  the  known  reference 
fuel  is  placed  in  the  other.  The  engine  is  first  run  on  one 
of  these  fuels,  and  the  air-fuel  ratio  gradually  changed  from 
lean  to  rich.  During  this  operation,  the  knock  intensity 
will  increase  until  a  maximum  is  reached,  and  will  then 
decrease.  This  air-fuel  ratio  which  produces  the  maximum 
knock  is  the  point  for  which  we  are  looking,  and  all  the 
others  are  ignored. 

The  same  procedure  is  carried  out  on  the  other  fuel 
and  the  maximum  knock  found  for  it. 

The  engine  is  then  run  first  on  one  fuel  and  then  on 
the  other  alternately,  at  the  air-fuel  ratio  of  maximum 
knock,  until  it  is  determined  beyond  doubt  that  the  read- 
ings obtained  are  correct,  and  comparison  is  made. 

Suppose  that  the  reference  fuel  indicates  a  knock  in- 
tensity of  68  on  the  meter,  while  the  sample  only  shows  an 


average  of  62,  it  is  obvious  that  the  reference  fuel  requires 
more  lead  to  reduce  its  knock.  Lead  is  added,  and  the 
procedure  again  carried  out  until  the  two  fuels  match 
exactly.  Reference  is  then  made  to  the  calibration  curves 
which  accompany  the  secondary  reference  fuels  (see  Fig. 
15),  and  the  octane  number  found  for  that  fuel  plus  the 
necessary  addition  of  lead.  This  octane  number  will  also 
be  given  to  the  unknown  sample. 

For  the  refiner's  purpose,  the  test  is  reversed.  He  has 
his  reference  fuel  made  up  and  wants  to  know  how  much 
lead  per  gallon  he  must  add  to  his  product  to  bring  it  up 
to  standard.  Therefore  by  trial  and  error,  he  finds  this  out 
by  working  on  the  point  of  maximum  knock. 

Lead  Analyses 

It  is  sometimes  stated  that  only  a  certain  amount  of 
lead  is  to  be  added  to  a  fuel.  To  ensure  that  this  amount 
has  not  been  exceeded,  a  lead  analysis  is  made. 

The  fuel  is  placed  in  a  separatory  funnel  and  shaken 
with  nitric  acid.  The  acid  layer  is  drawn  off  and  partly 
evaporated.  Sulphuric  acid  is  then  poured  into  the  beaker 
and  the  rest  of  the  nitric  acid  evaporated.  Water  is  then 
added  to  the  sulphuric  acid  and  the  lead  precipitated  as 
lead  sulphate.  This  is  filtered  off  in  a  Gooch  crucible  and 
weighed.  It  is  then  an  easy  matter  to  calculate  the  amount 
of  lead  tetraethyl  per  gallon  that  was  in  the  fuel.  This 
method  was  developed  by  the  Standard  Oil  Company  of 
New  York,  and  gives  very  satisfactory  results. 


From  the  above  it  will  be  evident  that  there  is  no 
single  fuel  which  is  best  for  every  type  of  engine. 

As  far  as  octane  number  is  concerned,  and  that  com- 
mands the  largest  interest  at  present,  if  a  high  compression 
engine  is  used,  a  high  octane  number  fuel  is  essential.  If  a 
lower  compression  engine  is  used,  it  may  be  operated  on  a 
fuel  of  lower  octane  number.  However,  a  whole  series  of 
tests  would  have  to  be  made  with  consideration  given  to 
the  engine  conditions  under  which  the  fuel  would  be  used 
before  a  definite  selection  can  be  made.  The  real  solution 
is  to  use  a  fuel  which  it  is  found  by  experience  will  give 
most  miles  per  dollar  with  the  least  trouble. 
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The  Forty-Ninth  Annual  General  and  General  Professional  Meeting 

The  Annual  General  Meeting  for  1935  will  be  convened  at  Headquarters,  2050  Mansfield  Street,  Montreal,  on 
Thursday,  January  24th,  1935,  at  eight  o'clock  p.m. 

After  the  transaction  of  formal  business,  the  meeting  will  be  adjourned  to  reconvene  at  the  Royal  York  Hotel, 
Toronto,  at  ten  o'clock  a.m.  on  Thursday,  February  7th,  1935,  continuing  with  the  professional  sessions  on  the 
following  day. 

Programme  of  Meeting  at  Toronto 

(Subject  to  Minor  Changes) 


THURSDAY,  FEBRUARY  7th 
9.00  a.m.     REGISTRATION  (Main  Mezzanine  Floor). 

10.00  a.m.    Annual  General  Meeting  (Tudor  Room). 

Reception  and  discussion  of  reports  from  Council,  Com- 
mittees and  Branches. 
Scrutineers'  report  and  election  of  Officers. 
Retiring  President's  address. 
Induction  of  New  President. 

12.45  p.m.    Formal  Luncheon  (Roof  Garden). 

Members  $1.00.     (Complimentary  to  visiting  Ladies.) 
Welcome  by  the  Chairman  of  the  Toronto  Branch,  R.  E. 
Smythe,  a.m.e.i.c,  and  by  His  Worship  the  Mayor  of 
Toronto. 
Address  by  J.  B.  Carswell,  m.e.i.c,  of  Hamilton,  intro- 
ducing the  subject  of  the  afternoon's  discussion. 

2.15  p.m.    Professional  Session  (Tudor  Room). 

The  afternoon  will  be  devoted  to  a  discussion  on  the  Status 

of  the  Engineer. 
C.  S.  L.  Hertzberg,  m.e.i.c,  will  be  in  the  chair. 
The  discussion  will  be  based  on  three  papers: — 
The  Engineer  in  Industry,  by  R.  E.  Smythe,  a.m.e.i.c. 
The  Engineer  in  Private  Practice,  by  J.   M.   Oxley, 

M.E.I.C. 

The  Engineer  in  The  Public  Service,  by  G.  J.  Desbarats, 

M.E.I.C. 

4.30  p.m.    Reception  and  Tea  for  Ladies  (Roof  Garden). 

7.30  p.m.    Annual  Dinner  of  The  Institute  (Ball  Room). 

The  President  in  the  chair. 

Dr.  A.  S.  Eve,  C.B.E.,  F.R.S.,  Dean  of  the  Faculty  of 
Graduate  Studies,  McGill  University,  Montreal,  will 
address  the  members  and  ladies  present. 

The  Prizes  and  Medals  of  The  Institute  will  be  pre.sented. 

9.30  p.m.    Reception  and  Dance  (Banquet  Hall). 
Tickets  for  Dinner,  .12.00  per  person. 
Tickets  for  Dance,  $2.00  per  person. 
Tickets  for  Dinner  and  Dance,  $7.00  per  Couple. 

FRIDAY,  FEBRUARY  8th 

9.30  a.m.     PROFESSIONAL  Sessions  for  the  Presentation  and  Discus- 
sion of  Papers  will  be  held  in  three  rooms  concurrently. 

(Hall  C) 

(a)  Research  and  Testing  work  for  the  Hydro-Electric 
Power  Commission  of  Ontario,  by  W.  P.  Dobson, 
M.E.I.C,  Chief  Testing  Engineer,  H.E.P.C.  of  Ontario, 
Toronto. 


(b) 


(Library) 

(a) 


Gaseous  Conductor  Lamps  and  their  Applications, 

by   J.    W.    Bateman,    Manager   of   Lighting  Service, 
Canadian  General  Electric  Co.,  Toronto. 


Simple  Graphical  Solution  for  Pressure  Rise  in  Pipes 
and  Pump  Discharge  Lines,  by  R .  W.  Angus,  m.e.i.c, 
Professor  and  Head  of  Mechanical  Engineering,  Univer- 
sity of  Toronto,  Toronto. 

(6)  The  Montreal  Neurological  Institute  and  its  Service 
Equipment,  by  F.  J.  Friedman,  m.e.i.c,  and  C.  P. 
Creighton,  a.m.e.i.c,  of  McDougall  and  Friedman, 
Consulting  Engineers,  Montreal. 

(Tudor  Room) 

(a)  The  Toronto  Waterworks  Extensions,  a  General  De- 

scription of  the  Scheme  with  Details  of  some 
outstanding  Features,  by  William  Storrie,  m.e.i.c, 
of  Gore  Nasmith  and  Storrie,  Consulting  Engineers, 
Toronto. 

(b)  Three  Bascule  Bridges  of  the  Simple  Trunnion  Type, 

by  H.  W.  Buzzell,  a.m.e.i.c,  and  R.  S.  Eadie,  a.m.e.i.c, 
Designing  Engineers,  Dominion  Bridge  Co.,  Montreal. 


FRIDAY,  FEBRUARY  8th  (Continued) 
12.45  to 
1.45  p.m.     Buffet  Luncheon  (Ball  Room).     Tickets  .$1.00. 

2.15  p.m.     Professional  Se.ssion  (Tudor  Room). 

The  afternoon   will   be  devoted  to  a  discussion   of  The 
Water  Supply  of   the  Prairie  Provinces  and  its 
Bearing  on  their  Economic  Development. 
Chairman — S.  G.  Porter,  m.e.i.c 
The  following  communications  will  be  considered: — 
(o)        Precipitation  in  the  Prairie  Provinces,  by  John  Patter- 
son,   Director,    Meteorological    Service    of    Canada, 
Toronto. 
(6)        Run-oflf  and  Stream  Discharge  in  the  Prairie  Prov- 
inces, by  J.  T.  Johnston,  m.e.i.c,  Director,  Dominion 
Water  Power  and  Hydrometric  Bureau,  Ottawa, 
(c)        Water  Conservation  in  the  Prairie  Provinces,  by  T.  C. 
Main,    m.e.i.c.    Assistant    Engineer — Water    Supply, 
Canadian  National  Railways,  Winnipeg. 
id)       The  Surface  Waters  of  the  Canadian  Prairies,  by  P.  C. 
Perry,  a.m.e.i.c,  Division  Engineer,  Canadian  National 
Railways,  Regina. 
(e)         Domestic  Waters  in  the  West,  by  W.  Calder,  Diiector, 
Petroleum  and  Natural  Gas  Division,  Department  of 
Lands,  Edmonton. 
(/)       Relationship  of  Geology  to  Soil  Drifting  in  Southern 
Manitoba  and  Southern  Saskatchewan,  by  W.  A. 
Johnston,  Chief,  Division  of  Water  Supply,  and  R.  T. 
D.  Wickenden,  Assistant  Geologist,  Geological  Survey, 
Ottawa. 
(g)        Some  Possible  Sources  of  Ground  Water  in  Southern 
Saskatchewan,  by  R.  T.   D.  WicKenden,  Assistant 
Geologist,  Geological  Survey,  Ottawa. 
(h)       Mineral  Character  of  the  Underground  Waters   in 
Southern  Saskatchewan,  by  D.  C.  Maddox,  Associate 
Geologist,  Division  of  Water  Supply,  Geological  Siu-vey, 
Ottawa. 
8.00  p.m.     Smoking  CONCERT  (Concert  Hall).     Tickets  $2.00. 
A  variety  show  with  refreshments. 

Ladies'  Theatre  Party  (complimentary  to  visiting  Ladies). 
For   details   of   Ladies'    entertainment,    see   Ladies'    Pro- 
gramme. 

SATURDAY,  FEBRUARY  9th  (Morning) 

9.30  a.m.     Arrangements  will  be  made  for  visits  to  engineering  works 
of  interest,  such  as  the  following: — 
Laboratories  of  the  Hydro-Electric  Power  Commission, 

Strachan  Avenue. 
Laboratories  of  the  Ontario  Research  P'oundation. 
Bell  Telephone  Company's  Toronto  Toll  Equipment. 
Victoria  Park  Filtration  Plant. 
Factory   of  the   Goodyear   Tire   and   Rubber   Co.    of 

Canada. 
Details  will  be  announced  later. 

Hotel  Arrangements 

Members  are  recommended  to  make  their  reser\ations  as  early  as 
possible. 

The  leading  Toronto  Hotels  quote  the  following  rates: — 

Roval  York  King  Edward 

Single  room  with  bath "$4.00  $3.00 

Double  room  with  batli $7.00  $5.00 

Railway  Rates 

Both  railways  offer  special  return  rates  for  groups  of  ten  or  more 
as  follows : — 

(a)    Organized  parties  having  a  minimum  of  ten  up  to  fourteen 

persons:  single  fare  and  one  half.     Time  limit  sixteen  days. 
(6)    Organized  parties  of  fifteen  or  over:  single  fare  and  one 

quarter.     Time  limit  sixteen  days, 
(c)    Rate  good  on  coaches  only,  a  minimum  of  fifteen  persons: 

single  fare  and  one  tenth.     Time  limit  seven  days. 
All  these  fares  require  travelling  together  on  the  same  train  and 
date,  with  individual  return  on  any  train  within  the  time  limit. 
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Construction  Contracts  and  Contract  Forms 

The  engineering  side  of  the  construction  industry  has 
undergone  marked  changes  during  the  past  twenty  years, 
both  in  its  technical  and  commercial  aspects.  Much  of 
the  work  is  now  on  a  larger  scale  and  is  carried  out  by  the 
aid  of  much  more  elaborate  equipment,  which,  together 
with  new  facilities  for  inspection  and  testing,  and  improved 
accounting  methods,  makes  it  possible  for  the  engineer  and 
the  contractor  to  control  more  closely  the  quality  and  cost 
of  the  work.  The  sub-contractors,  each  undertaking  the 
work  of  some  particular  trade,  now  play  a  far  more  import- 
ant part  than  in  the  past.  These  and  other  developments 
increase  the  rosponsibiUties  devolving  upon  the  parties 
concerned,  and  make  it  more  than  ever  necessary  to  define 
clearly  the  duties  and  mutual  relations  of  the  owner,  the 
engineer  and  the  contractor. 

The  documents  defining  these  relations,  and  forming 
the  conditions  of  contract  for  the  execution  of  engineering 
work  are,  however,  of  importance  not  only  to  consulting 
engineers  and  contractors,  but  to  everyone  interested  in 
the  construction  of  public  works  or  large  buildings,  the 
fabrication  of  structural  work,  or  the  supply  and  erection 
of  heavy  mechanical   and   electrical   equipment.     This  is 


particularly  the  case  since  the  engineering  staffs  of  large 
corporations  are  now  called  upon  to  undertake  some  of  the 
design  and  planning  work  which  used  to  be  entrusted  to 
consulting  engineers. 

Documents  governing  engineering  contracts  have, 
first,  to  define  the  legal  relations  existing  between  the  owner 
or  purchaser  of  a  projected  work,  the  engineer  acting  on 
his  behalf,  and  the  contractor  and  the  people  working  for 
him.  It  is  then  necessary  to  set  forth  the  general  conditions 
under  which  the  work  is  to  be  performed,  taking  account  of 
the  various  contingencies  which  may  occur.  The  parties 
interested  should  evidently  have  some  knowledge  of  the 
law  of  contracts,  the  essentials  of  which  were  so  ably  dealt 
with  in  an  address  given  by  a  Toronto  barrister  before 
the  Toronto  Branch  of  The  Institute  in  December  1933.' 
Their  attention  should  also  be  called  to  the  Standard  Forms 
of  Construction  Contract  which  have  been  prepared  for, 
and  recently  issued  by,  the  Canadian  Construction  Associa- 
tion, and  are  now  available  for  public  use.  These  forms^ 
have  been  submitted  to  and  approved  by  the  Council 
of  The  Institute  as  applying  to  contracts  for  work  to  be 
supervised  by  an  engineer,  and  (with  the  word  "architect" 
replacing  the  word  "engineer")  also  have  the  approval  of 
the  Royal  Architectural  Institute  of  Canada  in  the  case  of 
construction  coming  under  an  architect's  direction. 

There  are  two  forms,  dealing  respectively  with  work 
to  be  done  for  a  stipulated  sum,  and  work  to  be  done  when 
the  contractor's  remuneration  is  a  percentage  of  cost  or  a 
fixed  fee.  Each  form  consists  of  two  parts,  the  Agreement 
between  the  Owner  and  the  Contractor,  and  the  General 
Conditions  of  the  Contract. 

The  principal  clauses  of  the  Agreement  relate  to  the 
contractor's  undertaking  for  the  proper  and  complete 
performance  of  the  work  by  him  and  his  sub-contractors, 
the  owner's  undertaking  to  pay  the  contractor,  and,  in  the 
case  of  a  cost-plus  contract,  the  exact  way  in  which  the 
cost  shall  be  computed. 

As  regards  the  General  Conditions,  these  first  define  the 
contract  documents,  including  the  drawings  and  specifica- 
tions, and  set  forth  the  respective  responsibilities  of  the 
engineer  and  the  contractor  as  regards  these.  The  engi- 
neer's powers  and  duties  are  next  stated  as  to  the  inter- 
pretation of  the  contract  and  the  supervision  and  inspection 
and  approval  of  the  work.  The  clauses  which  follow  deal 
with  the  correction  of  faulty  work,  the  protection  of  the 
owner's  property  and  the  work  while  in  progress,  insurance, 
and  the  powers  of  the  engineer  to  stop  the  work  in  an  emer- 
gency. The  difficult  subject  of  changes  or  additions  is  next 
taken  up,  followed  by  various  provisions  regarding  the 
engineer's  certificates,  payments,  liens,  and  the  contrac- 
tor's responsibilities  in  connection  with  permits  and  patent 
fees.  The  circumstances  are  stated  under  which  the  owner 
can  take  over  the  work  or  terminate  the  contract,  or  under 
which  the  contractor  can  cease  work  in  certain  eventuali- 
ties; the  conditions  applying  to  sub-contractors  in  relation 
to  the  owner,  contractor  and  engineer  are  given,  and  the 
final  clauses  deal  with  the  settlement  by  arbitration  of 
disputes  between  the  owner,  or  the  engineer  on  his  behalf, 
and  the  contractor. 

The  contract  form  relating  to  work  done  on  a  basis  of 
cost-plus  percentage  or  fixed  sum  necessarily  differs  some- 
what in  detail  from  the  stipulated  sum  contract,  and  omits 
certain  clauses  which  are  found  in  the  latter,  but  which  are 
not  applicable  on  a  cost-plus  basis.  It  contains  also  certain 
clauses  regarding  the  engineer's  powers,  the  purchase  of 
materials  by  the  contractor,  and  methods  of  accounting  and 


'  H.  D.  Anger,  The  Law  of  Contracts  and  Bonds  of  Particular 
Application  to  Engineers  and  Architects,  Engineering  Journal,  May 
1934. 

'  Canadian  Standard  Forms  of  Construction  Contract. — Copies 
can  be  had  from  The  Manager,  Canadian  Construction  Association, 
717  Ottawa  Electric  Building,  Ottawa,  Onl. 
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audit  which  are  not  required  in  the  other  form,  since  the 
ways  of  remunerating  the  contractor,  and  therefore  his 
responsibilities,  are  different  in  the  two  cases. 

Both  these  forms  of  contract  embody  the  results  of 
years  of  experience  in  construction  under  Canadian  con- 
ditions on  the  part  of  representative  engineers,  architects 
and  contractors.  Their  pi'ovisions  have  thus  been  tried 
and  found  to  work  satisfactorily.  Some  requirements 
commonly  found  in  documents  of  this  kind  have  been 
omitted  or  modified  as  being  causes  of  possible  difficulty  or 
dispute.  For  example,  in  the  stipulated  sum  contract,  the 
time-honoured  statement  that  "in  case  of  dispute  the 
engineer's  decision  shall  be  final"  does  not  appear.  Instead 
it  is  provided  that  the  engineer  is  to  "decide  on  questions 
arising  under  the  contract  documents"  and  if  the  con- 
tractor considers  that  such  decision  has  been  given  in  error, 
he  notifies  the  engineer  before  proceeding  to  carry  it  out. 
Should  the  engineer  maintain  his  decision,  the  work  is  to 
proceed  and  any  question  of  cost  is  to  be  decided  by  arbi- 
tration. 

With  contract  forms  available  which  have  been  so 
carefully  prepared,  and  which  are  based  on  such  wide 
experience,  good  reasons  would  have  to  be  given  by  an 
owner  or  contractor  for  departing  materially  from  their 
provisions,  at  least  in  any  case  of  work  to  which  either  form 
is  really  applicable.  Those  who  are  opposed  to  any  kind 
of  standardization,  and  look  upon  uniformity  as  a  thing  to 
be  abhorred,  will  perhaps  object  to  these  forms  as  an 
attempt  to  impose  still  more  hidebound  regulations  upon 
a  suffering  community.  This  is  not  the  case,  for  while  the 
standard  forms  are  now  available  for  the  convenience  and 
use  of  the  public,  there  is  no  legal  compulsion  to  use  them. 
Their  employment  offers  many  obvious  advantages.  For 
example,  when  such  forms  come  into  general  use,  an  owner 
contemplating  construction,  or  a  contractor  proposing  to 
tender  for  work,  will  be  under  no  uncertainty  as  to  the 
effect  of  the  various  clauses  of  a  document  with  which  he  is 
already  familiar.  The  disputes  which  occasionally  arise  as  to 
the  precise  meaning  of  some  clause  specially  written  for  an 
individual  contract  will  no  longer  occur.  Contractors  will 
be  able  to  prepare  their  tenders  in  the  knowledge  that  the 
work  will  be  carried  out  under  legal  conditions  and  restric- 
tions to  which  they  are  already  accustomed.  Engineers 
will  be  able  to  advise  owners  with  the  assurance  that  the 
relations  between  the  owner  and  the  contractor  will  be 
clearly  defined,  so  that  each  party  knows  beforehand 
exactly  what  are  his  rights  and  obligations. 

There  will  no  doubt  be  a  few  cases  in  which  these  forms 
are  not  applicable  as  they  stand.  Such  instances,  however, 
will  be  relatively  few,  and  the  Canadian  Construction 
Association  and  the  two  organizations  which  have  given 
approval  to  the  forms  in  question  are  to  be  congratulated  on 
making  available  to  the  Canadian  public  such  clear-cut 
and  well  tried  documents. 

Entrance  and  Transfer  Fees 

At  its  meeting  on  October  6th,  1933,  Council  thought 
it  desirable  to  waive  the  existing  provisions  of  Section  32 
of  the  By-laws,  and  as  a  temporary  measure  reduced  the 
entrance  fee  for  all  classes  of  membership  to  $5.00.  On 
the  recommendation  of  the  Finance  Committee,  Council 
has  decided  to  continue  this  policy  for  the  present.  Thus, 
until  further  notice,  the  entrance  fee,  which  should 
accompany  applications  for  admission  as  Member,  Associate 
Member,  Junior  or  AffiHate,  will  be  $5.00.  There  is  no 
entrance  fee  for  admission  as  Student. 

While  this  reduced  entrance  fee  is  in  force,  there  will 
be  no  transfer  fee,  except  for  transfers  from  the  class  of 
Student,  in  which  case  the  sum  of  $5.00  is  payable.  This 
follows  from  the  provisions  of  Section  38  of  the  By-laws. 


The  Bank  of  Canada  Directorate 

As  soon  as  the  method  of  electing  directors  for  the 
Bank  of  Canada  was  announced,  the  Council  of  The 
Institute,  naturally  desirous  that  the  engineering  profession 
should  have  adequate  representation  on  the  board,  ap- 
pointed a  committee  to  look  into  the  matter.  That  com- 
mittee secured  the  names  of  four  members  of  The  Institute 
who  were  eligible  and  had  been  duly  nominated,  and 
recommended  that  their  candidature  should  be  endorsed 
by  The  Institute. 

At  its  meeting  on  December  14th  the  committee  report 
was  approved  and  Council  unanimously  decided  to  support 
the  candidature  of  those  members,  directing  that  this 
should  be  announced  in  The  Journal  with  the  suggestion 
that  members  who  are  shareholders  in  the  Bank  would  be 
well  advised  to  vote  for  the  candidates  in  question,  namely: 
W.  D.  Black,  M.E.I. c,  Vice-President  and  General  Manager, 

Otis-Fensom  Elevator  Company,  Hamilton. 
J.    W.    Hughson,    A.M. E.I. c,    W.    C.    Hughson    and   Sons 

Limited,  Ottawa. 
W.    L.    R.    Stewart,    a.m.e.i.c.  Managing   Director,  The 

Stewart  Construction  Company  Limited,  Sherbrooke, 

Que. 
Arthur  Surveyer,  m.e.i.c.  Consulting  Engineer,  Montreal. 

A  brief  account  of  the  career  of  each  of  these  gentlemen 
follows. 

W.  D.  Black,  M.E.I.C,  graduated  from  the  Universit}^ 
of  Toronto  with  the  degree  of  B.A.Sc.  in  1910,  and  was 
subsequently  resident  engineer  on  the  Kentucky  River  high 
bridge  for  Gustav  Lindenthal.  In  1911  he  joined  the  staff 
of  the  Otis-Fensom  Elevator  Company  Limited  as  manager 
for  Quebec  and  the  Maritime  Provinces.  In  1918  he  was 
engineer  in  charge  of  munitions  production  for  the  company, 
and  later,  until  1921,  he  was  manager  of  construction.  In 
1921-1925  Mr.  Black  was  works  manager  for  the  same 
company,  and  in  1926  became  vice-president  and  managing 
director,  which  office  he  has  held  until  the  present  time. 

Mr.  Black  is  president  of  the  Industrial  Relations 
Committee  of  the  Canadian  Manufacturers'  Association, 
and  was  this  year  appointed  employers'  delegate  to  the 
International  Labour  Conference  at  Geneva.  He  has  been 
actively  associated  with  the  efforts  of  the  Canadian  Con- 
struction Association  to  promote  revival  in  the  construction 
industry. 

J.  W.  Hughson,  A.M.E.I.C,  graduated  from  McGill 
University  with  the  degree  of  B.Sc.  in  1912.  From  February 
1916  until  November  1918  he  served  in  the  Canadian 
Expeditionary  Force,  and  in  1917-1918  was  with  the 
Canadian  Forestry  Corps  in  France,  having  the  rank  of 
Captain.  After  the  war  he  was  for  a  year  in  Brooklyn, 
N.Y.,  as  engineer  in  charge  of  Tidewater  Paper  Mills,  and 
returning  to  Canada  in  1920  he  was  for  some  time  with 
the  Montreal  Engineering  Company  Limited.  In  1923  he 
became  associated  with  the  financial  firm  of  W.  C.  Hughson 
and  Sons  Limited,  Ottawa,  and  has  remained  with  that 
organization  until  the  present  time. 

W.  L.  R.  Stewart,  a.m.e.i.c,  graduated  from  the  Royal 
Military  College,  Kingston,  Ont.,  in  June  1920.  Following 
graduation  he  was  for  a  time  with  Lockwood  Greene  and 
Company  as  assistant  on  construction  work.  In  1921-1922 
he  was  with  the  Abitibi  Power  and  Paper  Company  and 
Morrow  and  Beatty  Limited,  as  assistant  resident  engineer 
on  the  Twin  Falls  power  development,  and  on  townsite 
development  work  at  Iroquois  Falls  and  Kapuskasing,  Ont. 
He  was  later  engineer  on  building  construction  work  for  the 
Robert  Reford  Company,  Montreal,  and  in  1924  was  field 
engineer  with  the  Newton  Dakin  Construction  Company 
Limited,  remaining  with  that  firm  until  1927,  first  as  office 
engineer  and  estimator  at  the  Montreal  office,  and  then  as 
managei'  of  the  Sherbrooke  office  and  district.    In  March 
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1927  he  founded  and  became  managing  director  of  the 
Stewart  Construction  Company  Limited,  at  Sherbrooke, 
Que.  and  has  held  that  office  up  to  the  present  time.  He 
has  served  as  vice-president  of  the  Canadian  Construction 
Association. 

Dr.  Surveyer  graduated  from  Laval  University  with 
the  degree  of  B.A.  in  1898,  and  from  the  Ecole  Polytech- 
nique  with  the  degree  of  B.A.Sc.  and  C.E.  in  1902.  In  1924 
the  degree  of  Doctor  of  Engineering  was  conferred  upon 
him  by  the  Rensselaer  Polytechnic  Institute.  He  com- 
menced his  professional  career  with  the  Public  Works 
Department  of  Canada  in  1904,  and  remained  with  that 
Department  until  1911  when  he  entered  private  practice 
in  Montreal.  In  1912  he  reported  to  the  Federal  government 
on  the  effect  of  the  Chicago  Drainage  Canal  diversion  on 
the  harbours  of  the  St.  Lawrence  river  and  the  Great  Lakes. 
He  was  later  associated  in  making  a  joint  report  on  the 
advisability  of  the  government  guaranteeing  the  bonds  of 
the  Montreal  Tunnel  Company  and  the  Montreal  Central 
Terminal  Company.  During  his  career  Dr.  Surveyer  has 
been  employed  in  a  consulting  capacity  by  many  important 
cities  in  the  province  of  Quebec  as  well  as  the  Department 
of  Public  Works,  Canada,  the  Department  of  Lands  and 
Forests,  Quebec,  and  the  Quebec  Streams  Commission. 

Dr.  Surveyer  has  rendered  voluntary  service  for  a 
number  of  years  on  the  Research  Council  of  Canada.  He 
became  President  of  The  Institute  in  1924  on  the  death  of 
W.  J.  Francis,  and  served  until  the  end  of  1925. 

A  Proposed  Structural  Welding  Bureau 
for  Canada 

The  structural  fabricating  firms  of  Canada,  realizing 
the  great  progress  that  has  been  made  during  the  past  few 
years  in  the  important  art  of  electric  welding  and  that  this 
art  is  a  very  useful  tool  in  the  processing  of  structural  units 
when  in  the  hands  of  competent  operators  and  under  the 
guidance  of  technically  trained  supervisors,  have  foreseen 
the  necessity  of  some  controlling  body  for  the  certification 
of  operators,  supervisors  and  shops. 

The  rapid  growth  in  the  application  of  welding  to 
structural  work  is  the  result  of  a  demand  by  purchasers, 
architects  and  engineers  throughout  the  country,  also  by 
the  general  public  for  quiet  erection,  particularly  in  the 
large  cities. 

Specifications  covering  welded  structural  building 
frames,  together  with  a  code  covering  the  qualification  and 
testing  of  operators,  are  at  the  present  time  being  for- 
mulated by  the  Canadian  Engineering  Standards  Associa- 
tion. For  the  protection  of  the  public,  it  is  very  necessary 
that  there  should  be  some  controlling  body  for  the  operation 
of  such  a  code,  through  which  purchasers  and  engineers  can 
be  assured  of  good  workmanship,  combined  with  open  com- 
petition. Further,  there  is  the  necessity  of  control  to  safe- 
guard first  class  fabricating  firms  against  unfair  competi- 
tion and  to  prevent  an  undue  distrust  in  welded  fabrication. 
The  public,  purchaser,  engineer  and  fabricator  can  only  be 
adequately  protected  by  the  operation  of  some  competent 
controlling  body. 

At  a  meeting  of  fabricators,  representatives  from  the 
steel  mills,  and  the  engineering  profession,  held  in  Toronto 
on  December  1.3th,  1934,  it  was  decided: — 

(1)  To  form  a  Structural  Welding  Bureau. 

(2)  That  the  Bureau  should  control  the  operation  of 
the  Code. 

(3)  That  the  membership  of  the  Bureau  should  be 
open  to  all  first  class  fabricators  and  have  the 
active  support  of  public  engineering  opinion. 

(4)  That  the  Bureau  should  be  put  into  effective 
operation  without  undue  delay  and  as  soon  as 
the  Code  is  formulated  and  accepted  by  the 
C.E.S.A. 


Such  a  code  and  governing  authority  are  not  new  in 
this  country  or  the  United  States  and  have  for  instance 
been  in  operation  for  some  years  in  Canada  in  connection 
with  the  fabrication  of  pressure  vessels  under  the  control 
of  the  Provincial  Departments  of  Labour.  This  could  also 
be  done  with  regard  to  structural  welding  fabrication,  but 
it  was  felt  that  a  great  deal  of  time  would  be  lost  while 
provincial  laws  were  being  enacted,  and  there  would  also 
be  the  possibility  of  having  to  work  under  a  different  code 
for  each  province;  whereas,  if  the  matter  were  made  nation- 
wide by  the  formation  of  a  Dominion-wide  Structural 
Welding  Bureau,  the  provinces  would  adopt  the  code  and 
operate  it  if  at  any  time  they  should  see  fit. 

Efforts  have  also  been  made  in  the  United  States  by 
some  members  of  the  American  Welding  Society  to  establish 
a  code  and  governing  authority  for  structural  welding.  In 
Australia,  where  through  lack  of  adequate  riveting  facilities, 
the  art  of  welding  has  been  developed  intensively,  they  have 
a  well-drawn  specification  and  rigid  requirements  for  the 
training  and  certification  of  both  operators  and  supervisors. 

At  the  meetmg  held  in  Toronto  a  provisional  com- 
mittee was  formed  consisting  of  Mr.  R.  K.  Palmer,  m.e.i.c, 
of  the  Hamilton  Bridge  Company;  Mr.  R.  A.  Spencer, 
A. M.E.I.C,  of  the  Canadian  Bridge  Company;  Mr.  C.  E. 
Disher  of  the  Disher  Construction  Company,  and  Mr.  F. 
Newell,  M.E.I.C,  of  the  Dominion  Bridge  Company  Limited, 
as  Chairman  and  Secretary,  for  the  purpose  of  organizing 
the  Bureau  and  placing  it  in  operation  as  soon  as  the  code 
has  been  formulated  and  passed  by  the  Canadian  Engineer- 
ing Standards  Association. 

Meeting  of  Council 

A  meeting  of  the  Council  of  The  Institute  was  held 
at  Headquarters  on  Friday,  December  14th,  1934,  at  eight 
o'clock  p.m.,  with  President  F.  P.  Shearwood,  m.e.i.c,  in 
the  chair,  and  four  other  members  of  Council  present. 

After  consideration  it  was  unanimously  resolved  that 
The  Institute  recommend  to  the  Kelvin  Medal  Award 
Committee  that  the  1935  award  of  the  medal  be  made  to 
Sir  James  Alfred  Ewing. 

Council  considered  and  approved  the  report  of  The 
Institute's  committee  appointed  by  Council  to  make 
recommendations  on  questions  dealing  with  the  letting  of 
contracts  for  public  works,  which  had  been  referred  to 
The  Institute  by  the  National  Committee  on  Sound  Public 
Finance,  a  body  sponsored  by  the  Canadian  Chamber  of 
Commerce,  and  it  was  decided  to  forward  it  to  the  Canadian 
Chamber  of  Commerce  as  a  report  from  the  Council  of 
The  Institute. 

A  letter  from  the  chairman  of  the  Winnipeg  Branch 
was  submitted  stating  that  the  proposals  for  joint  executive 
control  of  the  Winnipeg  Branch  of  The  Institute  and  the 
Association  of  Professional  Engineers  of  Manitoba,  had  not 
been  approved  by  the  Council  of  that  Association.  Accord- 
ingly it  would  not  be  possible  to  carry  out  the  proposals, 
and  it  had  been  necessary  for  the  executive  committee  of 
the  branch  to  drop  the  amendments  to  the  branch  by-laws 
which  had  been  approved  by  Council  at  its  meeting  on 
November  16th.  This  announcement  was  noted  and 
received  by  Council  with  great  regret. 

Three  resignations  were  accepted,  four  requests  for 
reinstatement  were  approved,  a  number  of  members  were 
replaced  on  the  active  list,  three  Life  Memberships  were 
granted,  and  a  nutnber  of  special  cases  were  considered. 

A  number  of  applications  for  admission  and  for  transfer 
were  considered,  and  the  following  elections  and  transfers 
were  effected: 

Elections  Transfers 

Assoc.  Members 2  Assoc.  Member  to  Member ...  3 

Affiliate 1  Junior  to  Assoc.  Member 1 

Students  admitted 5  Student  to  Junior 1 

The  Council  rose  at  eleven  twenty-five  p.m. 
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OBITUARIES 

Edward  Arthur  Hoare,  M.E.I. C. 

With  the  death  at  Quebec,  Que.,  on  November  23rd, 
1934,  of  Edward  Arthur  Hoare,  m.e.i.c,  The  Institute  loses 
one  of  its  oldest  members,  who  joined  the  Canadian  Society 
of  Civil  Engineers  at  its  formation  nearly  fifty  years  ago. 

Mr.  Hoare  was  born  in  Hampshire,  England,  on 
December  8th,  1846,  receiving  his  education  at  a  prepara- 
tory school  in  London  and  the  King's  School  in  Rochester, 
and  his  engineering  training  at  the  Royal  Engineers'  Depot, 
Chatham,  and  in  the  office  of  T.  W.  Wilson,  civil  and 
mechanical  engineers,  in  London. 

Coming  to  Canada  in  1868,  his  first  appointment  was 
as  assistant  engineer  with  the  Toronto,  Grey  and  Bruce 
Railway,  which  position  be  held  until  1870  when  he  be- 
came resident  engineer  for  the  Great  Western  Railway,  the 
Wellington  Grey  and  Bruce  Railway,  and  assistant  en- 
gineer for  the  London,  Huron  and  Bruce  Railway.  In 
1873-1884  Mr.  Hoare  was  resident  engineer  for  the  North 
Shore  Railway,  and  chief  assistant  to  the  chief  engineer 
of  the  same  line  when  it  was  transferred  to  the  Quebec 
Government  Railways.  From  1884  until  1898  he  was 
superintendent  engineer  for  H.  J.  Beemer,  contractor,  on 
railway  and  waterworks  construction,  and  chief  engineer 
of  the  Quebec  and  Lake  St.  John  Railway,  and  of  the  Great 
Northern  Railway  (from  the  main  line  of  the  Quebec  and 
Lake  St.  John  Railway  to  Hawkesbury,  Ontario).  In 
1898  Mr.  Hoare  was  appointed  chief  engineer  of  the  Quebec 
Bridge  and  Railway  Company,  and  in  1909  became  district 
engineer  of  the  Quebec  Terminals  for  the  National  Trans- 
continental Railway.  In  1913  he  was  appointed  superin- 
tending engineer  for  the  Federal  Department  of  Public 
Works,  in  charge  of  the  St.  Charles  river  harbour  im- 
provement works,  and  held  that  post  until  his  retirement  in 
1921. 

Mr.  Hoare  was  a  Member  of  the  Institution  of  Civil 
Engineers  (Great  Britain).  He  joined  The  Institute  (then 
the  Canadian  Society  of  Civil  Engineers)  as  a  Member-  on 
January  20th,  1887,  and  was  made  a  Life  Member  on 
October  17th,  1930. 

Lewis  Wynne  Wynne-Roberts,  M.E.I.C. 

It  is  with  great  regret  that  we  place  on  record  the 
death  at  Toronto,  Ontario,  on  December  8th,  1934,  of 
Lewis  Wynne  Wynne-Roberts,  m.e.i.c. 

Mr.  Wynne-Roberts  was  born  at  Caernarvon,  North 
Wales,  on  November  14th,  1891,  and  was  educated  at  the 
South  African  College  School,  Capetown,  the  county  school 
Towyn,  Wales,  1907-1909,  and  the  University  of  London, 
London,  graduating  from  the  latter  institution  in  1912  with 
the  degree  of  B.Sc. 

Coming  to  this  country  in  that  year,  Mr.  Wynne- 
Roberts  went  to  Regina,  and  until  November  1915  was 
assistant  engineer  with  the  Board  of  Highway  Com- 
n  issioners  of  the  government  of  Saskatchewan,  engaged 
on  bridge  construction.  At  the  beginning  of  1916  he  was 
with  the  Ministry  of  Munitions  in  England,  and  from 
April  of  that  year  until  November  1919  served  with  the 
Royal  Engineers  as  follows :  in  India  as  instructor  in  military 
engineering;  in  Mesopotamia  with  a  Sapper  Field  Company, 
and  in  Persia  as  field  engineer  on  roads  and  bridges.  Re- 
turning to  Canada,  Mr.  Wynne-Roberts  was  engineer  in 
charge  of  erection  of  the  Barrett  plant  at  Ashbridge's  Bay, 
Toronto,  until  May  1920,  and  later,  until  May  1922,  was 
resident  engineer,  with  the  Department  of  Public  High- 
ways, Ontario,  on  bridge  and  highway  construction.  He 
then  became  assistant  engineer  with  Frank  Barber  and 
Associates,  Toronto,  and  in  April  1923  joined  the  firm  of 
Wynne-Roberts,  Son  and  McLean,  consulting  engineers, 
designing  and  supervising  the  construction  of  water  supply 
systems,  sewerage  systems,  sewage  disposal  plants,  pave- 


ments, etc.,  and  being  engaged  on  numerous  investigations 
and  appraisals  of  an  engineering  nature. 

Mr.  Wynne-Roberts  was  elected  a  Junior  of  The 
Institute  on  February  10th,  1914,  an  Associate  Member 
on  July  22nd,  1919,  and  a  Member  on  April  28th,  1933. 
He  took  an  active  interest  in  Institute  affairs,  and  in  those 
of  the  Toronto  Branch  of  which  he  was  chairman  in  1928- 


L.  W.  WYNNE-ROBERTS,  M.E.I.C. 

29.    He  represented  the  Toronto  Branch  on  the  Council 
during  the  years  1930,  1931  and  1932. 

His  untimely  death  removes  one  of  the  most  promising 
of  our  younger  engineers  and  leaves  a  gap  in  their  ranks 
which  will  be  difficult  to  fill. 

Abram  Silas  Code,  A.M.E.I.C. 

Regret  is  expressed  in  placing  on  record  the  death  of 
Abram  Silas  Code,  a. m.e.i.c,  at  Alvinston,  Ontario,  on 
November  23rdj  1934. 

Mr.  Code  was  born  at  Alvinston  on  September  18th, 
1873,  and  after  serving  three  years  with  Messrs.  Coad  and 
Robertson,  Glencoe,  Ont.,  was  admitted  to  the  Association 
of  Ontario  Land  Surveyors  in  1896.  In  the  same  year  he 
was  assistant  surveyor  for  the  townships  of  Archibald  and 
Tupper,  and  in  1897  he  became  township  engineer  for 
Brooke  Township.  In  1899  Mr.  Code  was  assistant 
engineer  for  the  Tilsonburg,  Lake  Erie  and  Pacific  Railroad, 
and  in  1901  he  was  engaged  on  the  erection  of  a  steel  bridge 
for  Lambton  county  over  the  Sydenham  river.  In  1902  he 
built  two  steel  bridges  for  Brooke  township,  devised  a  steel 
bridge  for  PetroUa,  Ont.,  and  made  a  survey  for  the  Ontario 
government  of  Lundy  township.  He  was  later  town 
engineer  for  Watford,  Alvinston,  Thedford  and  Oil  Springs. 
Mr.  Code  was  subsequently  in  private  practice  in  Alvinston, 
and  was  a  recognized  expert  in  drainage  work,  having  laid 
out  and  supervised  many  drainage  projects  in  south- 
western and  eastern  Ontario. 

Mr.  Code  became  an  Associate  Member  of  The 
Institute  (then  the  Canadian  Society  of  Civil  Engineers) 
on  April  23rd,  1903. 

XlVth  International  Housing  and  Town 
Planning  Congress 

The  XlVth  International  Housing  and  Town  Planning  Congress 
is  to  be  held  in  London,  England,  in  July  1935.  The  exact  date  will 
be  announced  shortly,  with  a  preliminary  programme.  The  principal 
subjects  for  discussion  will  be:  Rehousing  the  People;  Positive  Planning, 
and  Planned  Rural  Development. 

The  President  of  the  Congress  will  be  the  Right  Hon.  Sir  Edward 
Hilton  Young,  M.P.,  British  Minister  of  Health. 

The  new  developments  in  housing  and  town  planning  in  England 
are  of  the  greatest  interest  and  importance  and  facilities  have  been 
promised  that  will  make  the  Congress  one  of  the  most  valuable  that 
the  Federation  has  held. 
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PERSONALS 

A.  S.  Holder,  s.e.i.c,  has  recently  joined  the  staff  of 
Canadian  Industries  Limited  at  Shawinigan  Falls,  Que. 
Mr.  Holder  graduated  from  the  Nova  Scotia  Technical 
College  this  year  with  the  degree  of  B.Sc. 

G.  H.  Duggan,  m.e.i.c,  president  of  the  Dominion 
Bridge  Company  Limited,  and  the  Dominion  Engineering 
Works,  Ltd.,  has  been  appointed  a  vice-president  of  the 
Royal  Bank  of  Canada.  Mr.  Duggan  has  been  a  director 
of  that  institution  since  1916. 

Mr.  Duggan  is  a  director  of  the  Steel  Company  of 
Canada,  the  Dominion  Steel  and  Coal  Corporation,  the 
Montreal  Trust  Company,  the  Wayagamack  Pulp  and 
Paper  Company,  and  a  number  of  other  industrial  concerns. 
He  was  a  director  and  chief  engineer  of  the  St.  Lawrence 
Bridge  Company  when  that  company  designed  and  con- 
structed the  superstructure  of  the  Quebec  bridge. 

In  1930  Mr.  Duggan  was  the  recipient  of  the  Sir  John 
Kennedy  Medal,  which  is  awarded  by  The  Institute  not 
for  the  presentation  of  a  paper,  but  as  a  recognition  of 
outstanding  merit  in  the  profession,  or  of  noteworthy 
contribution  to  the  science  of  engineering. 

James  A.  Knight,  m.e.i.c,  has  recently  been  appointed 
to  the  staff  of  Brunner,  Mond  (Canada)  Limited  at  Toronto, 
Ont.,  and  will  be  engaged  in  research  work  and  the  sales 
development  of  calcium  chloride. 

Mr.  Knight  graduated  from  the  University  of  Toronto 
in  1914  with  the  degree  of  B.A.Sc,  and  shortly  afterwards 
went  overseas  with  the  Canadian  Engineers.  Returning 
to  Canada  in  1919  he  was  with  the  Hydro-Electric  Power 
Commission  of  Ontario  as  designing  draughtsman  until 
1926  when  he  was  appointed  assistant  testing  engineer.  In 
1928  Mr.  Knight  joined  the  staff  of  the  Alcoa  Power 
Company  as  hydraulic  engineer  on  the  Chute-a-Caron 
development,  remaining  with  that  company  until  1930 
when  he  became  designing  engineer  with  the  Beauharnois 
Construction  Company  at  Beauharnois,  Que. 

Mr.  Knight  has  taken  an  active  interest  in  the  affairs 
of  The  Institute,  having  served  on  the  Executive  committee 
of  the  Toronto  Branch  for  several  years,  and  as  vice- 
chairman  of  the  Branch  in  1928. 

M.  V.  Sauer,  m.e.i.c,  has  been  appointed  hydraulic 
engineer  and  general  superintendent  of  generating  stations 
for  the  Montreal  Light,  Heat  and  Power  Consolidated, 
Montreal. 

Mr.  Sauer  is  a  graduate  of  the  School  of  Practical 
Science,  University  of  Toronto,  of  the  class  of  1901,  and 
took  a  post  graduate  course  in  1902,  receiving  a  fellowship 
in  1903.  Following  graduation,  Mr.  Sauer  was  with  the 
Ontario  Power  Company  at  Niagara  Falls,  first  as  draughts- 
man and  later  as  assistant  to  the  mechanical  engineer.  He 
was  appointed  chief  designer  of  the  Niagara  Falls  Power 
Company,  Niagara  Falls,  N.Y.,  in  1905,  and  the  following 
year  was  construction  engineer  for  the  Iroquois  Construc- 
tion Company,  Buffalo,  N.Y.  In  1907  Mr.  Sauer  again 
became  associated  with  the  Ontario  Power  Company,  as 
chief  designer,  then  as  mechanical  assistant  to  the  engineer- 
in-charge,  and  subsequently,  in  1912,  as  mechanical  engineer 
in  full  charge  of  design,  field  and  inspection  department. 
He  was  later  connected  with  the  Hydro-Electric  Power 
Commission  of  Ontario,  and  occupied  a  prominent  position 
on  the  design  and  construction  of  the  Queenston-Chippawa 
power  development.  In  1923  Mr.  Sauer  became  hydraulic 
engineer  for  Canadian  Vickers  Limited,  with  headquarters 
at  Montreal,  and  in  1925  he  was  transferred  to  Toronto, 
and  was  chief  engineer  of  the  hydraulic  department  of  the 
then  recently  incorporated  Vickers  and  Combustion  Engi- 
neering Limited.  In  1926  he  was  appointed  vice-president 
of   William   Hamilton,   Limited,    at   Peterborough,    Ont., 


holding  that  office  until  1928  when  he  went  to  Winnipeg, 
Man.,  as  designing  engineer  for  the  Winnipeg  Electric  Com- 
pany. In  December  1929  Mr.  Sauer  returned  to  the  east 
as  hydraulic  engineer  for  the  Beauharnois  Construction 
Company  at  Beauharnois,  Que.,  and  in  March  1934  he 
was  appointed  assistant  chief  engineer  for  the  Beauharnois 
Light,  Heat  and  Power  Company,  from  which  position  he 
has  now  resigned. 


GROTE  STIRLING,  M.E.I.C. 

Grote  Stirling,  m.e.i.c.  Appointed  to  Cabinet 

The  Hon.  Grote  Stirhng,  m.e.i.c,  has  been  appointed 
Minister  of  National  Defence  and  acting  Minister  of 
Fisheries  in  the  Bennett  Cabinet. 

Mr.  Stirhng  was  born  at  Tunbridge  Wells,  England, 
on  July  31st,  1875,  and  was  educated  at  University  College 
School,  London,  and  the  Crystal  Palace  School  of  Engi- 
neering, graduating  from  the  latter  institution  in  1895. 
Following  graduation  he  was  for  several  years  occupied  in 
railway  work  as  assistant  resident  engineer  and  resident 
engineer  with  the  Midland  and  Great  Northern  Joint  Rail- 
ways, and  in  1907-1911  he  was  in  private  practice  in  Nor- 
folk, England.  Coming  to  this  country  in  1911,  Mr. 
Stirling  was  resident  engineer  during  1912-1913  on  the 
construction  of  the  Black  Mountain  Water  Company's 
main  irrigation  system  at  Kelowna,  B.C.,  and  has  since 
been  engaged  in  private  practice  in  that  part  of  the  country. 

In  1901  Mr.  Stirling  was  elected  an  Associate  Member 
of  the  Institution  of  Civil  Engineers,  and  joined  The 
Institute  as  a  Member  in  1927. 

He  was  first  elected  to  Parhament  in  November  1924, 
when  the  seat  at  Yale,  B.C.,  was  vacated  by  the  death  of 
J.  A.  McKelvie,  and  he  was  re-elected  in  the  three  suc- 
ceeding general  elections  of  1925,  1926  and  1930. 

Sir  Herbert  S.  Holt,  m.e.i.c,  has  relinquished  the 
presidency  of  the  Royal  Bank  of  Canada  and  now  becomes 
chairman  of  the  board  and  chairman  of  the  executive 
committee.  In  assuming  the  newly  created  position  of 
chairman  of  the  board.  Sir  Herbert  will  continue  a  con- 
nection with  the  Royal  Bank  which  began  nearly  thirty 
years  ago  with  his  election  as  a  director  in  February  1905. 
He  was  appointed  vice-president  of  the  bank  two  years 
later,  and  became  its  president  on  November  16th,  1908. 

Born  in  Ireland  in  1855,  Sir  Herbert  Holt  was  educated 
in  that  country,  and  on  coming  to  Canada  in  1873,  he 
became  an  assistant  engineer  on  the  Toronto  Water  Works. 
From  December  of  that  year  until  May  1874  he  was  assist- 
ant engineer  and  transitman  on  a  topographical  survey  for 
the  Credit  Valley  Railway,  and  following  this  became 
transitman  and  assistant  engineer  on  the  Victoria  Railway. 
In  the  next  year  Sir  Herbert  was  division  engineer  on  the 
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Lake  Simcoe  Junction  Railway,  and  he  later  returned  to 
the  Credit  Valley  Railway  as  engineer  in  charge  of  track, 
buildings  and  bridges  on  93  miles.  From  May  1880  to 
March  1883  he  was  engineer  of  the  railway,  and  in  addi- 
tion from  February  1882  he  was  engineer  in  charge  of  the 
draughting  office  of  the  Ontario  and  Quebec  Railway. 
From  March  1883  to  July  1884  Sir  Herbert  was  assistant 
superintendent  of  construction  and  engineer  in  charge  of 
construction  of  track,  buildings  and  bridges  on  500  miles 
of  the  Canadian  Pacific  Railway,  and  in  1885-1886  he  was 
contractor  for  heavy  tunnel  and  rock  work  on  the  Rocky 
Mountain  division  of  the  Canadian  Pacific  Railway.  In 
1886  he  was  contractor  on  the  Ontario  and  Quebec  Rail- 
way, and  in  1887  contractor  and  engineer  for  40  miles  of 
the  Winnipeg  and  Hudsons  Bay  Railway.  Later  Sir  Herbert 
came  east,  and  acquiring  control  of  the  Montreal  Gas 
Company  and  the  Royal  Electric  Company,  proceeded  to 
l)uild  up  around  these  two  companies  the  organization  that 
is  now  known  as  Montreal  Light,  Heat  and  Power  Con- 
solidated. Sir  Herbert  Holt's  career  as  a  banker  dates 
from  1902  when  he  became  president  of  the  Sovereign  Bank, 
from  which  he  resigned  to  become  a  director  of  the  Royal 
Bank  of  Canada.  He  received  the  honour  of  knighthood 
in  1915. 

He  is  one  of  our  senior  members,  having  joined  The 
Institute  (then  the  Canadian  Society  of  Civil  Engineers) 
as  an  Associate  Member  in  1889,  transferring  to  Member 
in  December  of  the  same  year. 


ELECTIONS  AND  TRANSFERS 

At  the  meeting  of  Council  held  on  December  14th, 
1934,  the  following  elections  and  transfers  were  effected: 

Associate  Members 

BERRY,  Theodore  Victor,  B.A.Sc,  (Univ.  of  B.C.),  Secretary- 
Treasurer,  Vancouver  and  District  Joint  Sewerage  and  Drainage 
Board,   Vancouver,   B.C. 

TREMBLAY,  Solyme  Neree,  (Member  by  exam.,  Corpn.  Prof. 
Engrs.  Que.),  engr.,  Quebec  Streams  Commission,  Montreal,  Que. 

Affiliate 

WINDER,  John,  chief  electrn.  and  elect'l.  engr.,  Molsons  Brewery 
Limited,   Montreal,  Que. 

Transferred  from  the  class  of  Associate  Member  to  that  of 
Member 

BERRY,  Albert  Edward,  B.A.Sc,  M.A.Sc,  C.E.,  Ph.D.,  (Univ.  of 
Toronto),  director.  Sanitary  Engrg.  Divn.,  Ontario  Dept.  of  Health, 
Toronto,  Ont. 

COLHOUN,  George  A.,  Grad.  S.P.S.,  (Univ.  of  Toronto),  designing 
engr.,  Hamilton  Bridge  Company,  Hamilton,  Ont. 

MOUNT,  Wilfred  Rowland,  (Camborne  Sch.  of  Metalliferous 
Mining),  res.  engr..  City  of  Edmonton,  Alta. 

Transferred  from  the  class  of  Junior  to  that  of  Associate 
Member 

HALL,  Stewart  William  Sheridan,  B.A.Sc,  (Univ.  of  Toronto), 
plan  examiner.  City  Bldg.  Dept.,  Toronto,  Ont. 

Transferred  from  the  class  of  Student  to  that  of  Junior 
WISHART,    William   Donald,    B.Sc.    (E.E.),    (Univ.    of    Man.), 
Lieut.,  R.C.C.S.,  Camp  Borden,  Ont. 

Students  Admitted 

BURRT,  Henry  William,  (McGill  Univ.),  1581  St.  Andre  St., 
Montreal,  Que. 

COUSINEAU,  Louis  Philippe,  (Ecole  Polytechnique),  4603  St. 
Catherine  St.  East,   Montreal,  Que. 

DEMBITZKY,  Thomas,  (Univ.  of  Toronto),  206  Royce  Ave., 
Toronto,  Ont. 

LONDON,  Woodrow  Parker,  B.Sc  (E.E.),  (Univ.  of  N.B.),  174 
Waterloo  St.,  Saint  John,  N.B. 

TRUDEL,  Louis,  (Ecole  Polytechnique),  3450  Berri  St.,  Montreal, 
Que. 


CORRESPONDENCE 


Vancouver,  B.C. 
December  20th,  1934 


The  Secretary, 

Encjineerinq  Institute  of  Canada, 

2050  Man.sfield  St., 

Montreal,  Que. 

Sir:— 

The  writer  has  been  much  interested  in  the  article  by  J.  B.  Mac- 
phail,  A.M.E.I.C.,  in  the  December  issue  of  The  Journal,  in  which  he 
treats  of  The  Hydrostatic  Cord. 

In  the  Brooks  aqueduct,  designed  twenty  years  ago  by  the  writer, 
the  trough  is  built  to  this  curve-variety  as  shown  in  the  author's 
Fig.  ?g.  In  the  Brooks  aqueduct,  the  tangents  at  points  of  suspension 
slope  at  60  degrees  to  the  horizontal. 

Prior  to  undertaking  the  design,  the  writer  attempted  a  mathemat- 
ical anslysis  of  the  curve  and  arrived  at  a  differential  equation  similar 
to  that  of  the  author.  He  reahzed  that  integration  would  involve 
elliptic  functions  but  his  mathematical  equipment  failed  him  at  that 
point.  However,  knowing  that  the  curve  was  one  form  of  The  Elastica, 
he  worked  out  a  method  of  determining  the  X-Y  co-ordinates  by  a 
mechanical  process.  Preliminary  work  to  determine  the  best  form — 
i.e.,  the  best  tangent  angle — was  done  with  a  piece  of  clock  .spring  and 
a  planimeter.  The  final  determination  of  the  co-ordinates  was  made 
full  size  with  a  spline  of  clear  fir  %  by  3  inches  supported  on  bicycle 
balls  to  eliminate  friction.  After  the  spline  was  bent  to  approximate 
shape,  the  platform  was  jarred  until  apparent  movement  ceased. 
The  co-ordinates  were  then  measured  and  recorded.  This  was  repeated 
several  times  with  different  splines.  Each  spline  was  used  four  times — 
turned  end  for  end  and  inside  for  outside — and,  while  differences  in 
the  co-ordinates  were  observed,  none  were  of  great  magnitude.  The 
average  of  all  was  finally  adopted.  Later,  the  writer  worked  out  an 
approximate  method  of  calculating  the  co-ordinates  from  the  property 
that  the  radius  of  curvature  varies  inversely  with  the  depth  of  the 
point  below  the  surface.  This  calculation  checked,  but  did  not  alter 
the  values  from  the  splines. 

The  shell  of  the  aqueduct  is  concrete  with  tension  reinforcement 
in  two  layers.  The  question  of  stresses  under  a  partial  load — partially 
filled — came  up.  These  could  be  calculated  approximately  and  appeared 
to  be  moderate  but,  to  make  sure,  a  fuU-size  model  was  tested.  Deflec- 
tions were  found  very  small,  and  the  apparent  stresses  much  less  than 
were  calculated. 

H.  B.  MUCKLESTON,  M.E.I.C. 

BOOK  REVIEWS 

Die  Castings 

By  Herbert  Chase,  John  Wiley  and  Sons,  New  York,  19S4- 

6  hy  9li  inches,  264  pages,  $3.60.     Cloth. 

Reviewed  by  H.  P.  Ray* 

For  anyone  wishing  to  keep  abreast  of  the  times,  as  to  the  progress 
made  of  recent  years  in  the  art  of  die  casting,  a  perusal  of  this  book 
would  be  well  worth  while. 

To  one  who  had  trouble  with  some  of  the  die  castings  produced 
a  decade  or  two  ago,  it  is  very  interesting  to  learn  that  die  casters 
have  now  discovered  the  cause  of  such  defects  as  dimensional  instabiUty, 
and  intergranular  corrosion,  and  take  such  precautions  with  their  alloys 
that  the  faults  too  often  prevalent  in  the  early  die  castings  have  been 
practically  eliminated. 

The  first  third  of  the  book  contains  many  halftone  illustrations 
of  die  castings  made  for  various  applications:  automotive,  household, 
office  and  store,  machine,  electrical,  instrument,  hardware,  liquid  and 
gas,  toy  and  sporting  and  ornamental.  The  footnotes  under  the  illustra- 
tions are  very  complete  in  giving  information  as  to  the  basic  alloy 
used  for  the  part  illustrated,  and,  if  relevant,  the  reason  for  the  choice 
is  also  stated. 

The  next  chapter  deals  with  alloys:  zinc,  aluminum,  copper,  tin, 
lead  and  magnesium.  Several  tables  give  both  the  composition  and 
physical  properties  of  alloys  codified  by  the  A.S.T.M.  or  the  S.A.E. 
and  the  same  information  on  alloys  commonly  used  but  not  yet  codified 
by  a  national  society. 

A  chapter  on  the  design  of  die  castings  is  well  illustrated  with  line 
drawings  of  typical  castings.  The  main  dimensions  and  tolerances  on 
particular  dimensions  give  one  a  good  idea  of  the  size  of  castings,  and 
the  degree  of  accuracy  at  present  attainable.  The  author  wisely  stresses 
the  desirability  of  complete  co-operation  between  the  customer  and 
die  caster.  Co-operation  usually  reacts  to  the  benefit  of  both  parties, 
particularly  the  customer,  for  the  die  caster  has  many  stunts  in  his  bag 
of  tricks. 

A  chapter  on  specifications,  inspection  and  tests  fully  covers  these 
details. 

The  last  chapter  gives  a  comprehensive  outline  of  the  various 
types  of  finishes  available  for  die  castings.  It  covers  the  preparation 
of  the  surface  to  receive  the  subsequent  finish ;  the  technique  of  plating 
with  nickel,  chromium,  copper,  silver  and  gold;  and  the  application 
of  the  organic  finishes:  paints,  varnishes,  enamels,  lacquers  and  japans. 

'Northern  Electric  Company,  Montreal. 
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Industrial  Standardization 

By  John  Gaillard,  the  H.  W.  Wilson  Company,  New  York,  1934. 
6H  by  9  inches.    123  pages.    &2.00.    Cloth. 

Reviewed  by  B.  Stuart  McKenzie,  m.e.i.c* 

This  book  is  an  engineering  thesis  written  by  the  author  in  prepara- 
tion for  a  higher  engineering  degree  in  a  European  university.  He  has, 
for  some  years,  occupied  the  position  of  mechanical  engineer  on  the 
staff  of  the  American  Standards  Association,  and  as  such  has  been 
responsible  for  the  mechanical  features  of  A.S.A.  specifications  and  has 
been  the  representative  of  that  organization  at  conferences  of  the 
International  Standards  Association  held  at  various  European  centres. 
He  is  therefore  well  equipped  to  speak  with  authority  on  standards 
from  both  the  American  and  the  European  point  of  view. 

Starting  with  the  evolution  of  types  of  standards  in  the  early 
stages,  he  traces  the  development  through  different  types  of  industry, 
outlining  the  essential  functions  of  standardization  and  discussing 
technical  and  managerial  standards.  He  discusses  also  the  benefits 
of  standardization  in  company  organization,  with  special  reference  to 
design,  manufacture,  inspection  and  testing,  giving  information  on  the 
technique  of  standardization  and  simplification.  The  author  deserves 
special  mention  for  the  summary  which  appears  at  the  conclusion  of 
each  chapter. 

Chapter  I,  on  the  evolution  of  standardization,  notably  the 
discussion  of  the  human  factor,  can  be  commended  to  the  thoughtful 
consideration  of  those  who  have  an  honest  desire  to  inform  them- 
selves on  the  underlying  principles  of  standardization;  principles 
which  are  all  too  seldom  appreciated  by  those  in  whose  interests  the 
work  is  prosecuted. 

In  Chapter  II,  the  author  cites  the  case  of  the  automobile  industry, 
one  of  the  most  outstanding  examples  of  what  intelligent  standardiza- 
tion can  accomplish  in  the  mechanical  field,  and  he  makes  special 
reference  to  the  work  of  the  Society  of  Automotive  Engineers. 

In  Chapter  III,  the  author  enunciates  a  comprehensive  definition 
of  a  standard  and  proceeds  to  discuss  it  in  detail  under  two  main  head- 
ings, technical  and  managerial,  the  first  dealing  with  mechanical  or 
scientific  matters  and  the  second  with  an  even  more  important  feature, 
the  human  element. 

Chapter  IV,  is  somewhat  technical,  dealing  with  interchangeability, 
limits  and  fits  and  tolerances,  and  the  standpoint  of  the  mechanical 
engineer  is  here  somewhat  emphasized. 

In  Chapter  V,  the  author  traces  the  development  of  standardization 
mainly  in  the  United  States,  giving  some  data  on  expenditures  on  this 
work.  Reference  is  made  to  the  work  of  Mr.  F.  W.  Taylor,  who  as 
far  back  as  1895  set  forth  his  principles  of  shop  management,  which 
were  at  that  time  received  with  little  enthusiasm  by  engineers  and 
industrialists.  Now,  however,  these  principles  have  proved  to  be 
essentially  sound  as  evinced  by  the  increasing  interest  which  trade 
associations  are  taking  in  the  work  of  industrial  standardization. 

Chapter  VI  deals  with  standards  in  a  manufacturing  concern, 
indicating  the  relation  between  a  standards  department  and  the  other 
departments  involved  and  stressing  the  benefits  accruing  to  each  depart- 
ment. This  matter  is  considered  under  three  main  heads,  design, 
manufacturing  practice,  inspection  and  testing. 

In  the  concluding  chapter  the  author  presents  a  working  plan  for 
a  standards  department.  In  elaborating  on  this  plan  he  deals  with 
company  standardization,  the  position  of  a  standards  department,  and 
the  technique  of  standardization  work,  including  redesign  and  sim- 
plification. The  summary  at  the  end  of  this  chapter  is  specially  recom- 
mended for  careful  reading. 

This  book  can  be  heartily  recommended  to  anyone  who  has  a 
sincere  desire  for  information  on  an  industrial  movement  which  was 
never  more  valuable  to  industry  than  at  the  present  time. 


'Secretary,  Canadian  Engineering  Standards  Association,  Ottawa,  Ont. 

Lighting  Calculations 

By  H.  H.  Higbie,  John  Wiley  and  Sons  Inc.,  New  York,  1931,. 
6  by  9)4:  inches,  603  pages.    Diagrams,  tables.    $5.00.    Cloth. 

Reviewed  by  H.  J.  MacLeod,  m.e.i.c* 

The  author  of  this  book  is  professor  of  electrical  engineering  in  the 
University  of  Michigan  and  a  past-president  of  the  Illuminating  En- 
gineering Society.  The  book  has  grown  from  material  compiled  to  sup- 
plement, text-books  in  the  teaching  of  this  subject  over  a  period  of 
twenty-five  years.  It  is  a  comprehensive  source-book  of  lighting  data 
which,  the  author  states,  is  introduced  not  as  an  end  in  itself,  but  as  a 
basis  for  questions  and  problems  and  as  a  means  to  stimulate  interest  in 
the  subject  and  to  indicate  its  significance  and  importance.  The  author 
believes  in  the  problem  method  of  teaching  and  other  teachers  of 
illumination  will  undoubtedly  welcome  the  large  number  of  practical 
problems  which  form  a  considerable  portion  of  the  book.  Altogether 
there  are  about  a  thousand  problems  which  are  designed  for  the  most 
part  so  that  they  cannot  be  solved  by  merely  imitating  an  example. 

The  book  is  divided  into  ten  chapters  with  the  following  titles: 
Why  Bother  about  Lighting  Calculations?    Illumination  and  Light 


Flux.  Candlepower  and  Point  Source  of  Light.  Brightness.  Surface 
Sources  of  Light.  Linear  Sources.  Multiplying  Light  by  Reflections 
in  an  Enclosure.  Utilization  Coefficient:  Efficiency  of  the  Lighting 
System.  Lamps:  Light  Generators.  Visual  Effectiveness  of  Lighting. 
These  titles  indicate  the  general  scope  of  the  book  which  also  contains 
a  large  number  of  references  for  the  convenience  of  readers  who  may 
wish  to  study  particular  topics  in  greater  detail.  While  its  main  purpose 
is  educational,  it  contains  a  large  amount  of  information  which  should 
be  of  value  to  engineers  who  are  interested  in  the  problems  of  lighting. 
The  book  is  stimulating  and  imparts  something  of  the  author's 
evident  enthusiasm  for  the  subject  which  has  not  received  the  general 
attention  that  it  unquestionably  deserves. 

'Professor  of  Electrical  Engineering,  University  of  Alberta,  Edmonton,  Alta. 

RECENT  ADDITIONS  TO  THE  LIBRARY 

Proceedings,  Transactions,  etc. 

Institution  of  Naval  Architects: 
Transactions  1934. 

Reports,  etc. 

American  Society  of  Mechanical  Engineers: 

Membership  list  1934-1935. 
Canada,  Dept.  of  Mines,  Mines  Branch: 

Investigations  in  Ore  Dressing  and  Metallurgy,  January  to  June 
1933. 
Quebec,  Bureau  of  Mines: 

Annual  Report  1933.     Part  A. 
Quebec  Streams  Commission: 

22nd  Annual  Report,  1933. 
Canada,  Dept.  of  Mines: 

Report  for  Year  ending  March  31st,  1934. 
Canada,  Bureau  of  Stati.tlics: 

Statistics  of  Steam  Railways  in  Canada,  1933. 
The  Science  Museum,  London: 

Rubber:  its  Anti-Oxidants  and  Preservatives,  a  bibliography  com- 
piled by  the  Science  Library  and  the  Research  Association 
of  British  Rubber  Manufacturers,  1934. 
American  Society  for  Testing  Materials: 

Tentative  Standards.  1934. 

Technical  Books,  etc.,  Received 

Mechanics  and  Applied   Heat   with   Electrotechnics,    Moorfield   and 

Winstanley.     (Longmans,  Green  Company.) 
Profit  Engineering,  by  C.  E.  Knoeppel.     (McGraw-Hill  Book  Co.) 
Refrigeration  Data  Book,  1934-1936.     (American  Society  of  Refriger- 
ating Engineers.) 
Canadian  Trade  Index  1934.    (Canadian  Manufacturers'  Association.) 
Mechanical  Catalogue,  1934-1935.     (Am.  Society  of  Mechanical  Engi- 
neers.) 

BULLETINS 

Pumps. — A  32-page  booklet  received  from  the  Decatur  Pump  Com- 
pany, Decatur,  111.,  gives  particulars  of  the  Burks  super-turbine  pumps. 
These  pumps  are  manufactured  in  a  number  of  sizes  and  can  be  utilized 
for  various  purposes. 

Rock  Drills. — A  4-page  folder  issued  by  the  Worthington  Pump  and 
Machinery  Corporation,  Harrison,  N.J.  gives  details  regarding  the 
"Rock  Master"  rock  drilling  equipment. 

Blowers. — The  Roots-Connersville  Blower  Corporation,  Conners- 
ville,  Ind.,  have  issued  an  8-page  bulletin  which  gives  the  characteristics 
of  standard  and  heavy  duty  blowers.  Examples  of  the  various  kinds  of 
installations  are  given. 

Automatic  Switches. — A  48-page  folder  received  from  S.A.  des 
Interrupteurs  Automatiques,  Berne,  Switzerland,  contains  information 
regarding  the  installation  and  maintenance  of  time  and  cutout 
switches,  group,  staircase,  temperature,  and  remote  control  switches 
and  thermoregulators. 

Blowers. — The  Autovent  Fan  and  Blower  Company,  Chicago,  111., 
have  issued  bulletin  No.  88,  containing  16  pages,  which  gives  particulars 
of  Type  D.  Uniblade  universal  discharge  blowers  together  with  per- 
formance tables  of  the  various  sizes. 

Unit  Heaters. — Catalogue  No.  33,  issued  by  the  Autovent  Fan  and 
Blower  Company,  Chicago,  111.,  gives  tables  of  capacities  for  various 
sizes  and  steam  pressures. 

Fans. — A  15-page  booklet  issued  by  the  Autovent  Fan  and  Blower 
Company,  Chicago,  111.,  contains  particulars  of  a  number  of  types  of 
fans  for  various  uses  with  performance  tables. 

Concrete. — The  Portland  Cement  Association  have  issued  a  32-page 
booklet  entitled  "Cement  and  Concrete  Reference  Book — 1934"  which 
shows  the  growth  of  the  cement  industry  in  the  United  States  during 
the  past  60  years,  together  with  graphs  and  tables  illustrating  the 
various  phases  of  this  growth  such  as  employment  provided,  roads 
and  streets  paved,  road,  street  and  airport  maintenance  costs,  etc. 
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BRANCH  NEWS 

Calgary  Branch 

J.  Dotv,  M.E.I.C.,  Secretary-Treasurer. 
H.  W.  Tooker,  A.M.E.I.C,  Branch  Neics  Editor. 
The  first  of  a  series  of  "Thirty- A Finute  Addresses"  to  be  given 
by  various  members  with  organized  discussion  constituted  the  pro- 
gramme for  the  meeting  held  on  Thursday  evening,  November  15th, 
1934,  at  which  over  thirty  members  of  the  Calgary  Branch  and  their 
friends  were  present.    The  addresses  presented  were: 

1.  "Farming  Problems  on  Irrigation  Projects,"  by  R.  S.  Stockton, 
M.E.I.C.,  superintendent  of  operation  and  maintenance.  Western 
Section,  Department  of  Natural  Resources,  Canadian  Pacific 
Railway. 

2.  "Air  Conditioning  and  Central  Heating,"  by  W.  B.  Trotter, 
A.M.E.T.C.,  president  and  manager  of  Trotter  and  Morton  Ltd., 
contractors. 

Farming  Problems  on  Irrigation  Projects 
The  use  of  land  in  the  dry  belt  of  Alberta  and  Saskatchewan  is  of 
outstanding  importance  and  is  an  engineering  as  well  as  a  farm  problem. 
In  this  great  area,  nearly  400  miles,  east  and  west,  and  200  miles  wide, 
there  are  millions  of  acres  of  praiiic  soil  that  have  been  broken  by  the 
plough  and  continuously  farmed  for  grain  production.  This  has 
resulted  in  reduced  fertility  and  drifting  soil. 

Problems  of  drifting  soils  extend  into  the  area  of  greater  rainfall 
and  the  remedies  that  have  been  proposed  are  as  follows: 

(o)    Strip   farming   for   grain,   cover   crops,   and   proper   cultural 

practices  that  will  keep  the  soil  furrowed  or  rough. 
(6)    Building  up  humus  by  seeding  large  areas  to  native  and  tame 
grasses  as  a  permanent  method  of  utilizing  the  land  and  also 
a  crop  rotation  with  grains. 

(c)  Carrying  a  reasonable  number  of  live  stock  on  the  farms  and 
using  the  manure  to  build  up  the  soil. 

(d)  Conservation  of  the  available  run-ofT  water  from  all  streams, 
rivers  and  all  drainage  areas  and  using  it  as  far  as  practicable 
to  promote  plant  growth. 

(e)  The  planting  of  trees  and  shrubs  to  break  winds. 

(/)  The  scientific  and  careful  classification  of  the  land  for  its  best 
use. 

(g)  The  introduction,  selection,  breeding  and  propagation  of  plants 
most  suitable  to  our  climate  conditions. 

{h)  Reducing  and  adjusting  land  taxes  to  encourage  proper  land 
use  and  making  up  any  deficiency  in  necessary  tax  revenue 
by  increasing  the  tax  on  expenditures  and  dividing  the  in- 
crease as  required. 

Irrigation  and  water  conservation  deserve  study  and  analysis,  also 
the  working  out  of  practical  reforms  should  be  considered,  as  well  as 
the  further  development  and  safeguarding  of  our  great  natural  resources. 
A  planned  development  based  on  technical  surveys  and  information 
of  the  most  scientific  and  complete  order  would  be  of  the  greatest 
benefit  to  this  vast  region. 

Those  taking  part  in  the  discussion  were  P.  J.  Jennings,  m.e.i.c, 
O.  H.  Hoover,  a. m.e.i.c,  and  M.  W.  Marshall,  m.e.i.c. 

Air  Conditioning  and  Central  Heating 

Air  conditioning  has  been  defined  as  the  simultaneous  control  of 
the  temperature,  moisture  content,  cleanliness  and  motion  of  the  air 
in  an  enclosure.  It  is  the  interplay  of  temperature  and  humidity  that 
complicates  the  problem  of  conditioning  and  both  must  be  considered 
if  comfortable  living  conditions  are  to  be  obtained. 

Actually  45  to  50  per  cent  humidity  is  considered  a  reasonable 
figure,  so  that  for  given  temperatures  and  humidity,  the  amount  of 
water  to  be  evaporated  can  be  calculated  for  any  space.  In  round 
numbers  the  ordinary  home  will  require  from  12  to  20  gallons  a  day 
in  cold  weather.  In  summer  the  condition  is  reversed,  high  temperatures 
occur  with  high  humidity,  and  both  heat  and  moisture  have  to  be 
abstracted.  If  the  temperature  only  is  dropped  the  relative  humidity 
may  be  raised  and  the  room  is  more  uncomfortable  than  before. 

Experiments  have  defined  the  comfort  zone  as  being  the  limits 
of  temperature  and  humidity  between  which  60  per  cent  or  more  of 
the  occupants  will  feel  comfortable. 

The  problem  is  further  complicated  in  public  buildings  by  the 
variable  number  of  occupants;  as  for  instance  theatres,  necessitating  a 
complicated  system  of  controls  and  a  measure  of  hand  control  in 
addition. 

Filters  are  necessary  to  clean  air,  and  are  usually  mechanical. 
Either  dry  or  viscous  ground  glass,  steel  wool,  cheese  cloth  oiled  and 
many  other  products  are  used,  some  require  cleaning  others  are  of  the 
throw-away  type. 

To  fully  condition  the  air  in  any  building  it  will  be  necessary  to 
have  equipment  to  move  heat,  cool,  filter  and  moisten  the  air,  and  to  do 
all  this  under  strict  control  which  may  be  done  by  central  installation 
or  by  individual  units. 

Mr.  Trotter's  lecture  was  illustrated  by  a  number  of  interesting 
slides. 

Those  taking  part  in  the  discussion  were  Messrs.  W.  S.  J.  Miller, 
A.M.E.I.C,  J.  Haddin,  m.e.i.c,  H.  J.  McEwen,  a.m.e.i.c,  and  W. 
Adams,  following  which  Mr.  J.  H.  Bird  proposed  a  very  hearty  vote  of 
thanks  to  both  speakers.    The  meeting  adjourned  at  10.15  p.m. 


Hamilton  Branch 

A.  Love,  A.M.E.I.C,  Secretary-Treasurer. 
V.  S.  Thompson,  A.M.E.I.C,  Branch  News  Editor. 

The  Hamilton  Branch  held  a  meeting  in  the  Science  Hall  of 
McMaster  University  on  November  21st,  1934,  when  H.  B.  Stuart, 
A.M.E.I.C,  chairman  of  the  Branch,  presided.  Owing  to  several  other 
counter-attractions,  the  attendance  was  not  up  to  the  usual  number, 
about  sixty  being  present. 

W.  J.  W.  Reid,  a.m.e.i.c,  chairman  of  the  Meetings  and  Papers 
Committee,  introduced  the  speaker  of  the  evening,  T.  Stanley  Glover. 
A.M.E.I.C,  a  member  of  the  Branch  Executive.  The  Meetings  and 
Papers  Committee  has  presented  a  variety  of  subjects  at  the  Branch 
meetings,  and  at  this  meeting  the  speaker  related  his  experiences  in 
Nigeria,  where  he  served  under  the  British  Colonial  Office  in  the 
Administrative  Department  and  later  in  the  Department  of  Public 
Works. 

An  Engineer  in  Nigeria 

Nigeria  was  pictured  as  one  unit  of  a  vast  Empire,  a  Crown 
Colony,  of  about  the  same  area  as  Ontario,  peopled  by  twenty  million 
negroes  and  possibly  four  thousand  transient  whites— government 
officials,  missionaries  and  merchants. 

The  geography  and  economics  of  the  Colony  were  briefly  described, 
also  the  available  transportation  faciHties.  It  was  interesting  to  note 
the  expansion  of  both  rail  and  road  communication,  also  the  develop- 
ment of  harbours  and  docks  at  the  various  coastal  towns. 

Mr.  Glover  explained  the  duties  that  devolved  upon  a  political 
officer,  and  how  he  had  been  trained  for  such  duties  in  an  intensive 
course  in  England  prior  to  leaving  for  Africa.    In  the  case  of  certain 


Forty-Ninth  Annual  Meeting 

Royal  York  Hotels  Toronto 
February  7th,  8th  and  9th,  1935 


Courtesy  of  the  Toronto  Industrial  Commission. 

Looking  North  on  Lower  Bay  Street,  Toronto 


Annual  General  Meeting. 
Reception  and  Dance. 
Technical  Sessons. 


Annual  Dinner. 
Smoker. 
Plant  Visits. 


Programme  of  meeting  appears  on  page  41. 
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crimes  such  as  murder  and  slave  trading,  the  British  were  adamant 
and  demanded  the  full  penalty,  but  with  others  justice  was  freely 
tempered  with  mercy,  and  the  Administrator  was  required  to  possess 
and  use  a  large  amount  of  common  sense  as  well  as  a  working  knowledge 
of  the  law. 

Speaking  of  his  work  as  a  Public  Works  Engineer,  Mr.  Glover 
told  of  the  difficulty  of  obtaining  proper  material  and  equipment  for 
certain  works  and  how  it  was  necessary  very  often  to  apply  what 
could  be  obtained  locally  to  complete  the  work.  Even  with  material 
and  equipment  available,  there  was  still  the  labour  problem — not  the 
lack  of  men  but  the  difficulty  of  keeping  them  at  work.  The  payroll 
was  also  a  source  of  worry  and  annoyance;  as  the  native  worker  is 
paid  in  specie  the  Public  Works  Engineer  has  to  transport  heavy  loads 
of  shillings  and  pennies  to  pay  his  large  army  of  workers. 

The  lecture  was  fully  illustrated  by  slides,  and  gave  the  audience 
a  wonderful  picture  of  the  nature  of  the  country,  the  life  of  the  natives 
and  also  the  life  of  the  Colonial  whites. 

After  a  number  of  questions  had  been  asked,  and  answered  by 
the  speaker,  W.  Hollingworth,  m.e.i.c,  expressed  his  appreciation  of 
the  lecture.  He  remarked  on  the  wide  experience  which  Mr.  Glover 
had,  including  military  service  in  France,  service  with  Dr.  Grenfell 
in  Labrador,  in  Tropical  Africa,  and  now  in  Canada.  Adjournment 
was  then  made  to  an  adjoining  room  where  coffee  and  sandwiches  were 
served. 

Lethbridge  Branch 

E.  A.  Lawrence,  S.E.I.C.,  Secretary-Treasurer. 
J.  E.  Hawkins,  S.E.I. C,  Branch  Neivs  Editor. 

The  regular  meeting  of  the  Lethbridge  Branch,  The  Engineering 
Institute  of  Canada,  was  held  in  the  Marquis  hotel,  Saturday,  November 
10th,  1934. 

The  meeting  was  preceded  by  a  dinner  with  chairman  C.  S.  Don- 
aldson, A. M.E.I.C,  presiding  and  twenty-nine  members  and  guests 
present. 

During  the  dinner  many  delightful  selections  were  played  by 
Mr.  and  Mrs.  Geo.  Brown  and  their  orchestra.  Interspersed  with  the 
community  singing  ably  led  by  G.  S.  Brown,  a. m.e.i.c,  vocal  solos  by 
Mr.  A.  Jarvis  and  Mr.  W.  Stott  were  enjoyed. 

After  thanking  the  artists  for  their  enjoyable  programme  the 
chairman  introduced  the  speaker  of  the  evening,  J.  M.  Campbell, 
A. M.E.I.C,  divisional  engineer,  Canadian  Pacific  Railway,  Lethbridge 
Division. 

Economics  Old  and  New 

Mr.  Campbell,  in  introducing  his  subject,  said  that  engineers  were 
continuously  deahng  with  the  question  of  economics  in  the  course  of 
their  work  and  have  quite  properly  graduated  from  a  consideration  of 
economics  in  their  own  field  to  that  in  a  broader  field. 

Economics  may  be  described  as  a  science,  and,  while  it  can  be 
founded  on  laws  that  will  stand  the  keenest  scientific  scrutiny,  the 
present  economic  system  is  not  so  founded. 

There  are  those  who  say  that  we  have  always  had  booms  and 
depressions  and  let  it  go  at  that,  but  the  more  intelligent  are  applying 
their  skill  and  thought  to  the  prevention  of  such  recurrences. 

The  speaker  then  gave  a  resume  of  the  changes  in  economic  and 
social  systems  that  had  taken  place  in  recent  years.  Russia  broke  away 
from  orthodox  capitalism.  Italy  was  under  the  rule  of  a  powerful 
dictator  and  industrial  activity  had  been  sorely  regimented.  In  Ger- 
many another  dictator  is  doing  his  utmost  to  dominate  the  people  of 
a  highly  industrialized  country  smarting  under  the  sense  of  naihtary 
disaster  with  what  results  we  do  not  yet  know.  Great  Britain,  with  its 
vast  accumulated  wealth  and  experience,  would  seem  to  be  endeavour- 
ing to  stabilize  currency  as  far  as  may  be  possible,  for  the  purpose  of 
assisting  in  export  and  import  trade.  In  the  United  States  there  is  the 
New  Deal,  a  scheme  that  is  being  enforced  by  strong  arm  methods  and 
which  can  be  blocked  by  the  selfishness  or  desire  for  freedom  of  action 
of  a  small  minority. 

Now,  continued  Mr.  Campbell,  consider  the  economic  laws  laid 
down  by  one  of  the  world's  wisest  men,  Moses,  and  see  if  they  are 
applicable  to  our  complicated  civilization  of  to-day. 

The  first  law  was  that  there  should  be  no  interest  on  money,  and 
Mr.  Campbell  here  pointed  out  the  distinction  between  interest  and 
dividends. 

The  next  law  was  that  of  inflation.  Here  the  speaker  exhibited 
charts  and  graphs  illustrating  his  interpretation  of  the  Mosaic  law, 
the  effects  of  the  Sabbatical  year,  the  year  of  the  cancellation  of  money 
as  well  as  the  Jubilee  or  fiftieth  year,  when  virtually  a  new  start  was 
again  made.  The  ever-widening  gap  between  the  buying  and  selling 
or  the  cost  and  selling  price  was  shown  and  in  this  respect  the  Mosaic 
law  endorsed  the  Douglas  theory.  By  inflation  and  periodical  cancella- 
tion the  circulation  of  money  was  insured. 

Moncton  Branch 

V.  C.  Blackelt,  A. M.E.I.C,  Secretary-Treasurer. 

On  December  10th,  1934,  a  supper  meeting  was  held  in  honour  of 
F.  P.  Shearwood,  m.e.i.c.  President  of  The  Engineering  Institute  of 
Canada.  J.  G.  Mackinnon,  a. m.e.i.c,  chairman ofthe Branch,  presided. 
Mr.  Shearwood  was  introduced  to  the  meeting  by  C.  S.    G.    Rogers, 


A. M.E.I.C,  who  formerly  served  under  him  in  the  Dominion  Bridge 
Company. 

In  addressing  the  Branch  on  Institute  affairs,  the  President  stated 
that  he  wished  to  learn  the  views  of  members  rather  than  express 
opinions  of  his  own.  Various  matters  affecting  the  present  and  future 
of  The  Institute  were  discussed,  including  the  possibility  of  amalgama- 
tion with  the  provincial  associations.  Following  the  President's  remarks, 
members  took  part  in  a  discussion.  G.  C.  Torrens,  a. m.e.i.c,  ex- 
president  of  the  New  Brunswick  Association  of  Provincial  Engineers, 
was  of  the  opinion  that  the  provincial  associations  would  first  have  to 
agree  among  themselves  before  amalgamation  was  possible.  Such 
agreement  was  bound  to  come  although  it  might  take  time.  When 
it  did  come,  The  Institute  could  step  in  and  take  its  place  as  the  national 
engineering  body. 

The  chairman  then  called  on  Mr.  J.  F.  Sexton,  who  entertained  the 
gathering  with  "Some  Engineering  Reminiscences." 

The  President  later  addressed  the  meeting  on  "Problems  of  Bridge 
Erection."  With  the  aid  of  slides  Mr.  Shearwood  explained  the  care, 
ingenuity  and  skill  called  for  in  the  erection  of  structures  that  mark 
Canada's  development  from  the  Atlantic  to  the  Pacific.  Of  particular 
interest,  also,  were  illustrations  showing  advances  being  made  in  the 
science  of  welding. 

A  vote  of  thanks  was  tendered  the  speaker  on  motion  of  F.  O. 
Condon,  m.e.i.c,  seconded  by  H.  J.  Grudge,  a. m.e.i.c 

Montreal  Branch 

C.  K.  McLeod,  A. M.E.I.C,  Secretary-Treasurer. 
Economics  Study  Group 

The  first  meeting  of  this  group  was  held  on  November  21st,  1934, 
and  it  is  hoped  to  arrange  weekly  meetings  throughout  the  winter 
season. 

Some  twenty-five  members  are  attending  and  the  lectures  will  be 
handled  largely  by  Dr.  D.  M.  Marvin,  economist  of  the  Royal  Bank 
of  Canada.  The  course  is  self  supporting  and  limited  to  approximately 
twenty-five.  However,  all  members  of  the  Branch  were  given  an 
opportunity  of  enrolling. 

The  talks  are  not  elementary  and  are  built  up  around  a  discussion 
of  current  problems  including  various  aspects  of  "money,"  the  real 
effect  of  international  credits,  etc.,  with  particular  reference  to  the 
work  of  those  attending. 

Application  Engineering  on  Motors  and  Control 

On  November  22nd,  1934,  Mr.  W.  C.  Raube,  industrial  engineer 
with  the  General  Electric  Company,  Schenectady,  N.Y,,  gave  an 
address  on  the  choice  of  electric  motors  and  controls  to  suit  different 
applications.  This  was  accompanied  by  a  series  of  interesting  charts 
and  graphs. 

Previous  to  the  meeting  a  dinner  was  given  for  Mr.  Raube  in  the 
Oak  Room  of  the  Windsor  hotel. 

E.  C.  Kirkpatrick,  m.e.i.c,  acted  as  chairman. 
Electrical  Section 

On  the  evening  of  November  23rd,  Mr.  Raube  continued  his  talk 
as  given  on  Thursday  evening,  making  his  presentation  more  technical 
and  using  the  following  points  as  a  basis  for  informal  discussion: 

The  Characteristics  I  Want  —  by  the  industrial  user. 

The  Motor  you  Should  Use  —  by  the  manufacturer. 

The  Motor  you  Can  LTse      —  by  the  power  company. 
X-Ray  in  Medical  Science 

Dr.  W.  Lloyd  Ritchie,  director  of  the  department  of  radiology 
at  the  Montreal  General  Hospital,  delivered  a  lecture  on  November 
29th,  dealing  with  the  X-ray  in  Medical  Science,  indicating  the  value 
of  the  penetrative  ray  in  diagnosis,  treatment  of  fracture  and  disease, 
and  its  importance  to  the  doctor,  dentist,  surgeon  and  neurologist. 
A  series  of  slides  of  X-ray  stuaies  illustrated  the  talk. 

B.  R.  Perry,  a. m.e.i.c,  presided. 

Junior  Section  Meeting 

The  manufacture  and  use  of  Safety  Glass  was  the  subject  covered 
by  a  talk  and  sound  film  given  before  members  of  the  Junior  Section 
in  the  Engineering  Building  at  McGill  University  on  December  3rd. 
This  was  arranged  through  the  courtesy  of  Pilkington  Brothers  (Canada) 
Limited. 

H.  W.  Lea,  Jr.E.i.c,  presided. 

Design  and  Application  of  Gears 

On  December  6th,  Mr.  W.  P.  Muir,  chief  engineer  of  the  Mining 
Metals  and  Plastics  Machinery  Department  of  the  Dominion  Engineer- 
ing Works  Limited,  delivered  a  paper  on  the  design  and  manufacture 
of  gear  applications  covering  a  very  wide  field.  His  talk  was  fully 
illustrated  with  shdes  and  proved  to  be  most  interesting.  Copies  of 
the  paper  were  available  to  those  present. 

R.  C.  Flitton,  A. M.E.I.C,  acted  as  chairman. 
Mechanical  Section 

Messrs.  M.  J.  Berlyn,  a. m.e.i.c,  and  C.  D.  Bailey  on  December 
10th  gave  short  talks  further  developing  Mr.  Muir's  paper,  this  with 
particular  reference  to  certain  phases  of  modern  design  of  gear  teeth 
and  manufacturing  methods.  A  movie  film  illustrated  modern  methods 
of  gear  cutting  and  was  followed  by  an  interesting  informal  discussion. 
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The  Relationship  Between  Abchitecturb  and  Engineering 

On  December  13th,  J.  M.  Oxley,  m.e.i.c,  partner  of  the  firm  of 
Chapman  and  Oxley,  architects,  Toronto,  deUvered  an  address  on  the 
above  subject  treating  the  similarity,  dissimilarity  and  the  points  of 
contact  between  the  two  professions. 

The  architect  tends  to  visulize  form  and  proportion,  the  engineer 
tends  to  think  in  quantities.  The  aptitudes  of  the  one  perfected  by 
training  supplement  the  other.  If  the  two  collaborate  from  the  outset, 
the  advantage  is  mutual  and  the  chent  is  protected  as  well  by  the 
lowering  of  cost  and  superior  result.  Cases  of  collaboration,  hypothetical 
and  actual  were  treated  and  illustrated  by  slides.  Considerable  discus- 
sion followed. 

A.  J.  C.  Paine,  a. m.e.i.c,  was  in  the  chair. 

Previous  to  the  meeting  a  dinner  was  held  in  the  Oak  Room  of 
the  Windsor  hotel. 

Electrical  Section 

"Electron  Tubes  in  Industry"  was  the  subject  of  a  paper  presented 
on  December  12th  by  Mr.  D.  L.  West,  formerly  with  the  Baird  Tele- 
vision Company  of  London,  England,  and  the  Canadian  Television 
Company  Limited  of  Montreal.  This  covered  the  application  of  electron 
tubes  in  industrial  work,  one  of  the  most  popular,  of  course,  being  the 
electric  eye. 

I.  S.  Paterson  presided. 

Junior  Section 

On  December  17th  two  papers  were  given  before  this  section, 
"Electrical  Control  at  Rapide  Blanc,"  by  Mr.  W.  Spriggs,  and"The 
Engineer  and  the  Present  Economic  Conditions,"  by  Mr.  Raymond 
Reed.  Both  authors  are  with  the  Power  Engineering  Company  and 
though  the  papers  were  on  widely  diversified  subjects  both  proved  ex- 
ceptionally interesting. 

W.  W.  Graham,  Jr.E.i.c,  acted  as  chairman. 

Ottawa  Branch 

F.  C.  C.  Lynch,  A. M.E.I.C,  Secretary-Treasurer. 
Transmission  Gearing 

An  address  on  the  subject  of  "Transmission  Gearing"  was  given 
at  the  noon  luncheon  of  the  Ottawa  Branch  at  the  Chateau  Laurier 
on  November  8th,  1934,  by  Martin  J.  Berlyn,  m.a.,  a.m.e.i.c,  of 
Dominion  Engineering  Works,  Montreal.  Alan  K.  Hay,  a.m.e.i.c, 
chairman,  presided  and  in  addition  head  table  guests  included:  Dr. 
Charles  Camsell,  m.e.i.c,  R.  S.  Smart,  m.e.i.c.  Group  Captain  E.  W. 
Stedman,  m.e.i.c,  Captain  M.  Windsor,  Dr.  R.  W.  Boyle,  m.e.i.c, 
A.  V.  Gale,  a.m.e.i.c,  J.  T.  Johnston,  m.e.i.c.  Major  W.  E.  Blue, 
a.m.e.i.c.  Squadron  Leader  A.  Ferrier,  a.m.e.i.c,  and  John  Murphy, 
m.e.i.c 

The  address  was  of  a  technical  nature  and  was  illustrated  by 
lantern  slides.  Beginning  with  the  premise  that  the  incorrect  design 
of  teeth  in  gearing  induces  excessively  destructive  wear  upon  machinery 
due  to  a  non-uniform  transmission  of  motion,  the  speaker  traced  the 
successive  steps  in  the  generation  of  tooth  profiles  with  which  the 
transmitted  motion  would  be  uniform.  These  latter  were  based  upon 
the  involute,  which  is  the  figure  traced  by  a  curve  of  progressively 
larger  radius. 

A  large  range  of  tooth  forms  based  upon  the  involute  is  possible, 
all  of  which  will  transmit  motion  uniformly.  The  shape  of  the  involute 
is  entirely  dependent  on  the  diameter  of  its  "base  circle"  from  which 
the  curve  is  generated.  The  larger  the  base  circle,  the  more  nearly 
straight  will  the  sides  of  the  teeth  become. 

With  small  pressure  angles,  the  non-effective  inner  portion  of  the 
teeth  is  undercut  to  allow  a  proper  meshing.  This  has  a  tendency  to 
weaken  the  strength  of  the  teeth  at  a  point  where  they  should  be 
strongest.  The  speaker  explained  how  much  of  this  could  be  obviated 
by  attention  to  certain  features  of  the  design. 

The  great  flexibility  of  the  involute  system  in  permitting  the 
design  of  gears  to  fit  in  existing  gear  boxes,  in  varying  the  ratio  slightly 
for  the  same  centre  distance;  in  varying  the  length  of  contact  and  in 
securing  varying  proportions  of  sliding  to  rolling  contact  to  suit  lubrica- 
tion conditions. 

The  address  dealt  to  a  considerable  extent  with  commercial  con- 
siderations influencing  the  cutting  or  re-cutting  of  gearing,  and  the 
choice  of  gearing  for  various  purposes.  Thus  a  type  suitable  for  use 
while  completely  immersed  in  oil  might  not  be  quite  so  effective  where 
the  lubrication  is  by  some  other  method. 

Placing  Concrete  by  Pipe  Line  and  Vibration 

On  Thiu-sday  evening,  November  22hd,  1934,  H.  E.  McKeen  of 
Montreal,  president  of  H.  E.  McKeen  &  Company  Limited,  and 
Managing  Director  of  the  Electric  Tamper  and  Equipment  Company 
of  Canada,  Limited,  gave  an  address  on  the  subject  "Placing  Concrete 
by  Pipe  Line  and  Vibration."  The  meeting  was  held  in  the  projection 
room  of  the  Photographic  Section  of  the  R.C.A.F. ,  Jackson  Building, 
and  A.  K.  Hay,  a.m.e.i.c,  chairman  of  the  Ottawa  Branch  of  The 
Institute,  presided. 

Mr.  McKeen  stated  that  his  interest  was  first  aroused  to  the 
possibilities  of  pumping  concrete  to  place  in  the  fall  of  1929.  A  pump 
for  this  purpose  had  been  invented  in  Germany  by  a  man  named 


Giese,  who  secured  very  strong  method  patents  all  over  the  world  and 
licensed  individual  firms  in  different  countries.  Improvements  dealing 
largely  with  cylinder  and  valve  design  were  invented  by  one  of  the 
licensees  in  Holland,  named  Kooyinan,  and  from  a  merger  of  the  Giese 
and  Kooyman  patents  the  pump  now  in  use  was  developed.  With  this 
new  pump  it  was  quite  possible  to  adopt  the  standard  practice  in 
concreting  in  this  country.  Last  year,  for  instance,  about  one  and  a 
half  million  yards  of  concrete  were  so  handled,  a  great  deal  being  on 
Mississippi  lock  and  dam  work  where  a  three-quarter  inch  slump  was 
used,  with  aggregate  up  to  two  and  one-half  inches. 

The  pump  is  simply  a  plunger  pump  with  specially  designed 
cylinders,  pistons  and  valves  with  the  concrete  entering  the  pump 
chamber  by  gravity  instead  of  by  suction.  The  concrete  moves 
through  the  pipe  line  at  a  comparatively  low  speed ;  wear  is  not  excessive, 
and  as  the  mix  has  to  be  lubricated  to  be  pumpable,  a  badly  designed 
concrete  is  practically  impossible.  Although  the  pump  line  itself  is 
not  very  flexible,  so  far  little  difficulty  has  been  experienced  in  devising 
simple  methods  of  distribution  at  its  outlet. 

The  pumping  of  concrete  into  place  may  not  be  possible  of  universal 
application  but  in  the  speaker's  opinion  it  had  very  definite  advantages 
in  some  fields,  such  as  filtration  plants,  sewage  disposal  plants  or 
similar  jobs  where  comparatively  small  quantities  of  concrete  are 
scattered  over  large  areas.  The  method,  he  was  inclined  to  believe, 
would  have  a  pronounced  effect  on  present  day  practice  in  submarine 
work. 

Mr.  McKeen  devoted  the  latter  portion  of  his  address  to  methods 
of  concrete  placement  by  vibration.  Vibrators — essentially  tools  devised 
to  increase  the  workability  of  the  concrete — are  of  two  types:  external 
and  internal.  The  former  transmits  its  vibration  through  the  form, 
the  latter  directly  within  the  concrete  itself. 

The  address  was  followed  by  several  reels  of  motion  pictures 
illustrating  the  operation  of  both  single  and  double  action  pumps  and 
the  use  of  the  vibrators;  after  which  the  meeting  was  given  over  to 
discussion. 


E.J 


Peterborough  Branch 

H.  R.  Sills,  Jr.E.i.c,  Secretary. 
Davies,  Jr.E.I.C,  Branch  News  Editor. 

Annual  Dinner 


The  annual  dinner  of  the  Peterborough  Branch  was  held  on  November 
20th,  1934,  at  the  Empress  hotel,  under  the  chairmanship  of  J.  W.  Pierce, 
M.E.I.C.  President  F.  P.  Shearwood,  m.e.i.c,  was  among  the  guests  and 
responded  to  a  toast  to  The  Institute  proposed  by  A.  L.  Killaly, 
A.M.E.I.C  The  president  brought  messages  of  felicitation  from  head- 
quarters and  other  branches,  and  spoke  of  the  western  convention  of 
The  Institute  in  Vancouver  and  dealt  with  a  number  of  other  Institute 
affairs.  The  gu'ist  speaker  of  the  evening  was  Professor  C.  W.  Woodside 
of  the  University  of  Toronto,  who  spoke  on  the  subject,  "Germany 
After  Two  Years  of  Hitler."  Professor  Woodside,  who  spent  the  recent 
summer  in  Germany,  withheld  the  colour  of  his  own  opinion  and  pre- 
sented in  a  straightforward  manner  the  evidence  observed  by  himself 
on  this  tour.  He  asserted  that  he  did  not  wish  to  be  taken  as  a  scare- 
monger, but  declared  that  the  time  has  come  when  the  world  must  face 
the  facts  about  Germany. 

Germany  After  Two  Years  of  Hitler 

Devoting  first  a  few  words  to  the  good  in  the  Nazi  movement, 
Mr.  Woodside  said  Hitler  had  brought  back  to  Germans  a  belief  in 
Germany.  The  young  of  the  nation  have  been  infused  with  this  belief 
to  a  degree  of  fanaticism.  Yet  two  and  three  years  ago,  before  Hitler, 
hardly  was  there  a  single  German  to  be  found  with  a  trace  of  faith  in 
the  future  of  the  country,  he  said. 

The  Nazis  have  restored  order  to  Germany,  he  continued.  Germany 
is  in  an  iron  hand.  Canadians  would  find  it  hard  to  like  that  type  of 
control,  but  the  Germans  are  an  order-loving  people.  They  find  the 
present  ordered  regime  much  more  to  their  liking  than  the  chaos  which 
existed  before  Hitler. 

Between  three  and  four  millions  of  Germans  who  idled  in  the  streets 
before  the  Nazis  took  control  are  now  occupied,  he  added.  True,  three- 
fourths  of  them  are  engaged  in  war  business  and  many  others  are  in 
labour  camps,  yet  the  situation,  from  the  German  viewpoint,  has  been 
greatly  relieved,  he  asserted. 

Turning  to  the  evil  of  the  Nazi  era,  he  declared  that  the  worst 
feature  is  the  brutalizing  tendency  of  the  movement.  Possibly  the 
entire  movement  is  the  calculated  effort  of  the  leaders  to  revive  the 
Germany  ego,  yet  it  is  having  a  deep  and  lasting  effect  on  the  peoples, 
he  said. 

The  prejudicing  of  the  entire  German  future  by  a  campaign  of 
militarism  and  re-armament  is  one  of  the  greatest  of  Nazi  evils. 
From  his  own  observations  in  Germany  he  knew  the  worst  rumours  of 
Germany's  re-armament  to  be  true. 

^Ir.  Woodside  said  that  the  evidence  points  to  no  other  conclusion 
than  that  Hitler  is  preparing  for  war.  The  nation  has  thrown 
everything  to  the  winds — economic  stability,  world  respect,  treaty 
agreements  and  the  contentment  and  prosperity  of  its  people.  The 
manufacturing  industries  are  organized  to  a  degree  unsurpassed  in 
wartime  itself  for  war  production. 
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These  men  who  are  leading  Germany  to-day  are  dangerous, 
twisted  men — the  worst  product  of  the  Great  War.  They  are  not  to  be 
trusted. 

What  can  Canadians  do  about  it?  Mr.  W^oodside,  asking  the 
question,  said  it  is  doubtful  if  anything  can  be  done.  He  suggested, 
however,  that  the  tension  could  be  somewhat  eased  if  the  world  would 
tender  a  friendly  hand  to  Germany,  if  the  world  would  attempt  in  some 
way  to  show  the  German  people  that  they  are  not  actually  the  victims 
of  a  world-wide  hatred  and  persecution.  Canadians  might  aid  in  this 
by  leading  the  way,  he  suggested. 

Professor  Woodside's  address  was  received  with  great  enthusiasm 
by  those  present  and  evoked  a  lengthy  discussion. 

R.  L.  Dobbin,  m.e.i.c,  drew  attention  to  the  absence,  due  to 
illness,  of  two  members  of  the  Branch  who  have  long  been  faithful 
workers  in  Branch  activities.  It  was  moved  and  seconded  that  a 
message  of  good  cheer  and  a  floral  token  of  appreciation  be  sent  to 
these  members. 

Among  the  guests  present  were  W.  E.  Bonn,  a.m.e.i.c,  vice- 
president  of  the  Toronto  Branch;  Col.  C.  S.  L.  Hertzberg,  m.e.i.c,  of 
Toronto,  who  introduced  Professor  Woodside;  Professor  H.  E.  T. 
Haultain,  m.e.i.c,  of  Toronto  University,  and  W.  E.  Ross,  a.m.e.i.c, 
of  Toronto,  a  former  chairman  of  the  Peterborough  Branch. 

Stresses  in  Wiee  Rope  and  Fittings  Used  With  Same 

On  Thursday,  December  13th,  1934,  the  regular  monthly  meeting 
of  this  Branch  was  held,  at  which  Mr.  C.  D.  Meals,  of  the  B.  Greening 
Wire  Co.  Ltd.,  Hamilton,  Ontario,  was  the  speaker  and  some  of  the 
mysteries  in  the  manufacture  and  multitude  uses  of  wire  rope  were 
capably  outlined. 

Mr.  Meals  pointed  out  that  wire  rope  is  relatively  a  modern 
product,  having  first  been  made  in  Germany  in  1834.  The  first  machine- 
made  rope  was  made  in  England  in  1840.  However,  the  first  big  stride 
in  wire  rope  making  occurred  in  1854  when  the  first  tempered  or  "pa- 
tented" steel  wire  was  made  in  England.  This  was  a  revolutionary 
event  and  opened  up  the  field  of  development  of  the  high  strength  steel 
wire  as  it  is  used  to-day.  Prior  to  this,  the  tensile  strength  of  drawn 
wire  was  only  90,000  per  square  inch. 

In  the  year  1919  one  of  the  largest  wire  rope  makers  in  the  United 
States  started  designing  their  wire  ropes  in  the  draughting  room,  making 
proper  allowance  for  the  angle  of  lay  of  the  wires  in  the  strand  and  the 
strand  in  the  rope.  Previously,  the  making  of  the  rope  had  been  left 
entirely  to  the  judgment  of  the  rope  shop  superintendent.  Now  the 
practice  is  to  co-ordinate  the  engineer's  field  experience  with  designing 
and  shop  practices  and,  in  many  cases,  the  wire  rope  engineer  makes  up 
the  complete  specifications  for  a  wire  for  a  given  service. 

Mr.  Meals  then  dealt  in  a  highly  technical  manner  with  the  com- 
plexity of  stresses  and  abuses  to  which  wire  ropes  are  put  in  their  use 
in  the  modern  mining,  contracting,  industrial  and  marine  fields. 

Wire  rope,  he  pointed  out,  is  sold  largely  on  its  tensile  strength 
property,  yet  it  was  not  until  19l8  that  a  rational  formula  was  developed 
to  determine  the  breaking  strength  of  a  wire.  But  even  after  this  the 
formula  was  overlooked  by  the  engineering  world. 

The  interest  evoked  by  this  paper  was  indicated  by  the  lengthy  and 
animated  di.scussion,  and  a  vote  of  thanks  by  A.  B.  Gates,  a.m.e.i.c, 
and  Mr.  E.  Bruce  Fowler,  a  guest  who  is  also  in  the  wire  rope  field,  was 
tendered  to  the  speaker  through  the  chairman,  V.  S.  Foster,  a.m.e.i.c. 

Saint  John  Branch 

F.  A.  Patriquen,  Jr.E.I.C,  Secretary-Treasurer. 

H.  P.  Ldngley,  S.E.I.C,  Branch  News  Editor. 

The  Automotive  Diesel  Engine 

On  September  25th,  1934,  a  meeting  of  the  Saint  John  Branch 
was  held  in  the  Admiral  Beatty  hotel  at  8.15  p.m.  The  chairman, 
E.  J.  Owens,  a.m.e.i.c,  presided,  and  about  thirty  members  and 
visitors  were  present. 

The  speaker  of  the  evening,  J.  L.  Busfield,  m.e.i.c,  delivered  an 
address  on  "The  Automotive  Diesel  Engine."  Several  slides  of 
graphs,  engines  and  various  diesel  driven  vehicles  were  shown.  The 
address  followed  the  lines  of  the  article  written  by  Mr.  Busfield  and 
published  in  the  July  1934  issue  of  The  Journal.  A  short  discussion 
followed  the  address. 

ViCKERS  Armstrong  Films 

On  October  18th,  1934,  the  members  of  the  Branch  viewed  the 
Vickers-Armstrongs  Ltd.  films  which  dealt  with  the  various  branches 
of  industry  engaged  in  by  this  company,  namely  steel  making,  aviation 
and  shipbuilding.    About  45  members  were  present. 

Broadcasting  Equipment  and  Methods 

On  November  20th,  1934,  Mr.  J.  G.  Bishop,  chief  engineer  of 
CHSJ,  addressed  the  Branch  on  "Broadcasting  Equipment  and 
Methods."  The  speaker  spoke  of  sound  and  the  effect  the  walls  of  the 
studio  had  on  sound  waves,  and  the  reason  why  a  studio  had  to  be 
specially  treated  for  broadcasting  purposes.  He  mentioned  the  range 
of  frequency  that  should  be  transmitted  for  natural  reproduction,  the 
different  types  of  microphones  and  described  the  operation  of  the 
dynamic  type. 

He  commented  on  the  factors  which  affect  the  fidelity  or  faithful- 
ness of  reproduction  in  its  journey  through  the  equipment.    The  prin- 


ciple of  the  operation  of  the  radio  transmitter  was  described  as  well  as 
some  of  the  causes  of  distortion  and  the  causes  and  effects  of  fading. 

The  speaker  explained  the  synchronization  of  stations  and  outlined 
some  of  the  problems  which  have  to  be  dealt  with  in  simultaneous 
operation  of  two  stations  on  the  same  frequency  and  carrying  the  same 
programme. 

A  short  discussion  followed,  and  then  the  meeting  adjourned  to 
inspect  the  broadcasting  station  CHSJ. 

Address  by  the  President 

On  December  4th,  1934,  thirty-six  members  of  the  Branch  assem- 
bled at  a  dinner  meeting  at  the  Admiral  Beatty  hotel  at  6.30  p.m.  to 
meet  F.  P.  Shearwood,  m.e.i.c.  President  of  The  Engineering  Institute 
of  Canada  and  chief  engineer  of  the  Dominion  Bridge  Co.  Ltd.,  Montreal. 

The  president  spoke  of  his  visits  to  the  Western  branches  during 
the  past  summer  and  the  joint  annual  meeting  of  The  Institute  and 
the  American  Society  of  Civil  Engineers  at  Vancouver  recently. 

He  also  spoke  on  "The  Work  and  Aims  of  The  Institute,"  and  the 
meeting  came  to  a  close  after  a  very  interesting  illustrated  lecture  on 
"Some  Problems  in  Bridge  Erection"  by  Mr.  Shearwood. 

Saskatchewan  Branch 

S.  Young,  A.M.E.I.C. ,  Secretary-Treasurer. 
The  City  Manager  Form   of  Local  Government 

The  regular  monthly  meeting  of  the  Branch  was  held  in  the  Dining 
room.  Parliament  Buildings,  Regina,  at  7.45  p.m.  Friday,  November 
16th,  1934,  being  preceded  by  a  dinner  at  which  twenty-one  were  in 
attendance.    A.  P.  Linton,  a.m.e.i.c,  presided. 

After  a  short  business  session,  the  chairman  introduced  the  speaker 
of  the  evening,  Mr.  A.  W.  Ellson  Fawkes,  consulting  engineer,  Mcose 
Jaw,  his  subject  being  "The  City  Manager  Form  of  Local  Government." 

In  introducing  his  subject,  Mr.  Fawkes  stated  that,  due  to  his 
versatile  training,  the  civil  engineer  was  peculiarly  fitted  for  the  job, 
75  per  cent  of  city  managers  in  America  being  engineers. 

About  four  hundred  cities  on  this  continent,  containing  approxi- 
mately 10,000,000  people,  use  the  city  manager  form  of  government; 
and  of  these  but  four  have  reverted  to  the  former  system. 

This  form  of  government  bases  its  origin  on  the  introduction  of  ap- 
proved business  methods  into  city  government.  Under  this  system  the 
council  in  effect  becomes  a  board  of  directors.  It  deals  only  with 
questions  of  policy  and  in  so  doing  performs  two  functions,  the  enacting 
of  required  local  legislation  and  the  adoption  of  a  budget  of  expendi- 
tures. The  manager  then  makes  the  departmental  allotments  thus 
making  an  equitable  distribution  of  funds. 

The  growth  of  the  movement  has  been  retarded  by — 

(a)  lack  of  public  interest, 

(b)  local  (petty)  politics. 

The  effectives  of  the  system  is  difficult  to  estimate  but  the  facts, 
(1)  that  it  is  growing  and  (2)  that  but  four  cities  in  Canada  and  the 
United  States  have  reverted,  are  significant.  Where  the  plan  has 
broken  down,  the  failure  may  be  attributed  very  largely  to  interference 
by  local  politicians. 

There  are  three  essential  requirements  to  the  plan — 

(1)  Budget, 

(2)  Budget    control, 

(3)  Centralized  purchasing. 

The  budget  should  be  binding  except  in  cases  of  genuine  emer- 
gency. Under  our  present  system  of  municipal  government  it  is  not 
an  uncommon  occurrence  to  have  the  budget  considerably  altered  at  the 
end  of  two  or  three  council  meetings,  the  ultimate  being  a  budget  com- 
pletely disorganized. 

The  value  of  a  budget  lies  principally  in  its  economy  of  preventing 
foolish  and  unwarranted  expenditures.  It  ties  an  administration  down 
to  a  definite  policy  of  expenditure  of  public  funds. 

Mr.  Fawkes  gave  as  an  example  of  the  working  of  the  system  the 
city  of  Brandon  where,  through  the  application  of  the  principles  of 
scientific  business  methods,  over  a  period  of  six  years  as  opposed  to  the 
previous  haphazard  methods  the  cost  of  administration  had  been 
progressively  reduced,  taxation  lowered,  and  general  efficiency  increased, 
the  total  effect  being  increased  financial  credit  and  a  more  satisfied 
electorate.  In  concluding  his  address  Mr.  Fawkes  stated  that  in  effect 
the  city  manager  is  the  technical  head  of  a  municipal  corporation 
acting  under  a  board  of  directors  (the  council)  but  having  vested  in 
him  powers  which  ordinarily  are  exercised  by  the  coimcil. 

A  hearty  vote  of  thanks  was  tendered  the  speaker. 

Sault  Ste.  Marie  Branch 

FI.  0.  Brown,  A.M.E.I.C,  Secretary-Treasurer. 

The  monthly  meeting  of  the  Sault  Ste.  Marie  Branch  was  held 
in  the  main  dining  room  of  the  Windsor  hotel  on  Wednesday,  December 
5th,  1934,  preceded  by  a  dinner  with  an  attendance  of  about  forty-five 
members  and  visitors.  After  the  dinner  the  usual  general  meeting 
business  was  dispensed  with  and  the  speaker  of  the  evening,  Mr.  Jas.  S. 
Dobie,  was  introduced  by  the  chairman,  E.  M.  MacQuarrie,  a.m.e.i.c 

Mr.  Dobie's  address  was  on  "Reminiscences  of  Northern  Ontario," 
and  was  well  illustrated  with  lantern  slides.    As  the  speaker  has  spent 


January,  1935 


THE     ENGINEERING     JOURNAL 


53 


a  number  of  years  of  his  professional  life  on  surveys  throughout  north- 
ern Ontario  he  was  able  to  tell  of  a  great  many  interesting  incidents. 

Historical  sketches  were  given  of  some  of  the  Indian  Missions 
along  the  Albany  river  and  the  work  that  is  being  carried  on  there 
to-day. 

Means  of  transportation  of  survey  camp  equipment  and  the 
methods  of  portaging  were  illustrated  very  clearly.  Various  survey 
camp  sites  were  shown  and  the  equipment  used  for  office  work  in  the 
field  was  described. 

The  survey  problems,  of  course,  were  many  and  varied.  Along 
the  low  lying  lands  to  the  north  many  flooded  areas  could  only  be 
crossed  by  wading.  Around  the  rocky  shores  of  the  islands  and  the 
north  shore  of  Lake  Superior  suitable  station  points  for  the  transit 
were  often  obtained  with  great  difficulty. 

Mr.  Dobie's  remarks  on  the  country  through  which  the  proposed 
highway  along  the  north  shore  of  Lake  Superior  would  pass  was  of 
particular  interest  at  this  time.  The  geological  formations  and  minerals 
to  be  found  were  discussed.  The  scenery  as  described  and  illustrated 
certainly  seemed  to  be  all  that  could  be  desired. 

At  the  close  of  Mr.  Dobie's  address  a  very  hearty  vote  of  thanks 
was  tendered  to  the  speaker  on  the  motion  of  Judge  F.  Stone,  seconded 
by  Dr.  A.  D.  Roberts.  M.L.A. 

Victoria  Branch 

Kenneth  Reid,  Jr.E.I.C,  Secretary-Treasurer. 

The  annual  meeting  of  the  Victoria  Branch  of  The  Institute  was 
held  at  the  Dominion  Hotel  on  December  4th,  1934.  The  meeting  was 
preceded  by  a  dinner  in  the  hotel  at  which  twenty-seven  members  and 
guests  of  the  Branch  attended.  The  specially  invited  guests  included 
G.  M.  Irwin,  Victoria  city  engineer,  and  Arthur  Dixon,  Deputy  Minister 
of  Public  Works  in  the  British  Columbia  provincial  government.  The 
most  important  business  of  the  meeting  following  the  dinner  was  the 
election  of  officers  for  the  ensuing  year. 

In  assuming  tTie  chairmanship  of  the  Branch,  D.  MacBride, 
A.M.E.I.C.,  paid  glowing  tribute  to  the  work  of  the  retiring  executive 
during  the  past  years,  particularly  to  the  chairman,  H.  L.  Swan,  M.Eii.c, 
and  the  Secretary-Treasurer,  I.  C.  Barltrop,  a.m.e.i.c,  whose  untiring 
efforts  resulted  in  the  present  good  standing  of  the  Branch. 

Following  the  meeting,  Norman  Yarrow,  a.m.e.i.c,  manager  of 
the  firm  of  Yarrows  Ltd.,  Esquimalt,  B.C.,  and  member  of  the  Branch, 
gave  an  illustrated  address  on  the  methods  and  procedure  of  the  launch- 
ing of  large  ships  with  particular  references  to  the  launching  of  the 
Cunard- White-Star  liner  Queen  Mary,  and  the  French  liner  Normandie. 
Mr.  Yarrow  dealt  with  the  technical  problems  and  difficulties  connected 
with  such  engineering  feats,  and  his  paper  was  illustrated  with  niunerous 
slides. 

In  collaboration  with  Mr.  Yarrow's  paper  six  reels  of  motion 
pictures  were  shown  on  three  connected  subjects,  the  titles  of  which  are 
practically  self-explanatory,  as  follows: 

Steel  making  at  the  works  of  the  English  Steel  Corporation, 

Sheffield, — including  operation   of  Siemens  furnaces  and  heavy 

forging   press. 

Aviation — showing   the   laimching    and    trial   flights    of   the 

Vickers  supermarine  Seagull  V.    Trials  of  the  Scapa  twin  engine 

flying  boat,  and  the  erection  and  tests  of  the  Vildebeest  aeroplane 

fitted  for  carrying  torpedoes. 

Construction  and  trials  of  the  P.    &  O.  steamers  Strathaird 

and  Stralhnavar  at  the   Naval   Construction   Works   of  Vickers- 

Armstrongs,  Limited,  at  Barrow-in-Furness. 

The  excellent  quality  of  these  films  and  the  universal  interest  of  the 
subjects  made  them  very  favourable  indeed,  particularly  when  shown 
in  conjunction  with  Mr.  Yarrow's  paper. 

The  evening  concluded  by  the  showing  by  Mr.  Yarrow  of  a  number 
of  excellent  slides  depicting  man's  early  attempts  to  soar  above  the 
earth  in  both  heavier  and  lighter-than-air  machines. 

Winnipeg  Branch 

E.  W.  M.  James,  A.M.E.I.C,  Secretarij-Treasurcr. 

E.  V.  Caton,  M.E.I.C.,  Branch  News  Editor. 

Geology  of  the  Great  Plains 

The  meeting  of  October  18th,  1934,  with  F.  V.  Seibert,  m.e.i.c, 
in  the  chair,  was  addressed  by  Dr.  L.  S.  Russel,  Ph.D.,  Geological 
Survey  of  Canada,  who  gave  a  lecture  on  "Geology  of  the  Great  Plains." 

Dr.  Russel,  who  has  for  several  years  been  carrying  on  investiga- 
tions of  the  geology  of  the  Great  Plains,  gave  a  most  interesting  address. 
He  dealt  chiefly  with  the  southwestern  portion  of  Alberta  and  discussed 
geological  history,  life  in  the  geological  time,  and  the  economic  resources 
of  that  area. 

During  the  business  of  the  meeting  G.  E.  Cole,  a.m.e.i.c,  chairman 
of  the  Papers  committee,  addressed  the  Branch  on  the  programmes 
for  the  coming  season,  mentioning  that  it  was  proposed  to  alternate 
the  meetings  between  one  of  general  interest  and  one  of  technical 
interest. 

The  chairman  also  gave  notice  of  a  special  meeting  to  be  called 
on  October  25th  to  consider  the  question  of  closer  co-operation  between 
the  Association  of  Professional  Engineers  of  Manitoba  and  the  Manitoba 
Branch  of  The  Engineering  Institute  of  Canada,  which  members  of 
both  associations  are  invited  to  attend. 

At  the  meeting  of  the  local  Branch  of  The  Engineering  Institute 
on  the  evening  of  November  1st,  1934,  Professor  H.  N.  Fieldhouse, 


Professor  of  History  at  the  University  of  Manitoba,  gave  an  address 
on  "Germany  of  Today." 

Professor  Fieldhouse,  who  is  recognized  as  an  authority  on  Eu- 
ropean politics,  spent  the  past  summer  in  a  tour  of  Europe  making 
observations  and  getting  information. 

The  lecture  was  extremely  interesting  and  appreciated  by  all.     ' 
A  novel  feature  of  the  meeting  was  that  an  invitation  was  extended 
to  the  ladies  to  attend. 

At  the  local  Branch  meeting  of  The  Engineering  Institute  of 
Canada,  held  on  Thursday  evening,  November  15th,  1934,  two  very 
interesting  papers  were  presented  by  Mr.  J.  L.  Greenlaw,  B.Sc.,  and 
Mr.  W.  Peterkin,  B.Sc,  both  members  of  the  local  branch  of  the 
Junior  Engineers'  Association. 

The  Science  of  Lighting 

Mr.  Greenlaw,  who  is  with  the  lamp  sales  division  of  the  Canadian 
General  Electric  Company,  opened  the  programme  of  the  evening  with 
a  paper  on  "The  Science  of  Lighting."  He  first  pointed  out  how  the 
design  of  proper  lighting  had  evolved  from  the  old  trial  and  error  method 
to  the  scientific  method  as  used  today  where  design  is  based  on 
experimentally  determined  facts.  He  also  touched  on  the  physiological 
and  psychological  effects  of  lighting  and  brought  out  some  interesting 
facts,  such  as — 

In  order  to  effect  a  general  improvement  in  seeing  from  a 

lower  intensity  of  illumination  to  a  higher  it  is  necessary  to  double 

the  intensity   of   illumination,   and   in   connection   with   this   he 

showed  that  the  wattages  of  present  day  lamps  increased  approx- 
imately in  this  geometrical  ratio. 

Glare,  due  to  high  intensity  of  illumination,  produces  a  nervous 

muscular  tension  and  is  just  as  fatiguing  as  a  very  low  level  of 

illumination. 

In  a  test  performed  on  one  hundred  people  with  normal 

vision  it  was  found  that  the  majority  of  them  picked  100  foot 

candles  as  the  intensity  for  comfortable  seeing. 

At  the  conclusion  of  Mr.  Greenlaw's  paper  an  interesting  discussion 
followed  and  a  vote  of  thanks  was  tendered  by  Dean  Fetherstonhaugh, 
m.e.i.c 

A  New  Process  of  Metallization 

Mr.  Peterkin  then  commenced  his  paper,  the  subject  of  which 
was  "A  New  Process  of  Metallization."  He  first  of  all  explained  this 
process  as  consisting  of  spraying  finely  divided  hot  metal  on  the  surface 
of  the  material  to  be  metalized.  The  spray  gun  used  is  fitted  with  air 
oxygen  and  acetylene  intakes.  In  the  operation  of  the  gun  the  correct 
mixtures  of  oxygen  and  acetylene  are  ignited  and  the  material  to  be 
atomized  is  drawn  through  this  flame  in  the  form  of  a  wire  and  after 
melting  is  broken  up  into  fine  spray  by  a  stream  of  compressed  air. 
Part  of  this  air  is  used  to  drive  a  small  turbine  in  the  gun  which  is 
adjusted  to  feed  the  wire  into  the  flame  at  the  correct  rate  of  speed. 

This  process  was  investigated  back  in  1882  but  it  was  not  until 
1911  that  a  patent  was  taken  out  by  Dr.  Schoop,  a  German  scientist. 
It  is  just  recently,  however,  that  the  process  has  been  introduced  in 
this  country. 

Mr.  Peterkin  pointed  out  a  very  large  number  of  applications  of 
this  process,  such  as  the  building  up  of  worn  shafting,  the  spraying  of 
dairy  kettles,  the  coating  of  steel  parts  of  seaplanes  with  cadmium 
for  protection  against  salt  water  corrosion,  and  the  spraying  of  a 
bridge  in  Toronto  vdth  a  coating  of  zinc. 

He  also  stated  that  the  coating  of  metal  can  be  built  up  to  any 
thickness  but  that  one  of  its  properties  is  that  it  has  no  appreciable 
tensile  strength  and  is  very  brittle.  It  has,  however,  a  high  com- 
pressive strength  which  of  course  is  an  advantage  in  the  case  of  built  up 
shafting  or  crank  pins. 

During  Mr.  Peterkin's  talk  a  number  of  questions  were  asked 
and  at  the  conclusion  a  hearty  vote  of  thanks  was  tendered  both  these 
men  by  T.  C.  Main,  a.m.e.i.c. 


The  recent  consolidation  whereby  the  Brown  Instrument  Company 
of  Philadelphia  became  a  subsidiary  of  Minneaj)olis-Honeywell  Eegulator 
Company  of  Minneapolis  unites  two  of  the  largest  and  oldest  firms  in 
the  control  field.  The  Minneapolis-Honey  well  Regulator  Company 
Limited  thus  rounds  out  and  complements  its  line  of  heating,  venti- 
lating, cooling,  humidifying  and  air  conditioning  control  equipment 
for  domestic  and  large  building  applications  as  well  as  its  line  of  auto- 
matic process  controls. 

The  Brown  Instrument  Company's  business  has  been  exclusively 
in  the  industrial  field  and  consists  of  a  complete  line  of  instruments  for 
indicating,  recording  and  controlling  of  high  temperatures,  pressures, 
flows,  liquid  levels,  CO2,  speeds,  etc.,  serving  such  varied  industries  as 
oil,  power,  steel,  chemical,  glass  and  automotive  industries. 

Plans  are  being  made  for  manufacturing  and  servicing  the  Brown 
Instrument  line  at  the  Toronto  plant  of  the  Minneapolis-Honeywell 
Regulator  Company. 


J.  T.  Donald  and  Company  Limited,  Montreal,  have  been  appointed 
official  assayers  to  the  Canadian  Commodity  Exchange  Incorporated, 
which  is  the  official  title  of  the  new  silver  exchange  in  Montreal. 

Couplings — Parker  Appliance  Company,  Cleveland,  Ohio,  have 
issued  Bulletin  No.  37,  containing  64  pages,  and  giving  particulars  and 
price  list  of  the  Parker  tube  couplings  and  associated  equipment. 
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Leadership,  Profits  and  Recovery 

In  many  countries  it  is  difficult  for  business  to  take  the  lead  in 
efforts  to  restore  prosperity  because  of  public  distrust  of  business 
leaders.  Unusual  prosperity  seems  to  break  down  the  homely  virtues 
and  in  many  instances,  although  by  no  means  generally,  to  vmdermine 
business  morality. 

While  all  authorities  are  in  agreement  that  increased  purchasing 
power  is  a  necessity  as  a  means  toward  recovery,  authorities  disagree 
as  to  the  means  by  which  this  end  may  be  best  attained.  There  is  a 
very  considerable  body  of  opinion  which  has  advocated  an  advance  in 
wages  as  the  most  direct  means  of  securing  increasing  national  pur- 
chasing power.  The  arguments  in  favour  of  this  viewpoint  have  been 
widely  broadcast  in  recent  months  and  there  is  no  need  to  do  more  than 
mention  it  in  general. 

On  the  other  side  of  this  argument  is  the  experience  of  the  individual 
company  executive  who  is  using  every  means  within  his  power  to 
lower  costs  and  restore  his  company  to  a  position  where  it  will  show 
profits.  Many  such  executives  are  in  sympathy  with  the  viewpoint 
previously  expressed,  but  they  cannot  see  how  such  an  argument 
applies  to  their  own  situation,  since  they  have  the  knowledge  that 
without  drastic  retrenchment  they  will  be  forced  to  restrict  operations 
or,  in  extreme  cases,  to  close  down  and  thus  accentuate  deflation. 

During  the  worst  of  the  depression  the  maintenance  of  employ- 
ment even  at  low  wages  may  mean  less  suffering  than  that  which  will 
follow  upon  a  mounting  volume  of  unemployment.  The  total  real 
income  of  the  coimtry  is  the  total  volume  of  production.  As  the  total 
volume  of  production  is  diminished  there  must  be  a  corresponding 
decline  in  consumption  and  a  proportionate  decline  in  the  standard  of 
living.  The  maintenance  of  a  wage  scale  which  reduces  the  total 
volume  of  production  necessarily  accentuates  depression.  If  this  is  a 
fair  statement  of  the  wage  policy  during  depression,  let  us  examine 
the  comparative  effects  of  relatively  low  wages  and  of  advancing  real 
wages  in  the  early  stages  of  recovery. 

The  company  which  has  been  operating  for  three  or  four  years 
without  profits  is  not  likely  to  be  willing  to  pay  out  in  wages  the  full 
additional  amount  which  it  receives  as  a  result  of  the  first  advance  in 
prices  which  occiu-s  during  recovery.  Quite  aside  from  the  point  that  the 
owners  have  been  receiving  little  or  no  return  on  their  investments,  it  is 
doubtful  whether  such  immediate  wage  payments  constitute  the  most 
effective  method  of  cutting  down  unemployment  and  increasing  the 
aggregate  buying  power  of  the  community.  In  the  first  place,  if  wages 
are  increased,  the  resulting  expenditure  will  add  a  direct  increment  to 
the  pm-chasing  power  of  the  community,  but  it  also  follows  that  manage- 
ment will  make  special  efforts  to  keep  down  the  number  of  new  em- 
ployees, both  by  the  use  of  new  labour-saving  machinery  and  by  other 
methods  of  increasing  per-man  output.  If  the  new  increment  in  revenue 
goes  to  capital  instead  of  to  wages,  the  corporation  which  has  been 
showing  no  profits  for  several  years,  may  show  reasonable  earnings. 
In  terms  of  values  in  the  security  markets  the  securities  of  the  cor- 
poration are  likely  to  advance  by  at  least  ten  times  the  increment  in 
earnings.  They  may  advance  much  more  than  this,  since  the  psycho- 
logical situation  will  have  changed  from  one  in  which  security  holders 
fear  the  worst  to  one  in  which  they  hope  for  the  best.  In  the  second 
place,  the  corporation  itself  will  be  in  a  far  better  position  to  undertake 
and  to  finance  expansion  of  its  own  activities,  including  under  this 
heading,  alterations,  repairs  and  improvements  as  well  as  direct  in- 
creases in  production.  Each  of  these  activities  will  tend  to  swell  the 
total  volume  of  wages  within  the  country.  In  the  third  place,  as  the 
holders  of  the  securities  of  the  corporation  begin  to  see  their  holdings 
advance  in  value,  their  own  reactions  to  the  situation  change,  and 
they  are  willing  to  realize  upon  or  borrow  against  the  additional  values 
of  the  securities  mentioned  to  finance  expansion  of  both  a  corporate  and 
private  character.  The  amazing  building  programme  in  Great  Britain 
which  has  been  the  feature  of  their  recent  recovery,  can  be  clearly  iden- 
tified with  the  great  improvement  in  values  of  government  and  corpora- 
tion securities  beginning  with  the  government's  scheme  of  debt  con- 
version. 

Certainly,  the  question  as  to  whether  increased  profits  should 
precede  or  follow  upon  increase  in  wages  is  a  subject  upon  which  there 
has  been  insufficient  research.  Which  plan  will  bring  about  the  quickest 
restoration  of  employment  ?  Which  plan  will  lead  most  quickly  to  an 
increase  in  the  total  volume  of  wages  and  a  rise  in  the  buying  power  of 
the  country  as  a  whole? 

The  government  which  desires  to  secure  business  co-operation  in 
restoring  employment  must  create  conditions  where  profits  are  possible. 
Such  theories  may  not  sound  idealistic,  but  it  is  important  that  in  this 
matter  governments  should  be  pragmatic;  that  they  shall  do  that  which 
brings  real  recovery  by  the  shortest  route.  To  create  that  stability 
which  will  permit  well-managed  companies  to  make  profits  is  an  ob- 
jective well  worthy  of  pursuit.  Business  is  adaptable  and  can  ac- 
climate itself  to  widely  varying  conditions,  provided  those  conditions 
remain  stable.  Uncertainty  as  to  future  legislative  action  is  most  dis- 
turbing. The  business  world  seeks  stability  and  prosperity  can  be  best 
attained  where  basic  laws  are  unchanging  and  where  peace  is  assured. 
— From  The  Royal  Bank  of  Canada  Monthly  Letter 
for  November,  19S4- 


Once  Again,  Relief  or  Recovery? 

In  a  recent  issue  of  the  New  York  Herald  Tribune,  Walter  Lippman 
considers  a  matter  that  has  often  been  discussed.  He  tries  to  reconcile 
and  if  possible  combine  governmental  efforts  in  behalf  of  relief  and 
recovery. 

Much  of  his  analysis  is  sound,  especially  when  he  points  out  the 
danger  of  doling  out  relief  merely  to  keep  body  and  soul  together;  he 
sees  that  the  relief  that  is  cheapest  from  a  pecuniary  aspect  is  also  the 
most  demoralizing  to  its  recipient.  He  sees  also  the  need  for  administer- 
ing relief  and  recovery  measures  with  due  regard  for  their  effect  upon 

each  other. 

*     *     * 

To  accomplish  Mr.  Lippman's  original  purpose  of  reconciling  relief 
and  recovery  there  is  but  one  practical  course.  That  is  to  have  a 
relief  programme  for  relief  and  a  public  construction  programme  for 
recovery.  Experience  has  taught  us  that  the  relief  programme  must 
not  be  permitted  to  invade  and  complicate  that  field  of  public  works 
construction  which  now  is  available  to  the  normal  functioning  of  the 
construction  industry.  The  purpose  of  a  public  works  programme  is 
to  foster  recovery  by  using  the  public  credit  to  sustain  the  process 
of  capital  investment  until  such  time  as  increasing  confidence  leads 
private  capital  into  the  construction  market.  This  calls  for  a  sound 
public  works  programme  operated  with  no  taint  of  relief  psychology. 

Mr.  Lippman's  programme  would  scuttle  the  recovery  of  the 
construction  industry  in  the  interest  of  direct  relief,  turn  back  the 
recovery  clock  and  gamble  on  the  speed  with  which  private  enterprise 
will  be  ready  and  able  to  go  in  for  substantial  construction. 

— Willard  Chevalier  in  the  December  20th,  19S4,  issiie  of  the 
Engineering  News-Record. 

Engineering  in  Fascist  Italy 

The  engineering  operations  carried  out  by  the  Fascist  government 
during  the  first  ten  years  of  its  existence  are  described  in  a  volume 
entitled  "Opere  Pubbliche,  1922-1932"  published  by  the  Italian  Minister 
of  Public  Works. 

During  that  time  some  400,000,000  lire  have  actually  been  spent,  and 
when  the  programme  has  been  completed  the  total  outlay  will  amount 
to  about  1,000,000,000  lire  compared  with  the  347,000  lire  during  the 
fifty-two  years  preceding  1922.  This  money  has,  it  is  claimed,  not  b^en 
expended  as  a  temporary  measure  to  reduce  unemployment,  but  has 
been  directed  solely  to  the  development  of  the  trade  and  industry  of 
the  country,  the  backbone  of  which  is  agriculture.  Thus  hydro-electric 
plant  has  been  installed  to  replace  foreign  coal,  watercom-ses  and 
irrigation  works  have  been  constructed,  and  harbours,  railways  and 
roads  have  been  built  to  assist  in  the  distribution  of  the  produce  of  the 
fields.  In  this  way  it  is  hoped  that  the  300,000  persons,  who  formerly 
emigrated  each  year,  will  be  settled  on  the  large  areas  of  land  that  have 
been  reclaimed  and  that  the  prosperity  of  the  coimtry  will  be  greatly 
increased. 

The  network  of  main  highways  directly  controDed  by  the  state 
is  12,758  miles  long  and  is  administered  by  a  Board.  5,350  miles  of 
these  roads  have  been  improved  and  a  further  684  miles  are  under 
construction. 

In  the  field  of  railways,  the  activities  of  the  state  are  exerted 
directly  and  through  the  medium  of  assistance  to  private  enterprise. 
In  all,  1,784  miles  of  new  line  have  been  completed  and  a  further  812 
miles  are  in  course  of  construction. 

Under  the  heading  of  "Ports  and  Harbours"  it  is  learned  that  work 
has  been  undertaken  at  eighty-two  places,  comprising  the  construction 
of  basins  with  an  area  of  68,000,000  square  feet,  of  22.4  miles  of  jetties, 
and  of  29,500,000  square  feet  of  new  quayage.  These  are  fully  equipped 
with  cargo-handling  appliances. 

The  construction  of  4,850  miles  of  drainage  canals  and  706  miles 
of  irrigation  canals,  with  their  correlated  villages  and  roads,  have 
enabled  1,710,000  acres  to  be  put  under  cultivation,  while  when  the 
work  is  completed  the  acreage  reclaimed  will  amount  to  6,000,000.  The 
most  nteresting  of  these  schemes  is  that  on  the  Pontine  Marshes, 
where  56,000  acres  will  be  reclaimed. 

Italy  possesses  abundant  water  resom-ces,  and  in  the  ten  years 
under  review  4.093,518  kw.  of  plant  has  been  installed  in  805  stations, 
thus  nearly  trebhng  the  amount  available  in  1922.  Over  one  hundred 
reservoirs  with  a  total  capacity  of  304,090  million  gallons  have  been 
constructed,  and  eighteen  more  with  a  capacity  of  58,750  million  gallons 
are  under  construction. 

— Engineering. 
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Preliminary   Notice 

of  Applications  for  Admission  and  for  Transfer 


December  27th,  1934 

The  By-laws  provide  that  the  Council  of  The  Institute  shall 
approve,  classify  and  elect  candidates  to  membership  and  transfer 
from  one  grade  of  membership  to  a  higher. 

It  is  also  provided  that  there  shall  be  issued  to  all  corporate 
members  a  liat  of  the  new  applicants  for  admission  and  for  transfer, 
containing  a  concise  statement  of  the  record  of  each  applicant  and 
the  names  of  his  references. 

In  order  that  the  Council  may  determine  justly  the  eligibility 
of  each  candidate,  every  member  is  asked  to  read  carefully  the  list 
submitted  herewith  and  to  report  promptly  to  the  Secretary  any  facts 
which  may  affect  the  classification  and  selection  of  any  of  the  candidates. 
In  cases  where  the  professional  career  of  an  applicant  is  known  to  any 
member,  such  member  is  specially  invited  to  make  a  definite  recom- 
mendation as  to  the  proper  classification  of  the  candidate.* 

If  to  your  knowledge  facts  exist  which  are  derogatory  to  the 
personal  reputation  of  any  applicant,  they  should  be  promptly  com- 
municated. 

Communications  relating  to  applicants  are  considered  by 
the  Council  as  strictly  confidential. 


The  Council  will  consider  the  applications  herein  described  in 
February,  1935. 

R.  J.  DuRLEY,  Secretary. 


*  The  professional  requirements  are  as  follows: — 

A  Member  shall  be  at  least  thirty-five  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  twelve  years,  which  period  may  include 
apprenticeship  or  pupilage  in  a  qualified  engineer's  office,  or  a  term  of  instruction  in  a 
school  of  engineering  recognized  by  the  Council.  The  term  of  twelve  years  may,  at 
the  discretion  of  the  Council,  be  reduced  to  ten  years  in  the  case  of  a  candidate  for 
election  who  has  graduated  from  a  school  of  engineering  recognized  by  the  Council. 
In  every  case  the  candidate  shall  have  held  a  position  in  wliicb  he  had  responsiole 
charge  for  at  least  five  years  as  an  engineer  qualified  to  design,  direct  or  report  on 
engineering  projects.  The  occupancy  of  a  chair  as  a  professor  in  a  faculty  of  applied 
science  of  engineering,  after  the  candidate  has  attained  the  age  of  thirty  years,  shall 
be  considered  as  responsible  charge. 

An  Associate  Member  shall  be  at  least  twenty-seven  years  of  age,  and  shall  have 
been  engaged  in  some  branch  of  engineering  for  at  least  six  years,  which  period  may 
include  apprenticeship  or  pupilage  in  a  qualified  engineer's  office  or  a  term  of  instruction 
in  a  school  of  engineering  recognized  by  the  Council.  In  every  case  a  candidate  for 
election  shall  have  held  a  position  of  professional  responsibility,  in  charge  of  work  as 
principal  or  assistant,  for  at  least  two  years.  The  occupancy  of  a  chair  as  an  assistant 
professor  or  associate  professor  in  a  faculty  of  applied  science  of  engineering,  after  the 
candidate  has  attained  the  age  of  twenty-seven  years,  shall  be  considered  as  pro- 
fessional responsibility. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council  shall  be  required  to  pass  an  examination  before  a  board  of  examiners 
appointed  by  the  Council.  The  candidate  shall  be  examined  on  the  theory  and  practice 
of  engineering,  with  special  reference  to  the  branch  of  engineering  in  which  he  has  been 
engaged,  as  set  forth  m  Schedule  C  of  the  Rules  and  Regulations  relating  to  Examina- 
tions for  Admission.  He  must  also  pass  the  examinations  specified  in  Sections  9  and  10, 
if  not  already  passed,  or  else  present  evidence  satisfactory  to  the  examiners  that  he 
has  attained  an  equivalent  standard.  Any  or  all  of  these  examinations  may  be  waived 
at  the  discretion  of  the  Council  if  the  candidate  has  held  a  position  of  professional 
responsibility  for  five  or  more  years. 

A  Junior  shall  be  at  least  twenty-one  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  four  years.  "This  period  may  be  reduced  to 
one  year  at  the  discretion  of  the  Council  if  the  candidate  for  election  has  graduated 
from  a  school  of  engineering  recognized  by  the  Council.  He  shall  not  remain  in  the 
class  of  Junior  after  he  has  attained  the  age  of  thirty-three  years,  unless  in  the  opinion 
of  Council  special  circumstances  warrant  the  extension  of  this  age  limit. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council,  or  has  not  passed  the  examinations  of  the  third  year  in  such  a  course, 
shallbe  required  to  ppss  an  examination  in  engineering  science  as  set  forth  in  Schedule  B 
of  the  Rules  and  Regulations  relating  to  Examinations  for  Admission.  He  must  also 
pass  the  examinations  specified  in  Section  10,  if  not  already  passed,  or  else  present 
evidence  satisfactory  to  the  examiners  that  he  has  attained  an  equivalent  standard. 

A  Student  shall  be  at  least  seventeen  years  of  age,  and  shall  present  a  certificate 
of  having  passed  an  examination  equivalent  to  the  final  examination  of  a  high  school, 
or  the  matriculation  of  an  arts  or  science  course  in  a  school  of  engineering  recognized 
by  the  Council. 

He  shall  either  be  pursuing  a  course  of  instruction  in  a  school  of  engineering 
recognized  by  the  Council,  in  which  case  he  shall  not  remain  in  the  class  of  Student  for 
more  than  two  years  after  graduation;  or  he  shall  be  receiving  a  practical  training  in 
the  profession,  in  which  case  he  shall  pass  an  examination  in  such  of  the  subjects  set 
forth  in  Schedule  A  of  the  Rules  and  Regulations  relating  to  Examinations  for  Ad- 
mission as  were  not  included  in  the  high  school  or  matriculation  examination  which 
he  has  already  passed;  he  shall  not  remain  in  the  class  of  Student  after  he  has  attained 
the  age  of  twenty-seven  years,  unless  in  the  oi'inion  of  Council  special  circiunstances 
warrant  the  extension  of  this  age  limit. 

An  Afifiliate  shall  be  one  who  is  not  an  engineer  by  profession  but  whose  pursuits, 
scientific  attainments  or  practical  experience  qualify  him  to  co-operate  with  engineers 
in  the  advancement  of  professional  loiowledge. 


The  fact  that  candidates  give  the  names  of  certain  members  as  reference  does 
not  necessarily  mean  that  their  applications  are  endorsed  by  such  members. 


FOR  ADMISSION 

BALDRY— GEORCiE  EPHRIAM,  of  810  Wolseley  Ave.,  Winnipeg,  Man., 
Morn  at  Osgoode,  Ottawa  Valley,  Ont.,  Oct.  29th,  1883;  Educ.  Wesley  College,  Win- 
nipeg, and  private  tuition;  1901,  Carlton  Drainage;  1902-03,  C.P.R.;  1904-05,  general 
engrg. ;  1906,  with  L.  A.  .Smart  organized  the  Baldry  EnRineering  Company,  special- 
izing in  concrete  foundation  work,  concrete  piles,  designing  as  well  as  building  the 
Cornwall,  Wolseley,  Lincoln  and  Gloucester  Apts.,  and  many  others,  until  interrupted 
Ijy  overseas  service.  On  return,  resumed  old  work,  and  out  of  such  experience  has 
developed  a  cast-in-place  concrete  pile  Has  put  in  many  hundreds  of  these  piles, 
possibly  7,5%  of  all  the  foundation  work  under  existing  bldgs.  that  has  been  done  in 
Winnipeg.  At  present  chief  engr.,  Baldry  Engrg.  and  Construction  Co.  Ltd.,  Win- 
nipeg, Man. 

References:  A.  Campbell,  E.  S.  Kent,  D.  L.  McLean,  W.  Walkden. 

CAMPBELL— LORNE  ARGYLE,  of  Rossland,  B.C.,  Born  at  Perth,  Ont., 
March  5th,  1871;  Educ,  Perth  Collegiate  Institute;  Member,  Executive  Council,  Assn. 
of  Prof.  Engrs.  of  B.C.;  1889-91,  with  Edison  General  Electric  Co.;  1891-98,  with 
Can.  Gen.  Elec.  Co.  Ltd.,  from  1896-98  as  chief  engr.;  1898  to  date,  with  West  Koote- 
iiay  Power  and  Light  Co.  Ltd.,  as  Vice-President  and  General  Manager.  Since  1906 
in  charge  of  all  elect'l.  and  hydraulic  engrg.  of  this  company.  Responsible  for  design 
l)oth  electrically  and  hydraulically  of  No.  1  Plant,  Lower  Bonnington,  No.  3  Plant, 
South  .Slocan,  and  No.  4  Plant,  Corra  Linn. 

References:  G.  H.  Duggan,  H.  H.  Vaughan,  J.  M.  R.  Fairbairn,  J.  C.  Smith, 

F.  Newell,  F.  P.  Shearwood. 

DOBELL— CURZON,  of  Montreal,  Que.,  Born  at  Sherbrooke,  Que.,  April  21st, 
1909;  Educ,  1927-29,  R.M.C.;  1929-31,  sec  treas.,  Henry  Dobell  &  Co.  Ltd.,  chem. 
importers  and  agents,  and  asst.  to  govt,  inspr.  of  potash  and  pearlash;  1931-34,  Mont- 
real manager  and  estimating,  Concrete-Masonry  Restoration  Ltd.;  1934  to  date, 
estimating  and  sales  engr.,  Gunite  &  Waterproofing  Ltd.,  Montreal,  Que. 

References:  L.  E.  Schlemm,  L.  C.  Jacobs,  W.  McG,  Gardner,  A.  A.  Wickenden, 

G.  B.  Mitchell,  A.  R.  Chadwick,  R.  M.  Doull,  G.  M.  Wynn. 

IRWIN— GIFFORD  MELVILLE,  of  Victoria,  B.C.,  Born  at  Minnedosa,  Man., 
May  5th,  1885;  Educ,  B.Sc  (C.E.),  McGill  Univ.,  1919;  1906-09,  land  surveying  in 
B.C., rid.  location  and  constrn.  on  G.T.P.,  topog'r.,  transitman,  inspr.;  1909-10,  land 
surveying  and  rid.  location,  revision,  prelim,  survey,  transitman  and  levelman,  G  T.P. ; 
1911-13  (summers),  in  charge  land  survey  party.  Winters  at  McGill  Univ.;  1913-15, 
employed  by  chief  engr.  of  Pacific  Great  Eastern  Rly.,  procuring  information  from 
Prov.  Govt,  offices  in  Victoria,  B.C.;  1919-20,  asst.  in  civil  engrg.,  Univ.  of  B.C.,  also 
timber  tester,  in  Forest  Products  Labs,  of  Canada;  1920-23,  instructor  in  Civil  Engrg., 
Univ.  of  B.C.,  had  charge  of  lab.  course  in  strength  of  materials,  lectured  in  materials 
of  engrg.,  struct'l.  engrg.,  etc.,  also  during  vacations  was  employed  as  inspr.,  instr'man., 
etc., for  City  of  Vancouver;  1923-28,  engr.,  City  of  Vancouver,  chiefly  as  asst.  to  roads 
and  sewerage  engr  ;  1928-32,  asst.  city  engr.,  Victoria,  B.C.;  1932-34,  city  engr.,  and 
water  commissioner,  City  of  Victoria,  B.C.  (17  mos.  in  acting  capacity). 

References:  C.  Brakenridge,  R.  Rome,  H.  L.  Swan,  F.  C.  Green,  J.  N.  Anderson. 

RIMMER— RALPH  HORTON,  of  Arvida,  Que.,  Born  at  Burlington,  N.C., 
U.S.A.,  Nov,  22nd,  1896;  Educ,  B.S.  in  Chem.  Engrg.,  Univ.  of  North  Carolina, 
1918;  1918-19,  chemist  and  inspr.,  U.S.  Navy;  1919,  chemist,  U.S.  Civil  Service  (Navy 
Dept.);  1919-22,  chemist,  E.  I.  DuPont  de  Nemours  Co.,  Wilmington,  Del.;  1922-28, 
chem.  engr.,  research  bureau.  Aluminum  Co.  of  America,  Badin,  N.C.;  1928-30,  chem. 
engr.,  ore  plant,  and  1930  to  date,  asst.  supt.,  aluminum  plant.  Aluminum  Co.  of 
Canada   Ltd.,  Arvida,   Que. 

References:  F.  L.  Lawton,  M.  G.  Saunders,  J.  W.  Ward,  H.  R.  Wake,  A.  W. 
Whitaker,  Jr. 

FOR  TRANSFER  FROM  THE  CLASS  OF  ASSOCIATE  MEMBER  TO  THAT 
OF  MEMBER 

BONN— WILLIAM  ERNEST,  of  215  Riverview  Ave.,  Toronto,  Ont.,  Born  at 
Barry,  Wales,  Feb.  28th,  1887;  Educ,  1905  11,  Glasgow  and  West  of  Scotland  Tech- 
nical School,  prep,  course  for  M.Inst.C.E.;  1906-09,  articled  pupil,  P.  and  W.  Ander- 
son, engrg.  staff;  1909-U,  Caledonian  Rly  ,  central  district  engr's  staff;  1911-13,  res. 
engr.,  C.N.R. ;  1913-14,  with  R.  B.  Herrin,  and  Co.,  Toronto  Harbour  Development; 
1914-18,  Dept.  Public  Works,  asst.  res.  engr.,  Toronto  Harbour  Development;  res. 
engr..  Pier  15,  reconstrn.  at  Saint  John,  N.B.;  office  engr.,  C.N.R.  Arbitration;  1918, 
James  Stewart  Inc.  (Agents)  Emergency  Corp.,  stability  diagrams;  1918-20,  Candn. 
Stewart  Co.;  1920-27,  engr.  in  charge  dredging  and  constrn.,  Toronto  Harbour  Com- 
mnrs.;  1927-29,  chief  engr.,  Roger  Miller  &  Sons;  1929  to  date,  with  Canadian  Dredging 
Co.  Ltd.,  engr.  in  charge  of  Toronto  district.  Estimates,  costs,  organizing,  stability 
of  structures  under  constrn.,  design  of  plant,  etc.     (Jr.  1914,  A.M.  1918.) 

References:  C.  S.  L.  Hertzberg,  J.  J.  Traill,  R.  E.  Smythe,  E.  L.  Cousins,  A.  B. 
Crealock. 

CREALOCK— ARCHIE  BURGESS,  of  502  Riverside  Drive,  Toronto,  Ont., 
Born  at  Toronto,  Jan.  9th.  1893;  Educ,  B.A.Sc  (Hons),  Univ.  of  Toronto,  1915; 
1912-13  (summers),  original  surveys  of  Toronto  Harbour  Commn.;  1914  (part  sum- 
mer), Toronto  and  York  Roads  Commn.;  1915,  dfting  and  estimating  on  preparation 
of  report  of  Civic  Transportation  Committee  re  transportation  facilities  in  and  around 
Toronto;  1916-17,  Canadian  Inspecting  and  Testing  Labs,  and  Imperial  Ministry  of 
Munitions.  Inspection  and  physical  testing  of  cartridge  case  discs,  brass  rods,  etc., 
Toronto,  Detroit,  Montreal.  1917,  chief  examiner,  as  above;  1918-19,  chief  examiner, 
metallurgical  work,  aeroplane  engines,  Toronto;  1919-24,  bridge  dept.  of  Ontario  Dept. 
of  Public  Highways,  dfting  and  design;  1924-29,  bridge  engr.  of  Provincial  Highway 
.System,  Prov.  of  Ontario,  in  charge  of  design  and  constrn.  of  all  bridges  on  the  Pro- 
vincial System;  1929  to  date,  consltg.  engr.  in  private  practice,  Toronto,  Ont.  {St. 
1914   AM   19^3  ) 

References:  P.  L.  Pratley,  J.  J.  Traill,  C.  S.  L.  Hertzberg,  J.  R.  Cockburn,  C.  R. 
Young,  R.  M.  Smith,  A.  A.  Smith. 

LEGER— OSWALD  ERNEST,  of  Toronto,  Ont.,  Born  at  Lachine,  Que.,  Dec. 
19th,  1889;  Educ,  McGill  Univ.,  1911-12;  1907-14,  with  Dominion  Bridge  Company; 
1914-19,  overseas,  Can.  Engrs.,  Capt.;  1920-24,  asst.  chief  engr.,  International  Paper 
Co.,  New  York;  1924-33,  vice-president  in  charge  of  steel  dept.,  Canadian  Vickers  Ltd.; 
at  present,  asst.  to  the  President,  Hamilton  Bridge  Co.  Ltd.,  Toronto,  Ont.  (.AM. 
1924.) 

References:  R.  K.  Palmer,  C.  S.  L.  Hertzberg,  P.  L.  Pratley,  A.  Love,  R.  Ramsay. 

SMYTHE— RO.  ERIC,  of  38  Duplex  Ave.,  Toronto,  Ont.,  Born  at  Merritton, 
Ont.,  Feb.  12th,  1895;  Educ,  B.A.Sc.  Univ.  of  Toronto,  1926;  1913  and  1914,  rodman 
and  instr'man,,  Welland  Ship  Canal;  1923-24  (summers),  anstr'man..  City  of  Toronto; 
1915-19.  overseas,  C.E.F,,  Col,  D.S.O.,  M.C.;  1919-21,  jr.engr.,  Welland  Ship  Canal; 
1925,  designing  engr.,  G.T.R.  Western  Lines,  bridge  and  grade  separation,  Detroit; 
1926-28,  Detroit  City  Gas  Co.,  design  of  plant,  bldgs.  and  supervision  of  constrn.; 
1928,  Detroit  Edison  Company;  1928  to  date,  director.  Technical  Service  Council, 
Toronto,  Ont.     (Jr.  1920,  A.M.  1929.) 

References:  C.  S.  L.  Hertzberg,  J.  R.  Cockburn,  A.  B.  Crealock,  G.  L.  Wallace, 
A.  M.  Reid,  C.  R.  Young. 
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WILSON— WILLIAM  STEWART,  of  20  Humewood  Drive,  Toronto,  Ont., 
Born  at  Louise,  Ont.,  Jan.  17th.  1894;  Educ,  B.A.Sc,  Univ.  of  Toronto,  1921;  1920 
(summer),  dftsman.,  C.N.R.,  bridge  dept.;  1915-19,  overseas,  C.E.F.,  Lieut.,  Capt. ; 
1921-22,  estimating  and  supervising  constrn.  work,  Wilson  &  Falconer;  1922-23, 
estimator,  Dowling-Williams,  Ltd.;  1923-20,  demonstrator,  dept.  of  engrg.  drawing, 
Fac.  of  App.  Science  and  Engrg.,  Univ.  of  Toronto;  1926-27,  estimator,  R.  W.  H. 
Binnie,  gen.  contractor;  1927  to  date.  Secretary,  Faculty  of  Applied  Science  and 
Engrg.,  Univ.  of  Toronto.  During  years  1927-34,  May  to  Oct.  in  each  year,  estimator 
for  R.  W.  H.  Binnie,  making  quantity  surveys  and  responsible  for  preparation  of  es- 
timates.     {St.  1921.  A.M.  1036.) 

References:  A.  B.  Crealock,  R.  E.  Smythe,  O.  Holden,  J.  M.  Breen,  A.  U.  Sander- 
son, W.  E.  Bonn,  W.  W.  Gunn. 

WOOD— JAMES  ROBERT,  of  Calgary,  Alta.,  Born  at  Alexandria,  Scotland, 
.'ipril  26th,  1887;  Educ,  Associate  (in  Civil  Engrg.),  Royal  Technical  College,  Glasgow, 
1911;  1904-10,  ap'ticeship  in  mech'l.  engrg.,  Crow-Harve.y  &  Company,  Glasgow; 
1911-12,  res.  engr.  on  mill  constrn.,  for  T.  Pringle  &  Son,  Montreal;  1911-14,  dftsman 
and  res.  engr.  on  design  and  constrn.  of  several  water  works  and  sewage  disposal  plants, 
for  John  Gait  Engrg.  Co.,  Winnipeg;  1917-18,  water  power  engr.  (hydrometric), 
Dom.  Govt,  in  B.C.;  1922  (6  mos.).  asst.  to  mech.  supt..  Imperial  Oil  Refinery,  Regiiia 
(temp,  position);  1923-27,  with  Black  &  Veateh,  consltg.  engrs.,  Kansas  City,  Mo., 
as  res.  engr.  on  various  water  works,  sewage  disposal  plants,  and  water  filtration  plants, 
in  office  on  design  and  reports,  and  in  charge  of  surveys.  Blue  River  intercepting 
sewer  and  Goose  Creek  storm  sewer;  1927-28,  engr..  Pacific  Mills,  Ltd.,  Ocean  Falls, 
B.C.;  1928-29,  designing  engr..  City  of  Vancouver;  1929  to  date,  asst.  city  engr.. 
City  of  Calgary,  Alta.     (A.M.  1919.) 

References;  A.  S.  Chapman,  P.  Turner-Bone,  J.  Haddin,  T.  Lees,  F.  M.  Steel, 
W.  Storrie. 

FOR  TRANSFER  FROM  THE  CLASS  OF  JUNIOR 

COCKBURN— JOHN  MACMILLAN.  3617  Decarie  Blvd.,  Montreal,  Que., 
Born  at  Gravenhurst,  Ont.,  Mar.  8th,  1900;  Educ,  B.Sc.  (Elec),  Queen's  Univ., 
1924;  1924-27,  test  and  engrg.  course  at  Can.  Gen.  Elec  Co.,  Peterborough  and  Daven- 
port Works,  also  Head  Office;  1928  to  date,  engrg.  on  dial  telephone  central  office  equip- 
ment. Telephone  Systems  Engrg.,  Dept.,  Northern  Electric  Co.  Ltd.,  Montreal,  Que. 
(.S'(.  10S2,  Jr.  1027.) 

References:  W.  R.  Bunting,  W.  N.  McGuinness,  L.  Lucas,  E.  S.  Kelsey,  W.  H. 
Jarand,  F.  W.  Angus,  J.  F.  Plow. 

HICKS— BEN  CHURCH,  of  3455  Prudhomme  Ave.,  Montreal,  Que.,  Born  at 
Bridgetown,  N.S.,  June  20th,  1901;  Educ,  B.Sc  (E.E.),  McGill  Univ.,  1927;  1923-24, 
gen.  constrn.  work  on  hydro-electric  power  development  for  the  Nova  Scotia  Power 
Commission;  1924-25,  hydro-electric  power  plant  operation;  1927-30,  relay  mtce.  engr., 
and  1930  to  date,  testing,  investigation  and  research  on  relays  and  relay  applications, 
Shawinigan  Water  and  Power  Company,  Montreal,  Que.     (St.  1021,  Jr.  ibks.) 

References:  J.  Morse,  G.  R.  Hale,  C.  V.  Christie,  S.  C.  Hill,  E.  W.  Knapp. 

JUSTICE— CLAUDE  WELLINGTON,  of  Noranda,  Que.,  Born  at  Dauphin, 
Man.,  Aug.  28th,  1901;  Educ,  B.Sc.  (E.E.),  Univ.  of  Man.,  1926;  Summer  work:  1920 
and  1924,  C.P.R.  rly.  constrn.;  1923,  instr'man.,  Pan-American  Oil  Co.,  Calif.;  1925, 
cost  clerk,  L.  E.  Meyers  Constrn.  Co.,  Chicago;  1926-27,  elec.  test  course,  and  1927- 
1930,  jr.  asst.  engr.,  Industrial  Control  Engrg.  Dept.,  Canadian  General  Electric  Co. 
Ltd.,  Peterborough;  1930-31,  elect'l.  demonstrator,  elec'l.  labs,  and  assting  in  work  of 
engrg.  dept.,  LTniversity  of  Manitoba;  1931  to  date,  asst.  to  the  plant  engr.,  Noranda 
Mines,  Ltd.,  in  constrn.  and  mtce.  dept.,  on  work  chiefly  elect'l.  and  mech'l.  Super- 
vising design  and  installn.  of  electric  power  circuits  and  equipment,  above  and  below 
ground;  assting  in  design  and  installn.  of  special  elect'l.  and  mech'l.  equipments  for 
the  entire  plant.     (Si.  1925,  Jr.  1920.) 

References;  E.  P.  Fetherstonhaugh,  J.  N.  Finlayson,  N.  M.  Hall,  W.  E.  Ross, 
J.  R.  Bradfield. 

LANGLOIS— WM.  LAWRENCE,  of  Sudbury,  Ont.,  Born  at  Toronto,  Ont., 
Dec.  14th,  1900;  Educ,  B.A.Sc,  1923.  Univ.  of  Toronto;  R.P.E.  Que.  and  Ont.;  1923, 
asst.  to  archt.  for  Amer.  Chinese  Mission.  Wuchang,  China;  1924-25.  engrg.  dept., 
Twp.  of  Etobicoke,  Ont.;  1925,  jr.  designing  engr.,  H.  G.  Acres  Ltd.;  1927,  levelman 
on  0  mile  constrn.  project,  U.S.  Bureau  of  Public  Roads,  Arizona,  U.S.A.;  1929-30. 
asst.  town  engr.  for  Candn.  International  Paper  Co.,  at  Teniiskaming.  Que.;  1930-32. 
asst.  engr..  Dept.  of  Works,  City  of  Hamilton,  Ont.,  on  design  of  and  later  in  charge 
of  layout  in  the  field  on  constrn.  of  filtration  plant;  at  present  res.  engr.  i/c  of  surveys 
for  and  location  of,  and  also  constrn.  of  Sudburv-North  Bay  Highway,  Dept.  of 
Northern  Development,  Ontario.     (,S(.  1923,  Jr.  1925.) 

References:  R.  L.  Hearn,  A.  K.  Grimmer,  J.  Stodart,  H.  S.  Phillips,  A.  M.  Mills, 
H.  A.  McKay. 

MITCHELL,  J.  MURRAY,  of  Three  Rivers,  Que.,  Born  at  Westmount,  Que.. 
Aug.  27th,  1900;  Educ,  B.Sc.  McGill  Univ.,  1923;  1923-24,  testing  materials,  Quebec 
Development  Co.,  Isle  Maligne;  With  the  Bell  Telephone  Company  of  Canada  as 
follows:  1924-25,  student  engr.  and  asst.  divn.  traffic  supervn.;  1925 -29,  dist.  traffic 
supt.,  Montreal  W.  Div.;  1929-31,  dist.  traffic  supt.,  Montreal  C.  Divn.;  1931  to  date, 
dist.  traffic  supt..  Three  Rivers  District.     (Si.  1022,  Jr.  1930.) 

References:  J.  C.  Antliff,  C.  L.  Brooks,  N.  H.  A.  Eiiger,  K.  S.  LeBaron,  J.  F. 
Plow,  L.  Sterns,  A.  M.  Robertson. 

FOR  TRANSFER  FROM  THE  CLASS  OF  STUDENT 

DONOHOE— GORDON  MILLER,  of  102  Guilford  St.,  Saint  John,  N.B., 
Born  at  Saint  John,  N.B.,  Aug.  16th,  1907;  Educ,  B.Sc,  Univ.  of  N.B.,  1931;  1931, 
inspr.  of  piling  at  Saint  John  Harbour  reconstrn.;  1932,  with  Saint  John  City  Engrg. 
Dept.      (Si.  1931.) 

References:  J.  Stephens,  A.  F.  Baird,  D.  A.  Duffy,  E.  O.  Turner. 

DUTTON— WILLIAM  LAWRASON,  of  Chatham,  Ont.,  Born  at  Ingersoll, 
Ont.,  Aug.  .5th,  1907;  Educ.  B.A.Sc,  Univ.  of  Toronto,  1931;  O.L.S.,  1934;  Summers 
1928-29-30,  Teck-Hughes  Mine,  Kirkland  Lake,  Peterborough  Utilities,  Peterborough, 
and  Union  Gas  Company,  Chatham;  1931  to  date,  engr.  with  Union  Gas  Co.  of  Canada, 
Ltd.,  Chatham,  Ont.,  since  April  1934,  in  charge  of  survey  work,  mapping  of  areas  for 
drilling  purposes,  gas  well  locations  and  elevations,  pipe  line  locations,  property  sur- 


veys, etc.  Work  includes  gas  measurement,  installn.  and  mtce.  of  orifice  meters,  chart 
reading,  computations  and  records,  preparation  of  leakage  survey  reports,  also  office 
work — preparation  of  maps  to  show  gas  lines  etc.     (St.  19.30.) 

References:  G.  A.  McCubbin,  R.  L.  Dobbin,  C.  H.  Mitchell,  T.  M.  S.  Kingston, 
C.  R.  Young. 

FISHER— SIDNEY  THOMSON,  410  Victoria  Ave.,  Westmount,  Que.,  Born 
at  Wieseville,  Alta.,  Aug.  8th,  1908;  Educ,  B.A.Sc,  Univ.  of  Toronto,  1930;  1926 
fsummer),  surveying,  Alta.  Highway  Commn.;  1927  (summer),  surveying.  City  of 
Edmonton;  1928  to  date,  design  engr.,  Northern  Electric  Co.  Ltd.,  Montreal,  Que. 
(St.  1927.) 

References:  W.  C.  Adams,  H.  J.  Vennes,  A.  W.  Haddow,  H.  J.  MacLeod,  R.  S.  L. 
Wilson. 

HANGO— J.  RAYMOND,  of  Arvida,  Que,,  Born  at  Brockett,  N.  Dakota,  U.S.A., 
Nov.  4th,  1904;  Educ,  B.Sc.  (E.E.),  Univ.  of  Alta.,  1929;  192.3-27  (summers),  bridge 
and  bldg.  work.  Brazeau  sub.,  Alta..  C.N.R.;  1928  (5  mos.).  elect'l.  dept..  McGillivray 
Coal  and  Coke  Co.  Ltd.,  Coleman,  Alta.;  1929,  3  mos.,  grad.  course.  Canadian  West- 
inghouse  Co.,  Hamilton,  Ont.;  With  Duke-Price  Power  Co.  Ltd.,  as  follows:  1929-30, 
engrg.  asst.,  1930-31,  asst.  to  supt.  of  operation,  1931  to  date,  asst.  elect'l.  engr.  (.St. 
1028.) 

References:  F.  L.  Lawton,  M.  G.  Saunders,  A.  W.  Whitaker,  Jr.,  H.  J.  MacLeod, 
R   W.  Boyle. 

HEDLEY— CUTHBERT  EDWARD,  of  Montreal,  Que.,  Born  at  Leyton, 
London,  England,  Nov.  20th,  1902;  Educ,  1926-27,  1928-29,  1931-32,  McGill  Univ., 
1st  and  2nd  years,  engrg.,  3rd  year,  engrg.  physics.  Cert,  of  Proficiency.  Radio-Tele- 
graphy. East  London  Wireless  College,  London,  England,  Sept.  1931;  1923-26,  radio 
operator,  Canadian  Marconi  Co.  Ltd.  Operator  on  ship  stations  in  full  charge  of 
station.  1927-28,  dftsman..  Northern  Electric  Co.  Ltd..  telephone  circuit  dfting 
dept.;  1929-31,  tracer  and  dftsman..  Alcoa  Power  Co..  Arvida,  Que.;  July  to  Dec. 
1932,  and  Mar.  1933  to  date,  inspr.,  Victor  Talking  Machine  Co.  Ltd.,  inspection  and 
testing  of  radio  components,  power  transformers,  reactors.     (.St.  1929.) 

References:  C.  V.  Christie,  C.  M.  McKergow,  F.  M.  Wood,  G.  O.  Vogan,  J.  H. 
Wilson. 

HURST— WILLIAM  DONALD,  of  223  James  Ave.,  Winnipeg,  Man.,  Born  at 
Winnipeg.  Mar.  15th.  1908;  Educ,  B.Sc  (C.E.),  Univ.  of  Man.,  19,30.  C.E..  Virginia 
Polytechnic  Institute.  1931.  R.P.E.  Man.;  1926-27,  inspr.,  1928-29,  junior  engr.. 
Hurst  Engrg.  Co.,  Winnipeg;  1929,  lecturer.  Survey  School,  Univ.  of  Man.;  1930,  inspr. 
in  charge,  reservoir  constrn..  City  of  Winnipeg;  1930-31.  teaching  Fellow  in  civil 
engrg.,  Virginia  Polytechnic  Institute;  With  the  city  of  Winnipeg  as  follows:  1931. 
res.  engr..  reservoir  constrn.,  1931-32.  investigation  engr.,  proposed  sewage  disposal 
scheme,  1932  to  date,  asst.  engr.  in  charge  of  water  works  operating  branch,  and  other 
engrg.  matters.     (St.  1927.) 

References:  W.  P.  Brereton,  A.  J.  Taunton,  T.  C.  Main,  J.  N.  Finlayson,  E.  V. 
Caton,  G.  H.  Herriot,  H.  M.  White,  E.  W.  M.  James. 

JUBIEN— ERNEST  BURCHELL.  of  5549  Queen  Mary  Road,  Montreal.  Que., 
Born  at  Sydney,  N.S.,  Oct.  30th,  1904;  Educ,  B.Sc,  McGill  Univ.,  1926;  1925  (sum- 
mer), elect'l.  installn.  work,  Nfld.  Power  and  Paper  Co.,  Cornerbrook,  Nfld.;  1926-27, 
test  course.  Gen.  Elec.  Co.,  Lynn,  Mass.;  Nov.  1927  to  May  1928,  office  work,  E.  A. 
Ryan,  m.e.i.c.  consltg.  engr.,  Montreal;  1928  to  date,  engrg.  dept.,  Canadian  Industries 
Ltd.,  Montreal,  Que.  Design  and  constrn.  work  on  paints  and  Duco  plant,  Regina, 
Sask.;  ammonia  oxidation  plant,  Beloeil,  Que  ;  synthetic  ammonia  plant,  Sandwich, 
Ont.;  design  work  on  acid  plant,  Copper  Cliff,  ()nt.,  etc.  (St.  1922.) 

References:  C.  V.  Christie,  E.  A.  Ryan,  L.  DeB.  McCrady,  I.  R.  Tait,  A.  B. 
McEwen,  J.  B.  D'Aeth. 

LALONDE— JEAN  PAUL,  of  2042  Marlowe  Avenue,  Montreal,  Que.,  Born  at 
Coteau-du-Lac,  Que.,  July  1st,  1903;  Educ,  B.A.Sc,  C.E.,  Ecole  Polytechnique, 
Montreal,  1926;  Summers:  1921-22-23,  rodman,  Quebec  Streams  Commission.  1924- 
25,  topog'l.  survey,  plane  table;  1926  to  date,  with  J.  M.  Eugene  Guay  Inc.,  Consltg. 
Engrs.,  Montreal,  at  present,  chief  engr.  in  charge  of  office.     (St.  1925.) 

References:  S.  J.  Fortin,  A.  Frigon,  O.  O.  Lefebvre,  A.  Mailhiot,  B.  W.  Waugh. 

LEWIS— EDMUND  KEITH,  of  32  Tulip  St.,  Dartmouth,  N.S.,  Born  at  Bel- 
mont, N.S.,  April  3rd,  1907;  Educ,  B.Sc,  N.S.  Tech.  Coll.,  1930;  1927-28  (4  mos.  each), 
rodman  and  instr'man..  Topog'l.  Survey  of  Canada;  1929  (4  mos.),  asst.  engr..  Nova 
Scotia  Fuel  Board,  Halifax,  N.S.;  1930-32,  mech.  asst.,  engr.  dept.,  Aluminum  Co.  of 
Canada.  Arvida.  Que.;  193.3  34.  meterman.  and  from  June  1934  to  date,  in  charge  of 
meter  dept.,  Imperial  Oil  Refineries,  Ltd.,  Dartmouth,  N.S.     (St.  1929.) 

References:  R.  L.  Dunsmore,  C.  Scrymgeour,  A.  W.  Whitaker,  Jr.,  M.  G.  Saunders, 
F.  R.  Faulkner,  W.  P.  Copp. 

PIDOUX— JOHN  LESLIE,  of  Calgary,  Alta.,  Born  at  Birmingham,  England, 
June  17th,  1902;  Educ,  B.Sc.  (Civil),  Univ.  of  Alta.,  1934;  1928-29  (summers),  chain- 
man  on  power  line  location,  and  rodman  and  dftsman.  on  hydro-electric  development. 
Calgary  Power  Co.;  1930  (May-Dec),  rodman  on  rid.  location  and  constrn..  Nor. 
Alta.  Rlys.;  With  the  Main  Highways  Br.,  Prov.  Dept.  of  Public  Works,  Alta..  as 
follows:  1931  (Sept. -Nov.)  instr'man..  1932  (summer),  supervising  gravel  surfacing, 
and  June  1934  to  date,  instr'man.  on  highway  location  and  constrn.     (St.  1930.) 

References:  J.  W.  S.  Chappelle,  J.  M.  Forbes,  H.  J.  McLean,  H.  R.  Webb,  R.  S.  L. 
Wilson. 

SCANLAN— JEREMIAH  JOSEPH  RENE,  of  Montreal.  Que.,  Born  at  Mont- 
real, May  24th,  1905;  Educ,  B.Sc.  (Civil),  McGill  Univ.,  1926;  1920-21  and  summer 
1922,  constrn.  clerk,  and  rodman,  Montreal  Water  Board;  1923-24  (summers),  paving 
inspr.,  Milton  Hersey  Co.;  1925  (summer),  instr'man.,  technical  service.  City  of 
Montreal;  1926-27,  stone  inspr.,  Montreal  Harbour  Bridge,  Milton  Hersey  Co.;  1927 
to  1930  with  Dominion  Bridge  Company,  struct'l.  steel  detailing,  engr.  on  erection, 
and  in  design  dept.  1930-32,  engr.  with  Gem  Stone  Co.,  and  Crepeau,  Gauvin  & 
.Scanlan.  consltg.  engrs.  (partnership);  1933.  engr.  supt.,  Franki  Compressed  Pile 
Co.;  1934  to  date,  engr.,  Milton  Hersey  Company,  Montreal.     (St.  1925.) 

References:  M.  F.  Macnaughton,  W.  Dixon,  N.  Cageorge.  R.  W.  Mitchell.  L.  H. 
Burket,  C.  G.  Porter. 
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EMPLOYMENT  SERVICE  BUREAU 

The  Service  is  operated  for  the  benefit  of  members  of  The  Engineering  Institute  of  Canada, 

and  for  industrial  and  other  organizations  employing  technically  trained  men — 

without  charge  to  either  party. 

All  correspondence  should  be  addressed  to 

The  Employment  Service  Bureau,  The  Engineering  Institute  of  Canada 

2050  Mansfield  Street,  Montreal 


Situations  Vacant 

YOUNG  ENGINEER  WITH  CAPITAL 
Contracting  engineer  will  sell  part  holdings  in  active 
company  to  young  engineering  graduate  desirous  of  learn- 
ing contracting  business.  Salary  $65  to  $75  per  month. 
Capital  needed  $7,000  minimum  to  $10,000  maximum. 
Location   eastern   Canada.     Apply   to   Box    No.    1090-V. 

DRAUGHTSM.\N,  with  pulp  or  paper  mill  experience  for 
work  in  Northern  Quebec.  Give  full  information  re- 
garding age,  education,  experience,  etc.  in  first  letter  to 
Box  No.  1092-V. 

AEROPLANE  DESIGNER.  Candidates  must  be  British 
or  Canadian  citizens.  Location  Canada.  Apply  giving 
full  details  of  experience  to  Box  No.  1096-V. 

ENGINEER,  for  aeroplane  stress  analysis.  Man  without 
experience  will  be  considered.  Candidates  must  be 
British  or  Canadian  citizens.  Location  Canada.  Apply 
giving  full  details  of  experience  to  Box  No.  1097-V. 

SALES  REPRESENTATIVE  FOR  WESTERN 

CANADA 

Internationally  known  firm  selling  steam  heating  systems 

desires  one  or  two  sales  engineers  to  represent  them  in 

the    western    provinces.       Men    already    handling    other 

mechanical  lines  preferred.    Apply  to  Box  No.  1098- V. 

Situations  Wanted 

ESTABLISHED  SALES  ENGINEER.  Univ.  of  Toronto 
'24,  with  plant  and  manufacturing  experience,  wishes  to 
represent  manufacturers  of  technical  equipment.  Con- 
nections with  automobile  and  electrical  equipment 
dealers,  throughout  Canada.  Will  make  small  invest- 
ment if  necessary.     Apply  to  Box  No.  1-W. 

MECHANICAL  ENGINEER,  Canadian,  with  technical 
training  and  executive  experience  in  both  Canadian  and 
American  industries,  particularly  plant  layout,  equip- 
ment, planning  and  production  control  methods,  is 
open  for  employment  with  company  desirous  of  improv- 
ing manufacturing  methods,  lowering  costs  and  preparing 
for  business  expansion.     Apply  to  Box  No.  35-W. 

MECHANICAL  ENGINEER,  graduate  McGill  Univ. 
Experience  on  hydro-electric  power  construction  and 
design  and  installation  of  equipment  of  pulp  and  paper 
mills.  Desires  position  as  mechanical  engineer  in  an 
industrial  plant  or  pulp  and  paper  mill,  or  as  repre- 
sentative on  the  sale  of  heavy  machinery.  Apply  to 
Box  No.  142-W. 

PURCHASING  AGENT.  Graduate  mechanical  engineer, 
Canadian,  married,  age  36,  with  fourteen  years  expe- 
rience in  industrial  field,  including  design,  construction 
and  operation,  eight  years  of  whicli  had  to  do  witii  the 
development  of  specifications  and  ordering  of  equip- 
ment and  materials  for  plant  extensions  and  main- 
tenance; one  year  engaged  on  sale  of  surplus  construction 
equipment.  Full  details  on  request.  At  present  em- 
ployed.    Apply  to  Box  No.  161-W. 

SALES  ENGINEER,  s.e.i.c;  b.sc.  c.e.,  1930  (Univ. 
New  Bruns.),  p.e.n.b.  Age  28.  Experience  includes 
building  inspection,  structural  detailing,  road  construc- 
tion, and  chemical  operation.  Interested  in  sales  work 
on  the  sales  staff  of  some  manufacturing  or  wholesale 
concern.     Apply  to  Box  No.  225-W. 

REINFORCED  CONCRETE  ENGINEER,  b.sc,  p.e.q., 
eight  years  experience  in  construction  design  of  industrial 
buildings,  ofiice  buildings,  apartment  houses,  etc.  Age 
30.     Married.     Apply  to  Box  No.  257-W. 

DESIGNING  DRAUGHTSMAN,  experience  in  layout 
of  steam  power  house  equipment  and  piping.  Wide 
experience  in  mechanical  drive  and  details  of  machinery, 
gearing,  and  hoists.  Accustomed  to  layout  of  small  mill 
buildings  of  steel  and  timber,  structural  design  and 
details.  Good  references.  Present  location  Montreal. 
Apply  to  Box  No.  329-W. 

ELECTRICAL  ENGINEER,  b.sc,  a.m.b.i.c,  Am.A.i.E.E., 
age  30,  single.  Eight  years  experience  H.E.  and  steam 
power  plants,  substations,  etc.,  shop  layouts,  steel  and 
concrete  design.  Location  immaterial.  Available  im- 
mediately.    Apply  to  Box  No.  435-W. 

CIVIL  ENGINEER,  b.a.sc.  and  c.e.;  a.m.e.i.c,  jun. 
A.8.C.E.,  age  32,  married.  Experience  over  twelve  years 
as  assistant  and  resident  engineer  on  the  construction  of 
hydro-electric,  railway,  and  aerodrome  works.  Also 
office  and  teaching  work  on  hydraulic  designs  and 
investigations,  reinforced  concrete,  bridge  foundations 
and  caissons.  Location  immaterial.  Available  at  once. 
Apply  to  Box  No.  447-W. 

SALES  ENGINEER,  m.a.sc.  Univ.  of  Toronto,  wishes  to 
represent  firm  selling  building  products  or  other  engineer- 
ing commodities,  as  their  representative  in  Western 
Canada.  Located  in  Winnipeg.  Apply  to  Box  No. 
467-W. 


Situations  Wanted 

MECHANICAL  ENGINEER,  b.sc.  Age  31.  Married. 
Last  ten  years  includes: — Mechanical  structural  and 
reinforced  concrete  design  in  pulp  and  paper  mills, 
industrial  plants,  hydro-electric,  mine,  sewers  and 
sewage  disposal  plant  construction.  My  experience  also 
includes  shop  production,  steam  plant  combustion,  fuel 
analysing,  inspecting,  supervising  and  instrument  work 
on  industrial  construction.  Permanent  position  pre- 
ferred.    Apply  to  Box  No.  521-W. 

CIVIL  ENGINEER,  Canadian,  married,  twenty-five 
years  technical  and  executive  experience,  specialized 
knowledge  of  industrial  housing  problems  and  the 
administration  of  industrial  towns,  also  town  planning 
and  municipal  engineering,  desires  new  connection. 
Available  on  reasonable  notice.  Personal  interview 
sought.     Apply  to  Box  No.  544-W. 


ELECTRICAL  AND  MECHANICAL  ENGINEER, 
B.sc,  A.M.E.I.C.  Experience  includes  C.G.E.  Students' 
Test  Course  and  six  years  in  engineering  dept.  of  same 
company  on  design  of  electrical  equipment.  Four 
summers  as  instrumentman  on  surveying  and  highway 
construction.  Several  years  experience  in  accounting 
previous  to  attending  university.  Desires  position  with 
industrial  concern  where  the  combination  of  technical 
and  business  experience  will  be  of  value.  Apply  to 
Box  No.  564-W. 


Employment  Questionnaire 

In  December  an  employment  questionnaire  was 
sent  to  some  two  hundred  members  of  The  Institute 
registered  with  the  Employment  Service  Bureau  as 
unemployed  and  from  whom  we  had  not  been  in 
communication  for  some  months. 

On  December  31st  replies  had  been  received  from 
just  over  50  per  cent  of  those  written  to  with  the 
following  result: 

40  per  cent  are  still  unemployed. 

40  per  cent  are  temporarily  employed  but  wish  to 
be  retained  on  our  list  of  those  available. 

20  per  cent  advise  that  they  have  secured  per- 
manent positions. 

This  is  in  addition  to  the  number  already  placed 
through  the  Employment  Service  Bureau  and,  we 
believe,  makes  the  outlook  for  1935  distinctly  en- 
couraging. 

It  would  be  appreciated  if  those  who  have  not 
yet  returned  this  questionnaire  would  do  so  at 
their  earliest  convenience  in  order  that  complete 
information  may  be  available  for  the  Annual 
Meeting  of  The  Institute. 


MECHANICAL  ENGINEER,  a.m.e.i.c.  Experienced 
on  plant  maintenance,  steel  plant,  cement  plant  and 
mining  plants.  Available  on  short  notice.  Apply  to 
Box  No.  571-W. 


DOMINION  LAND  SURVEYOR,  and  graduate  engineer 
with  extensive  experience  on  legal,  topographic  and 
plane-table  surveys  and  field  and  office  use  of  aero- 
photographs,  desires  employment  either  in  Canada  or 
abroad.    Available  at  once.    Apply  to  Box  No.  589-W. 


CHEMICAL  ENGINEER,  s.e.i.c,  b.sc,  University  of 
Alberta,  '30.  Age  31.  Single.  Six  seasons  practical 
laboratory  experience,  three  as  chief  chemist  and  tliree 
as  assistant  chemist  in  cement  plant;  one  year's  p.g. 
work  in  physical  chemistry;  three  years  experience 
teaching.  Desires  position  in  any  industry  with  chemical 
control.  Available  immediately.  Apply  to  Box.  No. 
609-W. 


DESIGNING  ENGINEER  AND  ESTIMATOR,  grad. 
Univ.  of  Toronto  in  C.E.,  a.m.e.i.c,  twenty  years 
experience  in  structural  steel,  construction  and  munic- 
ipal work.  Available  at  once.  Apply  to  Box  No. 
613-W. 


CIVIL  ENGINEER,  a.m.e.i.c,  r.p.e.,  Ontario;  three 
years  construction  engineer  on  industrial  plants;  fourteen 
years  in  charge  of  construction  of  hydraulic  power 
developments,  tower  lines,  sub-stations,  etc.;  four 
years  as  executive  in  charge  of  construction  and  develop- 
ment of  harbours,  including  railways,  docks,  warehouses, 
hydraulic  dredging,  land  reclamation,  etc.  Apply  to 
Box  No.  647-W. 


Situations  Wanted 

ELECTRICAL  ENGINEER,  b.sc.  in  E.E.  (Univ.  ol 
Man.,  '30).  Age  25.  Two  year  Can.  Westinghouso 
Apprentice  Course.  Depts. — Switchboard  assembly, 
general  draughting  office,  switchboard  engineering, 
test  office.  One  year's  experience  since  then  designing 
and  rewinding  small  motors  and  transformers.  Loca- 
tion immaterial.     Apply  to  Box.  No.  651-W. 

ELECTRICAL  ENGINEER,  Univ.  Gra<l.  1928.  Two 
years  Students'  apprenticeship  at  Can.  Westinghouse 
Co.,  including  test  and  electrical  machine  design.  Also 
about  two  years  experience  in  operating  dept.  of  large 
ele<'trical  power  organization.  Available  on  short 
notice.    Apply  to  Box  No.  660  W. 

ELECTRICAL  AND  RADIO  ENGINEER,  b.sc  '30 
Variously  engaged  on  receiver  development  work,  test- 
ing, and  transformer  development,  under  direction. 
More  recent  experience  includes  transmitter  test  room 
procedure  and  short  wave  beam  transmission  engineer 
ing.    For  further  information  apply  to  Box  No.  680-W. 

DIESEL  ENGINEER.  Erection  and  industrial  engineer, 
A.M.E.I.C,  technically  trained  mechanical  engineer 
with  English  and  Canadian  experience  in  erection  and 
operation  of  steam  and  Diesel  equipment  in  power 
house  and  mines,  pumping,  rock  drilling,  air  com- 
pressors. Experienced  in  industrial  and  steel  works 
operations  including  rolling  mills,  quarries,  sales  Open 
for  position  on  maintenance,  operation  or  sales  engineer. 
Location  immaterial.     Apply  to  Box   No.  682-W. 

MECHANICAL  AND  STRUCTURAL  ENGINEER. 
Six  years  experience  with  prominent  manufacturer, 
designing,  heating  and  power  boilers,  boiler  installations, 
coal  and  ash  handling  equipment.  Good  practical  knowl- 
edge of  steel  plate  work  welding.  Also  wide  experience 
in  designing,  estimating  and  detailing  structural  steel 
for  buildings  and  bridges.  Good  education.  Have  held 
position  of  responsibility.  Above  can  be  verified  by 
best  of  references.  Available  at  once.  Apply  to  Box 
No.  692-W. 

ELECTRICAL  AND  CIVIL  ENGINEER,  b.sc,  Elec, 
'29,  b.sc.  Civil  '33.  Age  27.  jr.E.i.c  Undergraduate 
experience  in  surveying  and  concrete  foundations;  also 
four  months  with  Canadian  General  Electric  Co.  Thirty- 
three  months  in  engineering  office  of  a  large  electrical 
manufacturing  company  since  graduation.  Good 
experience  in  layouts,  switching  diagrams,  specifica- 
tions and  pricing.  Best  of  references.  Available  im- 
mediately.    Apply  to  Box  No.  693-W. 

MECHANICAL  ENGINEER,  b.sc,  '27,  jr.E.i.c  Four 
years  maintenance  of  high  speed  Diesel  engines  units, 
200  to  1,300  h.p.  Also  maintenance  of  D.C  and  A.C. 
electrical  systems  and  machinery.  Draughting  expe- 
rience. Westinghouse  app-enticeship  course.  Practical 
mechanical  and  electrical  engineer  with  a  special  study 
of  high  speed  Diesel  engine  design,  application  and 
operation.  Location  in  western  or  eastern  Canada 
immaterial.     Apply  to  Box  No.  703-W. 

COMBUSTION  ENGINEER,  r.p.e.,  Manitoba. 
A.M.E.I.C  Wide  experience  with  all  classes  of  fuels. 
Expert  designer  and  draughtsman  on  modern  steam 
power  plants.  Experienced  in  publicity  work.  Well 
known  throughout  the  west.  Location,  Winnipeg  or 
the  west.   Available  at  once.   Apply  to  Box  No.  713-W. 

ELECTRICAL  ENGINEER,  b.sc,  University  of  N.B., 
'31.  Experience  includes  three  months  field  work  with 
Saint  .John  Harbour  Reconstruction.  Apply  to  Box  No. 
722- W. 

MECHANICAL  ENGINEER,  age  41,  married  Eleven 
years  designing  experience  with  project  of  outstanding 
magnitude.  Machinery  layouts,  checking,  estimating 
and  inspecting.  Twelve  years  previous  engineering, 
including  draughting,  machine  shop  and  two  years 
chemical  laboratory.  Highest  references.  Apply  to 
Box  No.  723-W. 

CIVIL  ENGINEER,  b.sc  (Alta.  '31),  s.e.i.c  Experience 
includes  three  seasons  in  charge  of  survey  party.  Tran- 
sitman  on  railway  maintenance,  and  concrete  bridge 
designing.  Nature  of  work  and  location  immaterial. 
Apply  to  Box  No.  724-W. 

YOUNG  CIVIL  ENGINEER,  b.sc  (Univ.  of  N  B.  '31), 
with  experience  as  rodman  and  checker  on  railroad 
construction,  is  open  for  a  position.  Apply  to  Box  No. 
728-W. 

DESIGNING  ENGINEER,  m.sc  (McGill  Univ.),  d  l.s  . 
a.m.e.i.c,  p.e.q.  Experience  in  design  and  construction 
of  water  power  plants,  transmission  lines,  field  in- 
vestigations of  storage,  hydraulic  calculations  and 
reports.  Also  paper  mill  construction,  railways,  high- 
ways, and  in  design  and  construction  of  bridges  and 
buildings.  Available  at  once.  Apply  to  Box.  Mn 
7a9-W. 

MECHANICAL  ENGINEER,  s.e.i.c,  b.a.sc,  Univ. 
of  B.C.  '30.  Single,  age  24.  Sixteen  months  with  the 
Allis-Chalmers  Mfg.  Co.  as  student  engineer.  Ex- 
perience includes  foundry  production,  erection  and 
operation  of  steam  turbines,  erection  of  hydraulic  ma- 
chinery, and  testing  texropes  and  centrifugal  pumps. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  735-W. 
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Situations  Wanted 

RADIO  AND  ELECTRICAL  ENGINEER,  b.sc.  '31, 
e.E.i.c.  Age  27.  Experience  in  installation  of  power 
and  lighting  equipment.  Temporary  operator  in  radio 
station;  studio  experience  with  part  time  announcing. 
Two  summers  in  switchboard  and  installation  depart- 
ment of  telephone  company,  eight  months  on  extensive 
survey  layouts.  Interested  in  sales  work  of  electrical 
or  radio  equipment.  Available  on  short  notice.  Location 
immaterial.     Apply  to  Box  No.  740-W. 

CIVIL  ENGINEER,  b.sc  '29,  a.m.e.i.c.  Married.  One 
year  building  construction.  One  year  hydro-electric 
construction  in  South  America,  eighteen  months  resident 
engineer  on  highway  construction,  one  year  on  harbour 
design  and  construction.  Working  knowledge  of 
Spanish.     Apply  to  Box  No.  744-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc  Queen's  Univ.  '29. 
Age  25.  Married.  Three  years  experience  as  con- 
struction supt.  and  estimator  for  contracting  firm. 
Experience  includes  general  building,  bridges,  sewer 
work,  concrete,  boiler  settings,  sand  blasting  of  bridges 
and  spray  painting.  Available  at  once.  Apply  to  Box 
No.  776-W. 

CIVIL  ENGINEER,  b.sc,  '25,  jr.E.i.c,  p.e.q.,  married. 
Desires  position,  preferably  with  construction  firm. 
Experience  includes  railway,  monument  and  mill 
building  construction.  Available  immediately.  Apply 
to  Box  No.  780-W. 

DRAUGHTSMAN,  experience  in  civil  engineering, 
forestry  engineering,  land  surveying  and  house  con- 
struction.   Good  references.    Apply  to  Box  No.  781-W. 

ELECTRICAL  AND  SALES  ENGINEER,  s.e.i.c,  grad. 
'28.  Experience  includes  one  year  test  course,  one  year 
switchboard  design  and  two  years  switchboard  and 
switching  equipment  sales  with  large  electrical  manufac- 
turing company.  Three  summers  Pilot  Officer  with 
R.C.A.F.    Available  at  once.    Apply  to  Box  No.  788-W. 

ELECTRICAL  ENGINEER  desires  position  as  engineer 
or  manager  for  industrial  plant  or  factory.  Oyer  ten 
years  diversified  electrical  and  mechanical  experience  in 
the  industrial  field.    Apply  to  Box  No.  795-W. 

CIVIL  ENGINEER,  s.e.i.c.  graduate  '30,  age  23,  single. 
Experience  includes  mining  surveys,  assistant  on  high- 
way location  and  construction,  and  assistant  on  large 
construction  work.  Steel  and  concrete  layout  and 
design.     Apply  to  Box  No.  809-W. 

CIVIL  ENGINEER,  college  graduate,  age  27,  single. 
Experience  includes  surveying,  draughting,  concrete 
construction  and  design,  street  paving  both  asphalt 
and  concrete.  Available  at  once;  will  consider  any- 
thing and  go  anywhere.     Apply  to  Box  No.  816-W. 

CIVIL  ENGINEER,  be.  (Sask.  Univ.  '32),  s.e.i.c 
Single.  Experience  in  city  street  improvement;  sewer 
and  water  extensions.  Good  draughtsman.  References. 
Available  at  once.  Location  immatenal.  Apply  to  Box 
No.  818-W. 

CIVIL  ENGINEER,  b.sc,  a.m.e.i.c,  with  fifteen  years 
experience  mostly  in  pulp  and  paper  millwork,  reinforced 
concrete  and  structural  steel  design,  field  surveys,  layout 
of  mechanical  equipment,  piping.  Available  at  once. 
Apply  to  Box  No.  825-W. 

CIVIL  ENGINEER,  b.a.sc,  d.l.b.,  o.l.s.,  a.m.e.i.c, 
age  46,  married.  Twelve  years  experience  in  charge  of 
legal  field  surveys.  Owns  own  surveying  equipment. 
Eight  years  on  technical,  administrative,  and  editorial 
office  work.  Experienced  in  writing.  Desires  position 
on  survey  work,  assisting  in  or  in  charge  of  preparation 
of  house  organ,  on  staff  of  technical  or  semi-technical 
magazine,  or  on  publicity,  editorial  or  administrative 
office  work.  Available  at  once.  Wil  1  consider  any  salary, 
and  any  location.     Apply  to  Box  No.  831-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc  *32  (Univ.  of  N.B.). 
Age  25.  Married.  Two  years  experience  in  power  line 
construction  and  maintenance;  one  year  of  highway 
construction;  one  summer  surveying  for  power  plant 
site,  location  and  spur  railway  line  construction.  Avail- 
able at  once.  Location  immaterial.  Apply  to  Box 
No.  840-W. 

CIVIL  ENGINEER,  bbc  '15,  a.m.e.i.c,  married,  exten- 
sive experience  in  responsible  position  on  railway  con- 
struction, also  highways,  bridges  and  water  supplies. 
Position  desired  as  engineer  or  superintendent.  Avail- 
able at  once.     Apply  to  Box  No.  841-W. 

CIVIL  ENGINEER,  b.sc  (Alta.  '31),  s.e.i.c,  age  24. 
Experience,  three  summers  on  railroad  maintenance, 
and  seven  months  on  highway  location  as  instrument- 
man.  Willing  to  do  anything,  anywhere,  but  would 
prefer  connection  with  designing  or  construction  firm 
on  structural  works.  Available  immediately.  Apply  to 
Box  No.  846-W. 

BRIDGE  AND  STRUCTURAL  ENGINEER,  a.m.e.i.c, 
McGill.  Twenty-five  years  experience  on  bridge  and 
structural  staffs.  Until  recently  employed.  Familiar 
with  all  late  designs,  construction,  and  practices  in  all 
Canadian  fabricating  plants.  Desirous  of  employment 
in  any  responsible  position,  sales,  fabrication  or  con- 
struction.   Apply  to  Box  No.  S51-W. 


Situations  Wanted 

STRUCTURAL  ENGINEER,  b.a.sc,  a.m.e.i.c.  Twenty- 
two  years  experience  in  design  of  bridges  and  all  types 
of  buildings  in  structural  steel  and  reinforced  concrete. 
Three  years  experience  in  railway  construction  and 
land  surveying.     Apply  to  Box  No.  856-W. 

MECHANICAL  ENGINEER,  b.sc  '32,  s.e.i.c  Good 
draughtsman.  Undergraduate  experience: — One  year 
moulding  shop  practice;  two  years  pipe  fitting  and  sheet 
metal  work;  one  year  draughting  and  tracing  on  paper 
mill  layout;  six  months  machine  shop  practice;  and 
eight  months  fuel  investigation  and  power  heating 
plant  testing.  Desires  position  offering  experience  in 
steam  power  plants  or  heating  and  ventilating  design. 
Will  go  anywhere.     Apply  to  Box  No.  858-W. 

MECHANICAL  ENGINEER,  age  31,  graduate  Sheffield 
(England)  1921;  apprenticeship  with  firm  manufacturing 
steam  turbine  generators  and  auxiliaries  and  subsequent 
experience  in  design,  erection,  operation  and  inspection 
of  same.  Marine  experience  b.o.t.  certificate  thoroughly 
conversant  with  Canadian  plants  and  equipment.  Avail- 
able on  short  notice.    Any  location.    Box  No.  860-W. 

CHEMICAL  ENGINEER,  b.sc  (McGill  '21),  a.m.e.i.c, 
age  36.  married;  three  years  since  graduation  with  pulp 
and  paper  mills;  eight  years  in  shops,  estimating  and 
sales  divisions  of  well-known  gas  engineering  and  con- 
struction companies  in  the  United  States.  Excellent 
references.  Available  on  short  notice.  Apply  to  Box 
No.  866-W. 

CONSTRUCTION  ENGINEER  (Toronto  Univ.  of  '07). 
Experience  includes  hydro-electric,  municipal  and  rail- 
road work.  Available  immediately.  Location  imma- 
terial.    Apply  to  Box.  No.  886-W. 

ELECTRICAL  ENGINEER,  graduate  1929.  s.e.i  c. 
Single.  Experience  includes  two  years  with  electrical 
manufacturing  concern  and  one  on  highway  construction 
work.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  887-W. 

AGENCIES  WANTED.  Young  engineer,  b.a.sc  in  CE.. 
with  business  and  sales  experience,  speaking  fluent 
French,  would  consider  representing  a  firm  as  agent 
for  Montreal  or  the  province  of  Quebec.  Apply  to  Box 
No.  891-W. 

ELECTRICAL  ENGINEER,  grad.  Univ.  of  N.B.  '31. 
Experienced  in  surveying  and  draughting,  requires 
position.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  893-W. 

CIVIL  ENGINEER,  b.a.sc,  jr.E.i.c,  age  29,  single. 
Experience  includes  two  years  in  pulp  mill  as  draughts- 
man and  designer  on  additions,  maintenance  and  plant 
layout.  Three  and  a  half  years  in  the  Toronto  Buildings 
Department  checking  steel,  reinforced  concrete,  and 
architectural  plans.  Available  at  once.  Location  im- 
material. At  present  in  Toronto.  Apply  to  Box  No. 
899-W. 

DESIGNING  ENGINEER,  a.m.e.i.c  Permanent  and 
executive  position  preferred  but  not  essential.  Fifteen 
years  experience  in  designing  power  plants,  engine 
and  fan  rooms,  kitchens  and  laundries.  Thoroughly 
familiar  with  plumbing  and  ventilating  work,  pneu- 
matic tubes,  and  refrigeration,  also  heating,  electrical 
work,  and  specifications.    Apply  to  Box  No.  913-W. 

CIVIL  ENGINEER,  b.sc.  o.p.e.  Experience  includes 
several  years  on  municipal  work-design  and  construction 
of  sewers,  steel  and  concrete  bridges,  watermains  and 
pavements.  Available  at  once.  Apply  to  Box  No. 
950-W. 

CIVIL  ENGINEER,  b.sc  (Univ.  of  Sask.  '33),  s.e.i.c, 
age  28,  single.  Experience  in  testing  hydro-electric 
equipment,  draughting,  surveying,  city  street  improve- 
ments, technical  photography.  Available  at  once.  Lo- 
cation immaterial.     Apply  to  Box  No.  986-W. 

ELECTRICAL  ENGINEER,  s.e.i.c,  b.sc,  (N.S.  Tech. 
Coll.,  '33).  desires  work.  Experience  in  transmission  line 
construction.  Location  or  class  of  work  immaterial. 
Apply  to  Box  No.  1010-W. 

ENGINEER  SUPERINTENDENT,  age  44.  Engineering 
and  business  training,  executive  ability,  tactful,  ener- 
getic. Had  charge  of  several  large  projects.  Intimate 
knowledge  of  costs  and  prices,  reports  and  estimates. 
Available  immediately.  Any  location.  Apply  to  Box 
No.  1021-W. 

CIVIL  ENGINEER,  b.sc  (Queen's.  '14),  a.m.e.i.c.  Do- 
minion Land  Surveyor,  5  months  special  course  at  the 
University  of  London,  England,  in  municipal  hygiene 
and  reinforced  concrete  construction.  Experience 
covers  legal  and  topographic  surveys,  plane  tabling  and 
stadia  surveying,  railway  and  highway  construction, 
drainage  and  excavation  work.  Available  at  once. 
Apply  to  Box  No.  1035-W. 

ELECTRICAL  ENGINEER  AND  GEOPHYSICIST. 
Age  36.  Married.  Seven  years  experience  in  geophysi- 
cal exploration  using  seismic,  magnetic  and  electrical 
methods.  Two  years  experience  with  the  Western 
Electric  Company  of  Chicago,  working  on  equipment 
and  magnetic  materials  research.  Experienced  in  radio 
and  telephone  work,  also  specializing  in  precise  electrical 
measurements,  resistance  determinations,  ground  po- 
tentials and  similar  problems  of  ground  current  dis- 
tribution.    Apply  to  Box  No.  1063-W. 


Situations  Wanted 

ELECTRICAL  ENGINEER,  b.a.sc  Univ.  Toronto  '28. 
Experience  includes  Can.  Gen.  Elec.  Co.  'Test  Course. 
Also  more  than  two  years  in  the  engineering  dept.  of 
the  same  company.  Available  on  short  notice.  Pre- 
ferred location  central  or  eastern  Canada.  Apply  to 
Box  No.  1075-W. 

ELECTRICAL  ENGINEER,  b.sc  Married.  Eight 
years  electrical  experience,  including  operation,  main- 
tenance and  construction  work,  electrical  design  work 
on  large  power  development,  mechanical  ability,  ex- 
perienced photographer,  employed  in  electrical  capacity 
at  present.  Available  on  reasonable  notice.  Apply  to 
Box  No.  1076-W. 

GRADUATE  IN  MECHANICAL  ENGINEERING, 
1927,  desires  opportunity  in  Diesel  engine  field,  pre- 
ferably in  design  and  development  work.  Skilled 
draughtsman  and  clever  in  design.  Familiar  with  basic 
theories  of  the  Diesel  engine  and  in  touch  with  recent 
developments  and  applications.  Anxious  to  obtain  a 
foothold  with  up-to-date  company.  No  objection  to 
shopwork  or  other  duties  as  a  start  but  would  prefer 
shopwork  and  assembly  if  possible.  Apply  to  Box  No. 
1081-W. 

CIVIL  ENGINEER,  b.sc,  Sask.  '30.  s.e.i.c  Age  24 
years.  Experience  in  municipal  engineering,  including 
sewer  and  water  construction,  sidewalk  construction, 
paving,  storm  sewer  design,  draughting,  precise  levelling, 
and  reinforced  concrete  bridge  construction.  Unmar- 
ried. Available  at  once.  Will  go  anywhere  Apply  to 
Box  No.  1115-W. 

ELECTRICAL  ENGINEER,  b.sc.e.e.  (Univ.  of  N.B. 
'31).  C.G.E.  Test  Course  included  industrial  control, 
induction  motors  and  transformers;  the  transformer 
test  included  desk  work  for  two  months  on  computing 
losses,  efficiencies,  etc.  Available  at  once.  Apply  to 
Box  No.  1119-W. 

GEODETIC  AND  TOPOGRAPHICAL  ENGINEER, 
D.L.8.,  M.E.I. c  Experience  in  all  kinds  of  geodetic  and 
topographical  surveys,  especially  photo-topography, 
well  versed  in  all  kinds  of  air  photo  surveys;  Canadian 
and  U.S.  patent  method  of  determining  position  and 
elevations  of  points  from  air  photographs.  Available 
at  once  anywhere  in  Canada  or  the  United  States. 
Apply  to  Box.  No.  1127-W. 

PETROLEUM  CHEMIST,  b.sc  in  Chem.  Eng.  Age  25. 
Single.  One  and  a  half  years  experience  as  assistant 
chemist.  Capable  of  taking  charge  in  small  refinery. 
Wishes  position  anywhere  in  Canada.  Apply  to  Box 
No.  1130-W. 

ELECTRICAL  ENGINEER,  b.sc,  Queen's  '33.  Single, 
age  23.  Anxious  to  gain  experience.  Present  ex- 
perience installing  small  private  hydro-electric  plant. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  1137-W. 

CIVIL  ENGINEER,  a.m.e.i.c,  with  over  twenty  years 
experience  in  field  and  office  on  construction,  main- 
tenance, surveying,  location,  etc.,  desires  position  pre- 
ferably of  a  permanent  nature.  At  present  near  Mont- 
real, but  willing  to  locate  anywhere.  Apply  to  Box 
No.  1168-W. 

CIVIL  ENGINEER,  b.a.sc,  s.e.i.c,  age  26,  single 
Experience  includes  one  year  in  bridge  construction, 
plain  and  reinforced  concrete,  pneumatic  caissons  and 
surveying.  Available  at  once.  Any  location.  Apply  to 
Box  No.  1204-W. 

PHYSICIST  ENGINEER,  B.Sc.Mech.  (Queen's  1913), 
M.Sc,  Ph.D.Physics  (McGill  1929,  '30).  Experience  in 
municipal  engineering,  producer  gas  installation  and 
operation,  university  plant  maintenance.  Experienced 
teacher  of  college  physics.  Industrial  and  pure  physical 
research  experience.  Age  42.  Married.  Apply  to  Box 
No.  1207-W. 

MECHANICAL  ENGINEER,  b.sc  (Queen's  Univ.  '28), 
age  36,  married,  desires  position  of  trust  and  responsi- 
bility. Experience  includes  fitting  and  assembly  of 
machine  tools,  production,  draughting,  and  maintenance. 
Five  years  teaching  draughting  and  mathematics.  Avail- 
able on  reasonable  notice.  Location  immaterial.  Apply 
to  Box  No.  1210-W. 

CIVIL  ENGINEER,  b.a.,  b.a.sc,  s.e.i.c,  Canadian,  age 
27,  single.  Experience  includes  eighteen  months  in 
general  building  construction.  Write  and  speak  both 
French  and  English  fluently.  Available  at  once  for  any 
suitable  position  in  general  engineering.  Apply  to  Box 
No.  1211  W. 

COMBUSTION  ENGINEER,  a.m.e.i.c,  with  extensive 
experience  in  all  phases  of  combustion  engineering, 
including  plant  layout,  piping,  etc  Lately  connected 
with  prominent  firm  of  automatic  oil  burner  manufac- 
turers.   Apply  to  Box  No.  1224-W. 

MECHANICAL  ENGINEER,  b.sc.  McGill.  Experienced 
as  supt.  of  plant  manufacturing  home  appliances — 
purchasing  of  supplies  and  equipment  of  technical 
nature.  Plant  engineer  of  works  for  manufacture  of 
railway  equipment  and  of  copper  and  brass  rolling  mill 
and  seamless  brass  and  copper  tube  mill  and  brass  car- 
tridge cases.  Designing  engineer  on  special  machinery, 
maintenance  engineer,  plant  layouts.  Apply  to  Box 
No.  1241-W. 
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The  Toronto  Waterworks  Extensions 

A  General  Description  of  the  Scheme  with  Details  of  Some  Outstanding  Features 

William  Storrie,  M.E.I.C, 
Gore,  Nasmith  and  Storrie,  Toronto,  Ontario. 

Paper  to  be  presented  at  the  General  Professional  Meeting  of  The  Engineering  Institute  of  Canada,  Toronto,  Ont., 

February  7th  and  8th,  1935. 

SUMMARY. — In  1926  the  city  of  Toronto  commenced  extensions  to  its  water  system  which  were  estimated  to  cost  $14,500,000.  These  are  described 
In  the  paper  and  include  a  new  intake  in  Lake  Ontario,  7,500  feet  of  intake  tunnel,  a  water  purification  plant  to  deal  with  100,000,000  gallons  per  day,  and 
capable  of  extension,  one  low  lift  and  two  high  lift  pumping  stations,  49,000  feet  of  filtered  water  tunnel,  a  50,000,000-gallon  covered  reinforced  concrete 
reservoir,  together  with  the  necessary  additional  mains,  elevated  storage  tanks  etc.,  to  connect  the  supply  to  the  five  water  districts  of  the  city  which  have 
an  area  of  a^ut  46  square  miles. 


The  purpose  of  this  paper  is  to  describe  in  a  general 
way  the  main  features  of  the  extensions  to  the  Toronto 
waterworks  system  now  under  construction  and  to  give  a 
more  detailed  description  of  a  few  of  the  somewhat  unusual 
features  embodied  therein.  The  scope  of  the  work  covers 
too  wide  a  field  to  attempt  to  adequately  describe  in  detail 
all  the  varied  phases  of  the  scheme. 

The  extensions  were  decided  upon  after  reports  had 
been  submitted  by  a  Board  of  Engineers  in  1912,  by  Com- 
missioner of  Works  R.  C.  Harris  in  1913  and  by  the  late 
William  Gore,  m.e.i.c,  and  Mr.  H.  G.  Acres,  m.e.i.c,  in 
1926.  This  latter  report  confirmed  the  recommendation 
made  by  Mr.  Harris  that  the  site  for  the  main  works  known 
as  Victoria  Park  should  be  adopted.  This  scheme  was 
ultimately  passed  by  a  vote  of  the  ratepayers  and  the 
work  ordered  to  be  proceeded  with  at  an  estimated  cost 
of  $14,317,000. 

In  coming  to  a  decision  as  to  the  necessity  for  increasing 
the  water  supply  facilities  the  following  conclusions  were 
arrived  at  as  a  result  of  an  extensive  study  of  the  then 
existing  conditions: — 

(1)  That  the  demand  rate  had  reached  a  point  which 
taxed  the  capacity  of  the  system  beyond  the  limit 
of  safe  operation. 

(2)  That  an  extension  to  the  existing  system  had 
become  absolutely  necessary  in  the  public  interest. 

(3)  That  Lake  Ontario  constituted  the  best  available 
water  supply  for  the  extension  scheme. 

(4)  That  the  intake  works  for  this  extension  must  not 
be  constructed  in  the  neighbourhood  of  the  exist- 
ing intakes  south  of  Centre  Island. 

(5)  That  of  all  possible  intake  locations  that  at 
Victoria  Park  was  the  most  suitable  under  all 
conditions. 

Having  fixed  on  Victoria  Park  as  the  proper  location 
for  a  raw  water  intake  the  other  main  features  of  the  scheme 


were  developed  so  that  the  system  now  under  construction 
consists  essentially  of  the  following: — 


(a) 


(fe) 


(c) 


id) 


(e) 


(/) 


At  Victoria  Park  an  intake  tunnel  ten  feet  in 
diameter,  constructed  in  shale,  and  extending  from 
the  shore  out  underneath  the  lake  bottom  a 
distance  of  3,300  feet,  into  thirty  feet  depth  of 
water,  and  terminating  in  a  submerged  tunnel 
shaft.  This  tunnel  has  a  maximum  capacity  of 
300,000,000  gallons!  per  day. 
From  the  end  of  the  tunnel  shaft  provision  has 
been  made  for  the  laying  of  three  concrete  lined 
steel  intake  pipes,  only  one  of  which  has  been 
laid,  this  being  eight  feet  in  diameter,  4,172  feet 
in  length,  and  terminating  in  fifty  feet  depth  of 
water.  The  eight  foot  pipe  installed  has  a 
capacity  of  125,000,000  gallons  per  day.  The 
other  two  pipes  will  be  laid  as  and  when  the 
demand  arises. 

At  Victoria  Park  a  low  lift  pumping  station, 
coagulating  basins,  filters,  reservoir,  general  offices 
and  laboratory,  with  provision  for  treating  initially 
100,000,000  gallons  of  water  per  day,  and  so  laid 
out  as  to  permit  of  this  capacity  being  at  least 
doubled  in  the  future. 

At  Victoria  Park  a  high  lift  pumping  station  for 
supplying  all  that  area  lying  east  of  the  Don 
river. 

From  Victoria  Park  the  distribution  mains  for 
connecting  to  the  existing  mains,  and  also  addi- 
tional feeder  mains  for  supplying  the  area  lying 
east  of  the  Don  river. 

From  Victoria  Park  a  concrete  lined  filtered  water 
supply  tunnel  seven  feet  in  diameter,  and  31,087 


*  Wherever  the  word  "gallon"  is  used  in  this  paper  the  Imperial 
gallon  is  referred  to. 
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feet  in  length,  constructed  through  shale  to  the 
existing  main  pumping  station  at  John  street. 
(g)  From  John  street  station  a  concrete  lined  filtered 
water  tunnel  six  feet  in  diameter,  and  approx- 
imately 18,575  feet  in  length,  constructed  through 
shale  to  a  point  on  the  lake  shore  road  north  of 
the  Canadian  National  Railway  tracks,  and  im- 
mediately east  of  Parkside  drive. 


Fig.  1 — General  Layout  of  System. 

(h)  At  the  above  mentioned  point  a  high  lift  pump- 
ing station  for  supplying  the  western  and  north- 
western area  of  the  city,  and  to  further  serve  as 
a  connecting  link  to  the  contiguous  northern  areas 
now  served  or  to  be  served. 

(j)  From  the  above  mentioned  Parkdale  high  lift 
pumping  station  a  42-inch  diameter  distribution 
main  running  northwards  to  connect  to  the  exist- 
ing system  in  District  No.  2,  and  a  30-inch  diam- 
eter distribution  main  to  District  No.  1. 

(/c)  At  the  south-east  corner  of  St.  Clair  avenue  west 
and  Spadina  road  a  covered  reinforced  concrete 
reservoir  with  a  storage  capacity  of  50,000,000 
gallons  for  supplying  Districts  Nos.  2  and  5. 

(/)  At  the  above  site  an  ornamental  elevated  storage 
tank  with  a  capacity  of  500,000  gallons  for  supply- 
ing District  No.  3. 

(m)  The  necessary  connecting  mains  to  and  from  the 
St.  Clair  avenue-Spadina  road  reservoir  and  ele- 
vated tank. 

Existing  Supply 
The  existing  water  supply  system  of  the  city  of  Toronto 
and  district  covers  an  area  of  about  46  square  miles.  The 
area  of  supply  stretches  along  the  northern  shore  of  Lake 
Ontario,  a  distance  of  about  10  miles,  and  to  the  north  a 
distance  of  about  8  miles,  measured  from  the  existing  water 
purification  plants  on  Toronto  Island.  The  ground  surfaces 
within  the  area  of  supply  rise  more  or  less  gradually  to  the 
north  to  a  height  of  nearly  400  feet  above  the  lake  level. 
The  difficulty  of  maintaining  the  proper  pressures  in  the 
service  pipes  therefore  lies  both  in  the  loss  of  head  by 
friction  in  the  pipes  over  the  long  distances  traversed  by 
the  water  and  in  the  rising  elevations  of  the  ground  sur- 
faces, the  more  distant  areas  being  at  greater  elevations. 
To  meet  this  situation  the  water  supply  area  hitherto  has 


been  divided  into  ? even  districts  with  fairly  uniform  pres- 
sures in  each.  The  new  works  now  under  construction  are 
so  laid  out  as  to  reduce  the  number  of  districts  to  five, 
one  of  which  is  on  Toronto  Island  and  supplied  directly 
from  the  existing  water  purification  plants  there.  Figure 
1  shows  a  general  layout  of  the  completed  system. 

Districts  Nos.  1  and  2  will  be  supplied  from  the  existing 
John  street  pumping  station  and  from  the  new  pumping 
stations  at  Victoria  Park  and  Parkdale. 
Districts  Nos.  3  and  4  will  be  supplied  by 
boosting  the  pressures  from  Districts  Nos.  1 
or  2.  The  supply  in  District  No.  1  will  be 
balanced  as  at  present  by  the  existing  Rose- 
hill  service  reservoir  and  similarly  the  supply 
in  the  enlarged  District  No.  2  will  be 
balanced  by  the  St.  Clair  service  reservoir. 
A  new  overhead  ornamental  tank  will  bal- 
ance the  supply  in  District  No.  3  and  the 
existing  standpipe  in  District  No.  4  has  been 
enlarged  to  balance  the  supply  within  this 
district.  Thus  the  new  works  will  supply 
water  directly  or  indirectly  at  both  ends  and 
towards  the  middle  of  both  Districts  Nos. 
1  and  2.  The  balancing  reservoirs  are 
situated  almost  in  the  centre  of  the  districts 
to  be  supplied  in  an  easterly  and  westerly 
direction  but  outside  of  these  districts  and 
to  the  north  in  order  to  secure  higher  eleva- 
tions than  exist  within  those  districts.  A 
diagrammatic  layout  of  the  complete  system 
showing  the  elevations  of  the  various  water 
districts  will  be  found  in  Fig.  2. 

The  present  city  waterworks  system 
consists  essentially  of  two  6  feet  diameter 
submerged  intakes,  with  the  inlets  located 
— one  in  about  43  feet  and  the  other  in  about  79  feet 
depth  of  water  off  Centre  Island  and  about  2,190  feet 
and  2,383  feet  respectively  from  the  shore.  The  water  is 
pumped  from  the  intakes  to  either  the  slow  sand  or  drifting 
sand  water  purification  plants  at  Centre  Island  having  a 
total  nominal  capacity  of  100,000,000  gallons  per  day.  A 
7,000,000-gallon  clear  water  reservoir  adjacent  to  the  filters 
holds  the  filter  effluent  from  which  the  water  passes  through 
into  two  steel  pipes,  7  feet  and  6  feet  in  diameter  respective- 
ly, laid  across  the  island  to  a  tunnel  shaft  and  from  thence 
into  a  tunnel  having  a  section  equivalent  to  8  feet  4  inches 


Fig.  2 — Elevation  of  Water  Districts 

in  diameter,  which  leads  underneath  Toronto  bay  to  the 
suction  wells  at  the  foot  of  John  street  where  the  main 
pumping  station  is  located  and  the  water  is  there  pumped 
into  the  distribution  system  throughout  the  city.  The 
pumping  station  at  John  street  has  a  total  installed  pump- 
ing capacity  of  212,000,000  gallons  per  day,  of  which  102,- 
000,000  gallons  capacity  is  steam  driven,  and  110,000,000 
gallons  is  electrically  operated. 
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From  the  John  street  pumping  station  the  distribution 
system  radiates  throughout  the  city  through  eight  mains, 
seven  of  36  inches  diameter  and  one  of  30  inches  diameter. 
The  operating  pressure  on  the  pumps  is  102  pounds  per 
square  inch.  Filtered  water  storage  reservoirs  are  provided 
at  Rosehill  with  a  capacity  of  38,000,000  gallons  and  at 
St.  Clair  with  a  capacity  of  50,000,000  gallons.  The  St. 
Clair  reservoir  was  built  as  part  of  the  programme  of 
extensions  now  under  way. 

The  water  supply  is  chlorinated  at  the  island  only. 
Dechlorination  with  sulphur  dioxide  for  the  removal   of 
taste  is  carried  out  at  the  John  street  pumping  station. 
Enlargement  op  Present  System 

Fortunately  the  information  and  records  of  the  con- 
ditions existing  in  Lake  Ontario  both  as  to  foundation 
possibilities  and  the  condition  of  the  raw  lake  water  over 
a  long  period  were  available  in  greater  detail  than  is  usually 
obtainable  under  similar  circumstances.  From  the  stand- 
point of  comparative  freedom  from  physical  and  bacterial 
pollution  the  Victoria  Park  location  was  easily  the  most 
favourable  for  a  raw  water  intake.  It  is  the  nearest  available 
source  of  supply  of  suitable  and  presumably  sustained 
quality  and  from  a  topographical  and  structural  viewpoint 
equally  satisfactory  conditions  were  obtainable.  Contour 
lines  of  the  lake  bottom  were  obtained  and  a  series  of  bor- 
ings were  made.  These  borings  were  taken  as  far  out  as 
9,600  feet  from  the  shore  in  54  feet  of  water.  The  borings 
penetrated  the  overburden  and  25  to  60  feet  into  the 
underlying  shale  formation.  A  profile  of  the  lake  bottom 
at  Victoria  Park  (Fig.  3)  indicates  the  typical  relationship 
which  exists  at  that  point  between  the  surface  of  the  water, 
the  earth  overburden  and  the  surface  of  the  rock.  This 
overburden  consists  for  the  most  part  of  a  30-foot  stratum 
of  stiff  clay  with  a  minor  admixture  of  gravel  and  firm 
sand,  the  whole  constituting  an  entirely  safe  bearing 
medium  for  any  heavy  structure  which  has  its  footing 
depressed  sufficiently  to  prevent  any  possibility  of  scour. 

Intake 
The  underlying  foundation  material  in   the  lake   at 
Victoria  Park  was  such  that  at  any  distance  up  to  6,500 


feet  from  the  shore  line  the  construction  of  an  intake 
tunnel  with  a  reasonable  depth  of  shore  shaft  offered  no 
unusual  working  difficulties.  The  placing  of  the  shore 
portion  of  the  intake  in  tunnel  avoids  the  hazards  com- 
monly encountered  from  ice  accumulation  on  the  fore- 
shore, where  such  intakes  are  laid  on  or  immediately  under 
the  lake  bottom. 

The  intake  was  constructed  under  two  contracts.  A 
shaft  was  sunk  at  the  shore  line  to  a  depth  of  110  feet 
below  lake  level  and  60  feet  below  the  top  of  the  shale. 
From  this  shaft  a  tunnel  was  excavated  through  the  shale 
of  circular  section  and  10  feet  in  diameter  of  a  total  length 
of  3,300  feet.  As  soon  as  the  shale  was  excavated  the  rock 
surface  had  a  coat  of  gunite  placed  thereon  thus  forming 
an  effective  seal  which  prevented  further  spalling  of  the 
shale  and  reduced  to  a  minimum  the  seepage  of  water 
through  the  fissures  in  the  shale.  At  the  outer  end  of  the 
intake  tunnel  a  junction  shaft  was  constructed  forming  a 
connection  between  the  tunnel  at  elevation  143.27  and  a 
series  of  three  pipes,  each  8  feet  in  diameter,  placed  at 
elevation  202.00. 

The  construction  of  the  junction  shaft  was  carried  out 
by  sinking  a  steel  caisson  through  sand  and  clay  into  the 
rock  by  means  of  the  pneumatic  method.  After  the  caisson 
had  been  sealed  with  concrete  at  the  cuttmg  edge  the  air 
pressure  was  released  and  the  balance  of  the  shaft  and  the 
lower  elbow  were  excavated  through  the  rock  in  the  open 
and  the  connection  driven  through  into  the  existing  tunnel. 

The  steel  caisson  was  fabricated  and  then  assembled 
at  a  wharf  in  Toronto  bay  and  when  completed  was  placed 
in  the  water,  after  which  the  upper  section  of  the  caisson 
was  placed  on  top  of  the  lower  part  of  the  caisson.  The 
elbow  for  the  junction  shaft  was  also  formed  in  steel  and 
built  into  the  caisson,  the  entire  structure  then  being  in  a 
floating  condition.  This  steel  caisson  is  35  feet  in  diameter 
and  34  feet  high.  The  working  chamber,  which  was  com- 
pletely encased  in  steel,  had  7  feet  6  inches  of  head  room 
above  the  cutting  edge.  Two  access  working  shafts,  each 
45  inches  in  diameter,  were  constructed  from  the  working 
chamber  roof  through  the  elbow  to  the  top  of  the  caisson. 
One  shaft  was  used  for  workmen  and  the  other  for  handling 
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Fig.  3 — Profile  of  Intake  Pipes  and  Tunnel. 
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the  excavated  material  and  concrete.  Before  the  caisson 
was  towed  out  to  its  final  location  in  the  lake  115  cubic 
yards  of  concrete  were  placed  in  the  caisson,  which  filled 
the  working  chamber  walls  and  about  one  foot  thick  over 
the  roof.  With  this  concrete  in  place  the  caisson  was 
drawing  approximately  17  feet  of  water  which  just  provided 
the  necessary  stability  for  towing.  The  caisson  was  towed 
out  into  the  lake  without  any  difficulty  and  placed  in  posi- 
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Fig.  4 — Intake  Pipes  96  inches  in  diameter  ready  for  Laying. 

tion.  Some  873  cubic  yards  of  concrete  were  placed  in  the 
caisson  in  the  period  of  two  days  after  which  the  two 
working  shafts  were  extended  40  feet  and  air  locks  fitted 
to  the  top  of  each  shaft.  Under  compressed  air  the  excava- 
tion was  carried  on  night  and  day  until  the  cutting  edge 
reached  its  final  elevation  of  178.00.  Sand,  gravel,  clay 
and  gravel  with  some  boulders  and  shale  were  encountered 
in  the  excavation.  The  air  pressure  at  the  start  was  15 
and  at  the  end  28  pounds  per  square  inch.  After  the 
caisson  was  sealed  and  the  air  pressure  released  the  balance 
of  the  junction  shaft  was  carried  down  in  the  open.  All 
rock  was  broken  up  with  pneumatic  paving  breakers,  no 
explosives  being  used  at  any  time.  The  steel  bulkhead  was 
left  in  place  until  the  butterfly  valve  was  placed  in  position 
and  closed,  which  permitted  unwatering  of  the  three-way 
distributor. 

The  three-way  distributor  connects  to  the  side  of  the 
caisson  at  the  upper  elbow  having  a  finished  inside  diameter 
of  11  feet  at  this  point.  The  other  end  of  the  distributor 
branches  out  into  three  openings,  each  8  feet  in  diameter. 
Two  of  these  openings  have  been  fitted  with  watertight 
bulkheads  made  of  oak  timber  reinforced  with  steel.  These 
bulkheads  will  be  removed  when  additional  capacity  is 
required  by  laying  further  8  feet  diameter  pipes  out  into 
the  lake. 

In  the  construction  of  the  intake  pipe  proper  the 
southerly  branch  of  the  three-way  distributor  was  used. 
The  distributor  weighing  235  tons  was  constructed  on  the 
mainland  and  placed  in  position  on  top  of  a  concrete  mat, 
3  feet  thick,  resting  on  timber  piles. 

To  permit  of  the  tunnel  being  unwatered  at  any  time 
an  8-foot  diameter  butterfly  valve  is  located  between  the 
three-way  distributor  and  the  first  length  of  intake  pipe. 
The  valve  is  constructed  so  as  to  operate  by  means  of  a 
hydraulic  cylinder  mounted  on  a  cast  iron  bracket  attached 
to  the  top  of  the  valve. 

From  the  distributor  is  laid  the  intake  pipe  running 
in  a  south-easterly  direction,  consisting  of  forty-one  sec- 
tions of  pipe,  each  100  feet  long.  These  pipes  are  con- 
structed of  steel  plate  lap  welded  in  courses  approximately 
7  feet  wide.  The  end  courses  are  J^-inch  plate,  the  middle 
courses  ^-inch  plate  and  the  balance  -^^-inch  plate.     The 


two  ends  of  each  pipe  are  provided  with  a  half  band  of 
12-inch  by  ^-inch  plate  bent  out  at  right  angles  at  the 
centre  of  each  side  and  connected  to  lug  angles.  These 
horizontal  extensions  have  holes  3  inches  in  diameter.  The 
bands  are  attached  to  the  upper  half  on  one  end  and  the 
lower  half  on  the  other  end  of  the  same  pipe  thus  forming 
matching  connections  for  succeeding  lengths  of  pipe,  held 
together  by  3-inch  diameter  taper  steel  pins  in  the  3-inch 
holes  in  the  connection  lugs.  The  steel  fabricated  pipes 
were  conveyed  to  the  contractor's  yard  in  two  50-foot 
sections  and  there  electrically  welded  into  100-foot  lengths. 
After  being  placed  on  saddles  resting  on  wood  bottom  forms 
the  outside  steel  reinforcing  was  placed.  The  outside  forms 
were  then  set  and  concrete  poured  forming  a  horse-shoe 
shaped  outside  encasement.  Each  100  feet  length  of  pipe 
required  97  cubic  yards  of  concrete.  The  inside  reinforcing 
bars  were  then  placed  in  position  and  the  2-inch  gunite 
lining  completed  on  the  interior.  Each  section  of  pipe 
(Fig.  4)  when  completed  weighed  250  tons.  After  being 
thoroughly  cured  the  pipes  were  placed  on  a  specially 
constructed  derrick  boat,  taken  out  into  the  lake  and 
lowered  into  position  in  the  trench  previously  prepared  for 
them. 

The  pipes  had  to  be  transported  a  distance  of  almost 
seven  miles  and  the  time  of  placing  these  pipes  was  governed 
entirely  by  weather  conditions.  The  derrick  boat  (see 
Fig.  5)  had  to  be  placed  in  exact  position  for  lowering  the 
pipe  after  which  divers  were  stationed  at  the  end  of  the 
pipe  on  the  lake  bottom  and  by  the  use  of  submarine 
telephones  gave  instructions  as  to  shifting  of  the  pipe  in 


Fig.  5 — Placing  Intake  Pipe,  Diameter  96  inciies. 


Fig.  6 — Inlet  to  Intake  Pipe,  Diameter  20  feet. 


February,  1935 


THE     ENGINEERING     JOURNAL 


65 


order  to  make  the  connection.  Ahead  of  the  laying  of  the 
pipe  a  clamshell  dredge  carried  out  the  dredging  work  and 
after  this  had  been  done  and  before  the  pipe  was  laid  a 
gravel  bed  was  prepared  on  which  the  pipe  was  laid. 

Precautions  were  taken  to  prevent  concrete  and  other 
material  getting  into  the  joints  between  the  pipes  and  after 
a  sufficient  time  had  expired  the  concrete  joints  were  poured. 
The  24-inch  length  of  exposed  steel  plate  was  completely 
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Fig.  7 — Sections  of  Various  Sized  Tunnels. 

encased   in   concrete,   all   concrete   being   placed   by   the 
tremie  method  from  a  floating  concrete  plant. 

At  the  end  of  the  intake  pipe  the  intake  tee  is  located. 
This  tee  is  20  feet  long  with  a  2-inch  gunite  lining.  The 
outer  end  of  the  tee  is  sealed  with  a  steel  plate  bulkhead. 
The  8-foot  diameter  outlet  on  top  is  provided  with  a  flange 
to  which  the  circular  intake  is  bolted.  This  intake  structure 
(see  Fig.  6)  is  20  feet  in  diameter  and  divided  into  eight 
sections  by  vertical  baffle  plates.  This  furnishes  eight 
rectangular  openings  arranged  in  a  circle  each  opening 
being  7  feet  10  inches  wide  and  4  feet  high.  These  open- 
ings are  protected  by  vertical  steel  bars  2J^  inches  in 
diameter  at  ISj/^-inch  centres  extending  from  the  top  to 
the  bottom  of  the  openings.  The  plates  are  ^  inch  in 
thickness  and  riveted  construction  is  used  throughout. 

Tunnels 

The  raw  water  intake  tunnel  under  Lake  Ontario  and 
the  filtered  water  supply  tunnel  along  the  water  front  were 
carried  out  in  one  contract.  From  Victoria  Park  a  concrete 
lined  filtered  water  supply  tunnel  has  been  constructed  to 
the  existing  John  street  pumping  station  and  continues 
westward  to  a  pumping  station  to  be  erected  at  Parkdale. 
The  raw  water  tunnel  is  10  feet  in  diameter,  the  tunnel 
from  Victoria  Park  to  John  street  is  7  feet  in  diameter 
and  from  there  to  Parkdale  6  feet  in  diameter.  At  the 
John  street  and  Parkdale  pumping  stations  surge  tanks  are 
provided. 

In  all,  eight  shafts  were  sunk  over  the  entire  length 
of  49,662  feet  of  filtered  water  tunnel.  A  detailed  section 
of  each  size  of  tunnel  is  shown  on  Fig.  7.  After  the  contract 
was  awarded  the  section  of  the  tunnel  was  changed  from 
a  true  circle  to  a  horse-shoe  shape  so  as  to  permit  of  easier 
transportation  facilities.  This  increased  the  area  of  cross 
section  by  approximately  5  per  cent  without  any  change 
being  made  in  the  contract  sum. 

The  shafts  were  lined  down  to  the  shale  level  with 
steel  sheet  piling  and  in  the  shale  portion  of  each  shaft 
the  surface  was  treated  with  gunite  soon  after  being  ex- 
posed in  order  to  reduce  to  a  minimum  the  spalling  of  the 
rock.  Headings  were  driven  from  each  shaft  and  all  excava- 
tion was  taken  out  in  one  yard  dump  cars  on  a  24-inch 
gauge  track  using  25-pound  rail,  all  the  hauling  being 
done  by  ponies.  The  track  was  of  the  one-way  type  with 
passing  switches.  The  excavated  material  was  hauled  to 
the  surface  at  each  shaft  by  means  of  a  cage,  dumped  into 


a  50-cubic  yard  hopper  and  taken  away  by  trucks  to  a 
series  of  disposal  areas  provided  by  the  city,  in  most  cases 
in  close  proximity  to  the  shafts.  The  line  of  tunnel  being 
along  the  waterfront,  suitable  disposal  areas  in  close  proxim- 
ity to  the  shafts  were  secured  in  connection  with  the  re- 
claiming of  land  for  harbour  development.  Generally  the 
shafts  were  18  feet  in  diameter  in  the  overburden  where 
they  were  lined  with  steel  sheet  piling  and  13  feet  in  diam- 
eter in  the  rock.  The  steel  sheet  piling 
was  driven  by  a  steam  hammer  and  braced 
internally  with  angle  rings.  The  headings 
were  driven  2  feet  larger  than  the  finished 
diameter  of  the  tunnel.  The  tunnel  lin- 
ing throughout  consisted  of  concrete  with 
a  minimum  compressive  strength  of  2,500 
pounds  per  square  inch  over  a  twenty- 
eight-day  period.  All  of  the  concrete  was 
mixed  in  transit,  then  deposited  into  a 
4-cubic-yard  hopper  at  the  top  of  the 
shaft  and  placed  just  below  ground  level. 
One-cubic-yard  cars  were  placed  on  the 
cage  and  filled  from  the  hopper,  lowered 
R^=^f^»=^3.  in  the  cage  and  hauled  along  the  tunnel  to 

the  Ransome  pneumatic  placing  machine 
which  had  a  capacity  of  14  cubic  feet  for 
each  shot.  The  concrete  was  dumped 
into  a  box  and  then  placed  on  the  belt  conveyor  which 
carried  it  to  the  hopper  of  the  pneumatic  placer.  The 
concrete  was  then  shot  by  air  into  the  forms.  Steel  forms 
were  used  throughout  and  a  maximum  length  of  100  feet 
was  poured  at  one  operation. 

The  rock  shale  through  which  the  tunnel  was  driven 
disintegrated  quickly  when  exposed  to  the  air.  This 
difficulty  was  overcome  by  guniting  the  walls  of  the  tunnel 
before  the  concreting  was  commenced.  The  gunite  was 
generally  ^  inch  thick  and  the  operation  was  commenced 
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Fig.  8 — Steps  Forming  Ramp  in  7-Foot  Tunnel. 

as  soon  as  possible  after  the  excavated  material  had  been 
taken  out.  The  gunite  successfully  prevented  further 
disintegration  of  the  rock  and  held  the  surface  intact 
over  a  period  of  several  months  until  the  final  concrete 
was  placed.  At  each  shaft  there  was  erected  a  pump  hav- 
ing a  capacity  of  130  gallons  per  minute  to  take  care  of 
the  leakage  into  the  tunnel  through  fissures  in  the  rock 
and  also  an  electrically  driven  air  compressor  for  operating 
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Fig.  9 — Layout,  Victoria  Park  Water  Purification  Plant. 

the  rock  drilling  equipment,  a  double  drum  mine  hoist 
electrically  operated  for  hoisting  the  equipment  and  an 
electrically  driven  reversible  blower  of  2,000  cubic  feet 
capacity  for  ventilating  purposes.  These  fans  developed 
a  maximum  pressure  of  3 J/2  pounds  per  square  inch.  As 
soon  as  the  blasting  had  taken  place  in  the  heading,  the 
fans,  which  were  supplying  fresh  air  to  the  heading,  were 
reversed  and  used  to  suck  the  powder  smoke  from  the 
heading.  After  running  in  this  way  for  thirty  to  sixty 
minutes  the  fans  were  again  reversed  for  pumping  fresh 
air  to  the  underground  workings.  The  air  line  for  the 
drilling  equipment  was  4  inches  in  diameter  and  for  the 
ventilating  air  a  10-inch  galvanized  pipe  was  used  through- 
out. Figure  8  shows  a  view  of  a  ramp  in  the  7-foot  diam- 
eter tunnel. 

Water  Pueification  Plant 

The  water  purification  plant  and  pumping  station  now 
m  the  course  of  erection  at  Victoria  Park  are  the  major 
units  in  the  waterworks  extension  scheme.  The  general 
layout  of  the  works  at  Victoria  Park  is  shown  in  Fig.  9. 
The  general  design  of  the  purification  plant  was  influenced 
to  a  large  extent  by  the  shape  and  topography  of  the  site. 

The  water  purification  plant  consists  of  a  filtered 
water  reservoir,  having  a  capacity  of  12,000,000  gallons, 
over  which  are  constructed  the  filters,  pipe  galleries,  con- 
course and  chemical  room.  For  the  present,  twenty  filters 
comprising  the  western  half  of  the  ultimate  plant  have 
been  completed,  together  with  the  administration  building, 
the  central  concourse  and  chemical  section.  Above  the 
concourse  and  chemical  section  the  wash  water  tanks  are 
placed. 

The  portion  of  the  reservoir  extending  to  the  east  of 
the  main  concourse  forms  the  foundation  for  an  additional 
twenty  filters  which  will  give  the  plant  an  ultimate  capacity 
of  200,000,000  gallons  daily  at  the  standard  rate  of  filtration 
of  105,000,000  gallons  per  acre  per  day.  As  the  roof  of  the 
reservoir  forms  the  floor  of  the  filters  and  pipe  gallery  all 
wall  and  floor  castings,  filter  effluent  conduit,  concrete 
Venturi  meter,  etc.,  required  for  the  future  filters  have 
been  constructed  where  these  are  located  within  the 
reservoir. 


The  mixing  chambers  and  settling  basins 
are  located  to  the  north  of  the  reservoir  and 
filters. 

The  filters  are  arranged  on  either  side  of 
a  single  filter-operating  gallery,  underneath 
which  is  the  pipe  gallery.  The  pipe  gallery 
contains  only  the  main  wash  water  and  the 
filter  effluent  piping,  the  settled  water  influent 
and  the  wash  water  waste  conduits  being  at 
the  back  of  the  filters. 

Each  filter  (Fig.  10)  is  68  feet  long  and 
35  feet  7  inches  wide  and  has  a  net  filter  area 
of  2,103  square  feet  which  at  the  standard 
rating  of  105,000,000  gallons  per  acre  per  day 
gives  each  unit  a  capacity  of  5,000,000  gallons 
per  day. 

These  filter  units  are  unusually  large  and 
particular  attention  has  been  given  to  the 
design  of  the  wash  water  system  in  order  to 
secure  an  even  distribution  of  wash  water  and 
therefore  a  uniform  rate  of  back  wash  through- 
out the  whole  filter  area. 

The  underdrain  system  of  one  filter  unit 
consists  of  a  concrete  conduit,  3  feet  square 
in  cross  section,  constructed  integral  with  and 
underneath  the  filter  floor  and  along  its  centre 
line.     The   wash   water   enters   this   conduit 
from  the  36-inch  cast  iron  pipe  in  the  filter 
pipe  gallery  through  a  30-inch  hydraulically 
controlled  gate  valve  and  then  passes  upwards 
through    fourteen    rectangular    ports    into    a    rectangular 
distribution  manifold  constructed  in  concrete.   These  ports 
are  of  sizes  and  spacing  designed  to  compensate  for  the 
varying  conditions  of  flow  such  as  the  friction  loss,  reduc- 
tion in  velocity  and  increase  in  pressure  along  the  length 
of  the  conduit. 

From  the  manifold  the  wash  water  will  be  distributed 
through  the  underdrain  lateral  pipes  which  were  designed 
to  secure,  as  far  as  practical,  equal  flow  through  each  orifice. 
The  lateral  pipes  are  of  cast  iron  4  inches  in  diameter  at 
the  inlet  end  and  tapering  to  23/^  inches  and  are  spaced 
12  inches  apart.  The  orifices  are  on  the  underside  and  con- 
sist of  brass  nozzles  of  ^-inch  bore,  also  spaced  12  inches 
apart  resulting  in  one  orifice  per  square  foot  of  filter  area. 
The  outer  ends  of  the  underdrain  laterals  are  intercon- 
nected by  a  cast  iron  manifold  pipe  extending  along  the 
side  walls  of  the  filter,  the  purpose  of  which  is  to  offer  a 
further  equalizing  effect  should  the  pressure  in  one  area 
be  greater  or  less  than  in  another. 

The  filter  bed  consists  of  graded  gravel  to  a  depth  of 
18  inches  over  which  is  a  blinding  layer  of  coarse  sand  2 
inches  thick.  Over  this,  filter  sand  to  a  depth  of  26  inches 
will  be  placed.  The  filter  sand  will  have  an  effective  size 
of  0.55  millimeters  and  a  uniformity  coefficient  of  1.4. 

The  wash  water  troughs  are  of  reinforced  concrete 
(Figs.  10  and  11)  leading  to  a  central  main  drain  in  each 
filter.  The  piping  in  the  main  gallery  is  of  cast  iron  through- 
out and  all  of  the  control  valves  are  hydraulically  operated. 
The  complete  control  of  the  operation  of  each  filter  together 
with  the  recording  apparatus  is  governed  from  an  operating 
table  situated  on  the  operating  floor,  one  table  to  each  filter. 
The  operating  gallery  has  a  terrazzo  and  marble  floor  with 
skylights  running  throughout  the  entire  length  of  the 
building.  In  order  to  keep  down  the  cost  of  heating  the 
building  each  side  of  the  operating  gallery  has  been  en- 
closed with  windows.  The  outside  walls  of  the  building 
are  of  gray  stock  brick  with  stone  trimmings.  The  flat 
roof  over  the  filters  is  of  reinforced  concrete  and  covered 
with  cork  insulation,  felt  and  gravel  roofing. 

A  feature  worth  special  mention  is  the  provision  for 
chlorinating  and   dechlorinating  the  filtered  water.     The 
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effluent  pipes  from  each  filter  discharge  into  a  concrete 
filtered  water  conduit  in  the  reservoir  in  which  a  meter 
of  rectangular  section  is  constructed.  After  passing  through 
this  meter  the  filtered  water  is  dispersed  within  a  walled 
area  at  the  centre  of  the  reservoir  into  which  the  chlorine 
solution  is  diffused.  To  reach  the  reservoir  outlet  the 
chlorinated  water  must  travel  a  definite  path  by  reason 
of  the  concrete  baffle  walls,  the  purpose  of  which  is  to 
ensure  a  minimum  contact  period  of  chlorine  and  water 
when  superchlorination  is  practised.  Also  the  path  of  the 
water  is  arranged  to  permit  of  dechlorination  prior  to  the 
water  leaving  the  reservoir. 

The  purpose  of  the  Venturi  meter  in  the  filtered 
water  conduit  is  to  afford  a  continuous  indication  of  the 
rate  of  filtration  for  the  guidance  of  the  chemical  operators. 

Chlorine  and  sulphur  dioxide  will  be  stored  in  one-ton 
cylinders  in  the  chemical  storage  room.  The  solution  feed 
machines  and  evaporators  will  be  located  in  the  chemical 
machine  room  directly  over  the  reservoir  and  within  a  few 
feet  of  the  point  of  application  of  the  chemical.  The 
chemical  storage  room  is  equipped  with  an  overhead  water 
fine  spray  system  which  can  be  controlled  from  outside  the 
room  in  the  event  of  a  major  gas  leak. 

The  filter-rate  controllers  are  of  the  double  butterfly 
valve  type  and  are  connected  to  a  central  master  control 
which  is  actuated  either  by  a  float  on  the  water  level  in 
the  reservoir  or  manually.  Under  normal  working  condi- 
tions the  maximum  rate  will  be  set  on  the  manual  control 
but  when  the  water  level  in  the  reservoir  is  within  one 
foot  of  the  overflow  the  float  control  will  regulate  the  rate 
according  to  the  distance  the  water  level  is  below  the  over- 
flow. 

The  whole  operation  of  the  filter  plant  will  conform 
closely  to  the  standard  practice  used  in  mechanical  filtra- 
tion. The  water  will  be  treated  with  filter  alum  or  other 
coagulants  which  will  be  supplied  from  dry  feed  machines 
placed  in  a  separate  building.   Provision  has  also  been  made 


for  treating  the  water  with  activated  carbon  should  this 
be  found  necessary. 

One  of  the  main  features  connected  with  the  plant  is 
the  mixing  and  coagulating  tanks.  This  type  of  mixing 
tank  was  developed  by  th(>  late  William  (lore  and  is  usually 
referred  to  as  the  "Oorc;  mixing  tank."  Previous  to  the 
construction  of  the  Ottawa  water  purification  plant  two 
trial  filters  were  erected  there,  chiefly  with  the  object  of 


Fig.  11— Concrete  Wash  Water  Troughs  in  Filter  Unit. 

developing  better  methods  of  coagulation  previous  to  set- 
tling out  and  filtration.  The  results  obtained  from  the 
operation  of  this  plant  are  fully  described  in  a  paper 
entitled  "The  Trial  Filtration  Plant,  Ottawa,  Canada"  by 
George  G.  Nasmith.^        The  method  as  now  worked  out 

^  Volume  22,  No.  8  of  the  Journal  of  the  American  Water  Works 
Association. 
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Fig.  10 — Typical  Filter,  Victoria  Park  Water  Purification  Plant. 
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has  proved  exceptionally  efficient  and  for  several  years  has 
been  in  operation  at  Ottawa,  Calgary,  Belleville  and  St. 
Thomas.  For  the  maximum  rate  of  flow  the  mixing  tanks 
have  a  capacity  for  forty  minutes'  treatment  and  the 
settling  tanks  for  two  hours  and  fifty  minutes.  The  com- 
bined mixing  and  settling  tanks  are  three  m  number,  each 
389  feet  3  inches  in  length,  90  feet  in  width  and  a  depth 
of  23  feet  83^  inches.    Each  mixing  chamber  is  90  feet 


SErCTION  A- A 


Fig.  12 — Mixing  Chambers. 

in  width  and  73  feet  in  length,  divided  into  twelve  separate 
compartments.  This  part  of  the  plant  was  designed  to 
produce  a  very  gentle  stirring  action  and  distribute  the 
flocculated  water  into  the  setth  ig  tanks  without  breaking 
up  the  floe  which  is  extremt-'y  tragile.  Short  circuiting  was 
reduced  to  a  minimum  by  duiding  the  process  into  several 
stages  and  by  the  specj.il  design  of  the  passages.  The  raw 
water  after  treatment  with  the  necessary  chemicals  is 
brought  to  the  settling  tanks  by  a  concrete  conduit  running 
along  the  easterly  wall.  From  this  conduit  the  water  enters 
the  mixing  chambers  and  the  direction  of  flow  from  one 
compartment  to  another  changes  until  the  water  finally 
reaches  the  settling  tank  as  shown  in  Fig.  12.  The  coagula- 
tion obtained  in  these  chambers  is  most  effective  and  the 
total  loss  of  head  in  passing  through  the  various  compart- 
ments will  be  about  four  inches  at  normal  capacity.  Figures 
13  and  14  show  inside  views  of  the  mixing  chambers  and 
settling  tanks. 

The  administration  building,  situated  in  the  centre  of 
the  final  development,  contains,  besides  the  administrative 


offices,  a  fully  equipped  laboratory  with  all  the  necessary 
apparatus  for  controlling  and  directing  the  water  purifica- 
tion operations. 

Reservoir  Leakage  Test 

On  top  of  the  concrete  floor  of  the  reservoir  a  water- 
proof membrane  was  placed  consisting  of  a  layer  of  asphalt- 
saturated  asbestos  mopped  with  a  coating  of  asphalt  water- 
proofing cement  using  30  pounds  of  such  cement  for  each 
100  square  feet,  and  while  still  hot  a  layer  of  asphalt- 
saturated  fabric  was  embedded  in  it.  The  surface  of  this 
saturated  fabric  was  again  mopped  with  a  coating  of  water- 
proofing cement  and  while  still  hot  a  layer  of  asbestos  felt 
laid  at  right  angles  to  the  fabric  with  joints  lapped  3  inches 
was  embedded  in  it.  Over  the  surface  of  this  felt  a  coating 
of  waterproofing  cement  was  placed.  Once  this  had  been 
completed  and  allowed  to  set  thoroughly,  a  two-inch  layer 
of  concrete  was  placed  throughout  the  entire  reservoir  floor. 

Under  the  contract  a  leakage  test  was  carried  out 
extending  over  a  period  of  five  days.  The  permissible  in- 
visible leakage  during  the  test  was  not  to  exceed  60  Imperial 
gallons  per  minute.  The  total  floor  and  wall  area  of  the 
reservoir  subject  to  leakage  is  about  174,000  square  feet 
and  the  test  showed  that  the  total  leakage  during  one 
hundred  and  twenty  hours  was  6,160  gallons  or  somewhat 
less  than  one  Imperial  gallon  per  minute. 

Pumping  Stations 
The  pumping  station  to  be  constructed  at  Victoria  Park 
will  be  an  all-electric  station  without  auxiliary  power  of 
any  kind  other  than  a  relatively  small  supply  obtained 


Fig.  13 — Outlet  Section  of  Mixing  Chambers. 

from  storage  batteries  which  will  be  available  at  all  times 
for  the  automatic  operation  of  switching  equipment  and 
for  certain  emergency  lights,  selsyn  motor  and  synchronous 
clock  circuits.  The  pumping  station  will  contain  the  low 
lift  pumps  which  will  pump  raw  water  to  the  filter  plant 
and  the  high  lift  pumps  which  will  pump  filtered  water 
into  the  distribution  system.  Also  included  in  the  station 
will  be  the  wash  water  pumps. 
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The  pumping  station  structure  is  to  be  295  feet  in 
length  by  84  feet  in  width  and  is  divided  into  four  parts, 
the  intake  and  screen  section,  low  lift  pump  section,  high 
lift  pump  section  and  administrative  and  control  section. 
In  addition  to  the  pumping  station  proper  there  are  several 
valve  and  meter  chambers  with  interconnecting  galleries 
and  a  very  substantial  group  of  service  buildings  com- 
prising the  chemical  plant,  heating  plant,  transformer  sta- 


Fig.  14 — Settling  Basin  Looking  Towards  Mixing  Chambers. 

tion,  workshops  and  stores,  the  location  and  extent  of 
which  are  evident  from  a  study  of  Fig.  9. 

The  intake  and  screen  section  of  the  pumping  station 
is  built  directly  over  the  intake  shore  shaft  and  will  contain 
four  and  ultimately  eight  mechanically  operated  travelling 
screens  through  which  the  incoming  water  will  pass  to  two 
84-inch  suction  headers.  Each  of  the  screens  is  contained 
in  a  separate  compartment  which  can  be  isolated  by  elec- 
trically operated  sluice  gates.  In  the  construction  of  the 
screen  section  provision  is  made  for  a  surge  overflow  duct 
which  will  adequately  handle  any  surge  that  may  be 
caused  by  sudden  stoppage  of  the  raw  water  pumps  due 
to  failure  of  the  power  supply. 

The  low  lift  pump  section  will  in  the  beginning  contain 
four  sjmchronous-motor-driven,  single-stage,  centrifugal 
pumps  having  capacities  of  50,  40,  25  and  20  million  Im- 
perial gallons  per  day,  respectively,  against  a  total  head 
of  82  feet.  In  addition  to  the  provision  of  space  for  two 
future  pumping  units  the  piping  for  all  pumps  is  designed 
on  the  basis  of  50,000,000  gallons  capacity  to  provide  for 
ultimate  requirements. 

The  high  lift  pump  section  will  contain  two  syn- 
chronous-motor-driven, two-stage,  centrifugal  pumps  each 
having  a  capacity  of  12,000,000  gallons  daily  against  a  net 
head  of  191  feet,  and  two  units  of  similar  type  each  having 
a  capacity  of  18,000,000  gallons  per  day  against  a  net  head 
of  260  feet.  The  former  units  are  for  pumping  filtered  water 
into  No.  1  District  of  the  distribution  system  and  the 
latter  units  will  serve  No.  5  District  of  the  distribution 
system  (see  Fig.  1).  In  addition  the  high  lift  section  will 
contain  three  induction-motor-driven,  single-stage,  cen- 
trifugal pumps  for  pumping  filtered  water  to  the  wash 
water  tanks  in  the  filter  plant  to  be  used  for  back- 
washing  the  filters.  These  pumps  will  have  capacities  of 
\Q,  l}/2  and  5  million  gallons  daily,  respectively,  against  a 
total  head  of  54  feet. 

The  discharge  pipe  line  from  each  of  the  raw  water 
pumps  will  contain  a  Venturi  meter  and  all  such  meters 
are  placed  in  a  meter  gallery  which  lies  between  the  pump- 


ing station  proper  and  the  chemical  plant.  Beyond  these 
meters  the  raw  water  discharge  pipes  are  merged  in  two 
groups  into  two  84-inch  conduits  leading  to  the  filter  plant. 
Each  of  these  conduits  is  equipped  with  a  controller  valve, 
the  purpose  of  which  is  to  automatically  maintain  the  level 
of  water  in  the  settling  basins  within  predetermined  limits. 

The  discharge  pipe  lines  from  each  of  the  high  lift 
pumps  will  contain  combined  automatic  stop,  check  and 
throttle  valves,  Venturi  meters  and  surge  suppressors. 

In  the  equipment  of  the  pumping  station  a  very 
extensive  and  modem  system  of  remote  indication  and 
control  is  provided  for.  For  instance  the  rate  of  flow  as 
measured  by  the  individual  Venturi  meters  on  the  raw 
water  pumps  will  be  electrically  totalized  to  control  auto- 
matically the  application  of  chemicals  to  the  raw  water. 
Also  the  rate  of  flow  indicated  by  each  individual  Venturi 
meter,  the  degree  of  valve  opening,  suction  and  discharge 
gauge  pressures,  will  be  remotely  indicated  on  dials  in  the 
pump  control  cabinets  set  on  the  pump  room  floor  and  also, 
in  some  cases,  on  similar  instruments  mounted  on  the  main 
switchboard  in  the  control  room.  In  addition  to  the  valves 
meters  and  gauges  directly  connected  with  each  pumping 
unit,  other  main  valves  used  in  connection  with  the  opera- 
tion of  the  plant,  various  water  level  gauges,  and  the  84-inch 
Venturi  meter  which  will  measure  the  filtered  water  being 
drawn  by  the  combined  John  street  and  Parkdale  pumping 
stations  will  be  equipped  with  remote  indicating  devices 
mounted  in  the  main  control  room. 

As  previously  stated  the  Victoria  Park  pumping  station 
is  designed  solely  as  an  all-electric  station  without  standby 
power  of  any  other  kind.  In  consequence  of  this  the  whole 
electrical  installation  from  "incoming"  lines  to  distribution 
busses,  inclusive,  is  to  be  completed  in  duplicate  with  the 
most  modern  equipment  and  protective  devices  obtainable 
to  ensure  the  minimum  interruption  to  service.  Power  will 
be  furnished  by  the  Toronto  Hydro-Electric  System  at 
13,200  volts  from  the  Carlaw  avenue  and  the  Danforth 
avenue  substations  and  will  be  brought  to  the  transformer 
station  at  Victoria  Park  over  two  underground  cables. 
Provision  is  also  made  at  this  substation  for  a  third  "incom- 
ing" line.  At  Victoria  Park  power  will  be  transformed 
from  13,200  to  2,300  volts. 


Fig.  15 — Filtered  Water  Conduit  in  Reservoir. 

The  main  switchboard  in  the  control  room  is  of  the 
bench  board  type  with  dummy  bus  and  push  button 
control.  The  electric  installation  includes  auto  transformers 
for  reduced  voltage  starting  and  motor  generator  exciter 
sets  for  field  current.  The  switching  equipment  is  so 
arranged  that  the  sjoichronous  motors  will  start  on  reduced 
voltage  and  when  up  to  approximately  synchronous  speed 
will  automatically  be  thrown  on  full  voltage  and  the  field 
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applied.    The  rheostats  in  connection  with  the  exciter  sets 
will  be  motor  operated  from  the  bench  board. 

The  discharge  valves  from  the  eleven  pumps  and  the 
two  regulating  valves  may  be  opened  or  closed  or  other- 
wise controlled  from  the  bench  board  in  the  control  room. 
Also  the  position  of  each  valve  so  controlled,  the  rate  of 
flow,  gauge  pressures  and  water  levels  are  all  transmitted 
to,  and  indicated  on,  this  board.  In  addition  to  the  main 
bench  board  the  control  room  contains  a  re- 
lay board  and  service  board.  A  further 
transformation  from  2,300  to  550  volts  is 
made  in  the  pumping  station  to  provide 
550-volt  power  for  drainage  pumps,  cranes, 
travelling  screens  and  various  other  equip- 
ment, the  distribution  of  which  is  controlled 
from  the  service  board. 

It  is  intended  to  provide  metal  clad 
switch  gear  for  all  13,200-  and  2,300-volt 
switches  and  oil  disconnects. 

The  Parkdale  pumping  station  in  general 
follows  the  requirements  laid  down  for  the 
Victoria  Park  pumping  station  except  that 
there  will  be  no  pumps  of  the  low  lift  type. 

Chemical  Treatment 

The  chemical  plant  is  designed  to  con- 
tain a  reasonable  storage  of  alum  having  in 
mind  an  ultimate  capacity  of  200,000,000 
gallons  daily.  Alum  will  be  delivered  to 
the  plant  in  bags  by  trucks  and  will  be 
handled  by  pneumatic  conveying  equipment 
into  the  storage  bins.  From  the  storage 
bins  it  will  be  drawn  by  gravity  into  weight 
hoppers  furnished  in  connection  with  the 
dry  feed  chemical  machines.  Two  such 
machines  are  to  be  installed  at  present  for 
alum  and  a  third  machine  which  may  be  used  for 
activated  carbon  or  such  other  chemicals  as  may  be  re- 
quired in  the  future.  From  the  solution  chambers  of  the 
chemical  machines  the  solution  will  flow  by  gravity  and 
be  applied  to  the  incoming  raw  water  at  the  intake  well. 

Each  of  the  two  storage  bins  has  capacity  for  140  tons 
of  alum.  It  is  estimated  that  the  dosage  of  alum  applied 
to  the  raw  water  will  average  0.5  grains  per  gallon  and  will 
not  exceed  1.5  grains  per  gallon. 

St.  Clair  Reservoir 

The  first  actual  work  to  be  placed  under  construction 
and  put  in  service  was  the  St.  Clair  reservoir  to  take  care 
of  District  No.  2.  This  reservoir  has  a  capacity  of  50,000,000 
gallons,  is  built  of  reinforced  concrete  throughout,  the  roof 
being  supported  on  columns.    The  flat  slab  roof  has  the 


3-way  system  of  reinforcing  and  is  10  inches  in  thickness. 
The  earth  fill  to  a  depth  of  2  feet  has  been  sodded  over  and 
a  most  serviceable  park  for  the  use  of  the  citizens  is  available 
at  all  times.  Tennis  courts  and  other  outdoor  recreations 
are  in  full  swing  particularly  in  the  summer  months.  The 
reservoir  is  divided  into  two  compartments  of  equal  capac- 
ity. Figure  17  gives  typical  cross  sections  through  the 
outer  wall,    dividing   wall   and   columns.     There   are   830 


DETAIL  OF  COLUMN  UNIT  SECTION  OF  OUTER    WALL  SECTION  OF  PAPTITION  WALL 

Fig.  17 — St.  Clair  Reservoir,  Concrete  Details. 


columns  supporting  the  roof.  The  columns  are  spaced  at 
21  feet  6  inches  centres  and  the  reservoir  has  a  water  depth 
of  23  feet.  The  volume  of  concrete  placed  amounted  to 
42,452  cubic  yards.  The  total  cost  of  the  reservoir,  exclud- 
ing land  and  engineering,  was  $884,395,  which  works  out 
at  approximately  $17,688  per  million  gallons  capacity. 

St.  Clair  Overhead  Tank 

Plans  have  been  prepared  for  the  erection  on  the  same 
site  of  an  enclosed  steel  overhead  storage  tank  having  a 
capacity  of  536,000  gallons  to  serve  District  No.  3.  In 
keeping  with  the  surroundings  this  tank  is  of  an  ornamental 
type  as  shown  on  Fig.  18.  The  concrete  piers  for  support- 
ing the  tank  were  built  on  a  ring  footing  which  was  con- 
structed a  few  feet  below  the  original  ground  surface. 
The  earth  fill  at  this  part  of  the  reservoir  embankment 


Fig.  16 — Northerly  Elevation  of  Victoria  Park  Filter  House,  Mixing  and  Settling  Tanlis  in  Foreground. 
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is  about  29  feet  in  depth  and  to  curtail  the  total  load  on 
the  hill  the  piers  were  connected  by  a  circular  wall  and 
the  enclosure  was  left  unfilled.  The  tank  is  45  feet  inside 
diameter  with  a  maximum  depth  of  G5  feet  supported  on 
12  steel  columns  and  having  a  riser  pipe  8  feet  in  diameter. 
The  overflow  pipe  is  14  inches  in  diameter  and  access 
openings  are  provided  on  the  roof  and  at  the  base  of  the 
riser  pipe.  The  structure  is  designed  to  withstand  safely 
the  weight  of  the  steel  tank,  the  weight  of  the  buildings 
surrounding  the  structure,  the  weight  of  the  water  in  the 
tank,  wind  stresses  caused  by  a  hurricane  blowing  at  the 
rate  of  100  miles  per  hour  from  any  direction  and  the 
snow  load  on  the  roof  of  the  tank.  Stresses  caused  by 
emptying  and  subsequent  filling  of  the  tank  in  a  space  of 
thirty  minutes  were  taken  into  account  in  designing  the 
structure.  The  tank  bottom  is  of  the  elliptical  type  with 
a  depth  of  the  elliptical  section  of  15  feet.  All  structural 
steel  columns,  beams,  brackets  and  the  overhead  tank 
including  roof  and  riser  pipe  (inside  and  outside)  are  to 
be  coated  with  gunite  1^^  to  2  inches  thick. 

In  general  the  building  is  to  be  faced  with  brick  of 
first  quality  grey  stock  with  stone  base,  pilasters  and  trim 
cut  from  the  best  quality  Queenston  limestone.  The  total 
cost  of  the  overhead  tank  excluding  land  is  estimated  to  be 
$120,000. 

CONCLTTSIONS 

On  the  completion  of  the  waterworks  extensions 
Toronto  will  have  available  a  water  supply  capable  of 
taking  care  of  a  population  of  1,000,000  persons  and  so 
laid  out  as  to  permit  of  extensions  being  made  whenever 
required  to  supply  1,500,000  persons.  The  extensions 
everywhere  contain  the  most  up-to-date  equipment  and 
every  known  precaution  has  been  taken  to  ensure  the 
safety  and  continuity  of  the  supply.  To  adequately  safe- 
guard the  raw  water  supply  the  city  council  has  under 
consideration  extensive  additions  to  the  sewage  disposal 
works,  the  effluent  from  which  at  the  present  time  dis- 
charges into  Lake  Ontario  about  midway  between  the 
existing  Centre  Island  intakes  and  the  new  intake  at 
Victoria  Park. 

Engineering 

The  whole  project  is  being  carried  out  under  the 
direction  of  R.  C.  Harris,  Commissioner  of  Works,  with 


George  G.  Powell  as  deputy  city  engineer,  and  the  late 
James  Milne,  m.e.i.c,  and  latterly  A.  U.  Sanderson, 
A.M.E.i.c,  as  chief  engineer  of  the  Water  Supply  Section. 


Fig.  18— Water  Tower  for  District  No.  3. 

The  design  of  the  works,  the  supervision  of  construc- 
tion and  the  operation  for  a  period  of  one  year  after  placing 
the  works  in  service  is  being  carried  out  by  H.  G.  Acres 
and  Company,  Limited,  and  Gore,  Nasmith  and  Storrie, 
joint  consulting  engineers  on  the  work 
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Simple  Graphical  Solution  for  Pressure  Rise  in  Pipes 

and  Pump  Discharge  Lines 
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Paper  to  be  presented  at  the  General  Professional  Meeting  of  The  Engineering  Institute  of  Canada,  Toronto,  Ont., 

February  7th  and  8th,  1935. 

SUMMARY. — Dealing  with  the  problem  of  finding  the  pressure  changes  In  a  pipe  line,  caused  by  changes  in  the  flow  of  water,  the  author  explains  a 
graphical  method  of  calculation  based  largely  on  the  work  of  Allievi.  A  number  of  numerical  examples  are  worked  out,  involving  the  effect  of  rate  of  gate- 
closure,  resonance,  surge-tank  action,  and  supply  by  a  motor  driven  centrifugal  pump. 


The  problem  of  finding  the  pressure  change  in  a  pipe 
Une  where  there  is  variable  flow  produced,  for  example, 
by  altering  the  opening  in  a  discharge  valve,  has  always 
been  an  important  one  and  frequently  very  baffling.  Where 
the  pipe  is  uniform  in  size,  the  solution  is  much  simpler 
than  in  the  case  of  tapering  pipes,  and  the  addition  of 
branches  from  the  main  line  greatly  complicates  the 
problem. 

The  names  of  Joukovsky  and  Allievi  will  always  be 
associated  with  this  problem,  the  former  engineer  having 
done  a  lot  of  fundamental  experimental  work  and  estab- 
lished the  general  theory  and  certain  fundamental  equa- 
tions. Lorenzo  Allievi,^^)  still  living  in  Rome,  greatly 
simplified  the  work  previously  done  and  prepared  many 
very  important  diagrams  and  charts  for  the  solution  of 
certain  types  of  problem.  AUievi's  book  was  written  in 
Italian,  later  translated  into  German  and  into  French,  but 
did  not  exist  in  English  till  1925  when  Mr.  Eugene  Hal- 
mos(^)  of  New  York  translated  the  work  under  the  title 
"Theory  of  Water  Hammer,  Notes  I  to  V";  this  edition 
was  printed  in  Rome  and  contains  a  number  of  errors  in 
spelling  and  grammar  (but  few  in  mathematics)  and  many 
curious  and  unusual  phrases;  yet  the  author  of  this  paper 
never  read  anything  of  any  kind  that  so  thrilled  and 
pleased  him,  as  he  saw  the  elegance  and  completeness  with 
which  Professor  Allievi  had  mastered  his  subject.  The 
book  is  a  masterpiece,  extremely  simple  and  logical  and 
must  be  regarded  as  the  basis  of  modern  work  on  this 
subject. 

Notwithstanding  all  the  merit  AUievi's  book  possesses, 
it  is  not  much  read  by  engineers,  most  of  whom  lay  it 
aside  because  they  think  it  contains  too  much  mathematics. 
The  entire  mathematical  difficulty  in  the  work  is  due  to 
two  equations  established  by  Allievi  from  hydrodynamics, 
which  may  be  readily  verified  and  which  are  actually  un- 
wittingly used  by  all  persons  solving  problems  on  water 
hammer.  Before  proceeding  further,  these  equations  must 
be  explained.  In  Fig.  1  the  simplest  case  is  shown,  where 
a  pipe  of  uniform  diameter  discharges  through  a  nozzle, 
or  valve  or  turbine  gate,  or  other  similar  device.  Friction 
will  first  be  neglected,  as  is  usual,  and  because  it  produces 
very  small  effects  in  most  of  the  cases  discussed  herein. 

The  symbols  used  throughout  the  paper  are  tabulated 
below  for  convenient  reference. 

The  words  "gate,"  valve,"  "nozzle"  have  the  same 
meaning  and  refer  to  the  device  at  the  discharge  end  of  the 
pipe,  by  which  velocity  changes  are  made. 

Ap  =  Area  of  pipe,  square  feet,  assumed  uniform. 
A 1  =  Area  through  gate  or  nozzle  or  valve,  square  feet. 
Ae  =  Effective  area  in  square  feet  through  gate  =  Ai  X 
coefficient  of  discharge  cj. 

G  =  -~  '\/2yand  varies  only  with  Ae- 
Ap 

Cd  =  Coefficient  of  discharge. 

Q  =  Discharge  through  pipe  at  any  instant,  cubic  feet 

per  second. 


W  Numbers  refer  to  bibliography  at  end  of  paper. 


V  =  Velocity  in  pipe  at  any  instant,  feet  per  second. 
u  =  Demand  velocity  in  problem  on  surge  tank,  feet 
per  second. 
VBt,  etc.    The  notation  is  similar  to  that  for  H. 

a  =  Velocity  of  the  pressure  wave   in  the  pipe,  feet 

per  second. 
H  =  Head  in  feet  (not  including  velocity  head)  in  pipe 
close  to  gate,  or  at  the  point  and  time  indicated 
by  the  subscript  used  with  it. 
Hbi,  etc.  =  Pressure  in  feet  at  the  point  B  at  t  seconds  after 
gate  movement  begins.   Thus,  Has.z  is  the  pressure 
in  feet  at  the  gate  end  of  the  pipe  3.2  seconds  after 
the  gate  is  first  moved. 
h  =  Instantaneous  pressure  rise  (or  fall)  in  feet  due  to 

a  small  gate  movement. 
F  =  Sum  in  feet  of  all  the  instantaneous  direct  pres- 
sures up  to  any  instant. 
/  =  Sum  in  feet  of  all  the  instantaneous  reflected  pres- 
sures.   It  has  been  written  with  a  plus  sign  but  is 
numerically  negative. 
I  =  Length  of  pipe,  in  feet. 

X  =  Distance  from  the  gate  to  the  section  under  con- 
sideration, feet. 
t  =  Time  in  seconds  after  gate  movement  begins,  at 
which  the  events  occur. 
X  =  v/vo  and  Y  =  H/Ho  at  the  point  and  time  desig- 
nated by  the  subscript  used. 
A  3.2  on  the  diagram  is  a  point  showing  the  pressure  and 
velocity  at  the  gate  end  of  the  pipe  3.2  seconds 
after  the  gate  begins  to  move,  and  so  on  for  other 
points. 
A,  B,  C  are  points  on  the  pipe  line  at  the  valve  end,  at  an 
intermediate  point  and  at  the  reservoir  end,  re- 
spectively, unless  otherwise  stated. 
The  subscript  zero  placed  after  any  of  the  above  symbols 
denotes  the  value  at  steady  pipe  flow,  and  before  gate 
motion  begins. 

p  =        °    the  pipe  line  characteristic  of  Allievi. 
2gHo 

At  any  instant  after  gate  movement  begins,  let  the 
discharge  be  Q  cubic  feet  per  second,  which  corresponds  to  a 
head  H  feet  at  the  nozzle;  and  if  at  this  instant  the  pipe 
and  gate  areas  are  Ap  square  feet  (assumed  uniform  from 
end  to  end  of  the  pipe)  and  Ai  square  feet,  respectively, 
then  the  corresponding  velocities  will  be  v  feet  per  second 
and  u  feet  per  second,  respectively,  in  the  pipe  and  from 
the  nozzle. 

Now  let  Ae  =  AiCd  he  the  effective  nozzle  area,  by 
which  is  meant  the  actual  discharge  area  multiplied  by  a 
suitable  coefficient  of  discharge.  Let  the  quantities  cor- 
responding to  the  above,  for  steady  motion  (that  is,  before 
gate  movement  begins)  be  Qo,  Ho,  Ap,  Aeo,  vo  and  uq, 
respectively. 

For  the  exact  explanation  of  what  happens  in  the  pipe 
during  gate  movement,  the  reader  is  referred  to  standard 
textbooks  and  papers,  such  as  the  author's  "Hydraulics  for 
Engineers"^^)  and  numerous  papers,  amongst  which  may 
be  specially  mentioned  those  by  N.  R.  Gibson<^>  and  Miss 
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O.  Simin.(*)    The  author  sees  no  justification  for  repeat- 
ing here  the  explanation  given  in  those  publications. 

Briefly,  it  may  be  stated  that  when  any  slight  closing 
movement  of  the  gate  occurs  it  extinguishes  a  part  5v  of 
the  velocity,  and  causes  a  momentary  rise  in  pressure  h  feet 
to  travel  from  the  gate  up  to  the  reservoir  and  back  again 
at  a  velocity  of  a  feet  per  second,  the  time  interval  required 
for  the  complete  travel  of  this  wave  being  2  l/a  seconds, 
where  I  is  the  pipe  length  in  feet.  When  this  wave  of 
positive  pressure  returns  to  the  gate  it  is  reflected  as  a 


Fig.  1 

negative  wave  of  equal  magnitude,  and  this  process  con- 
tinues till  it  finally  dies  out  through  friction.  It  is  easy 
to  show  (see  articles  already  referred  to)  that  the  relation 
between  the  quantities  is 

h  =  -  .   8v (1) 

This  is  Joukovsky's  relation. 

Referring  now  to  Fig.  1,  the  following  relations  are 

evident,  for  any  given  interval:        

Q  =  Apv  =  Ae  y/2gH 
or,  at  any  instant 

V  =  4^  V2^  =  G  Vh (2) 

Ap 

also,  before  movement  begins 

vo  =  ^  V2Wo=  GoVHo (3) 

Hence  -  =  —  ^  _  =  E  \~  where  E  =  jr (4) 

Vq         Kxq    ^  £1  0  Ho  tro 

To  determine  the  change  of  velocity  and  the  corre- 
sponding pressure  rise  due  to  any  gate  movement,  the  two 
equations  (1)  and  (2)  are  available  and  are  most  easily 
solved  by  a  trial  and  error  process.  For  the  first  pressure 
wave  it  is  evident  that 

V  =  G\/H  =  G  VHo  +  h 
and  G  is  known  from  the  method  of  moving  the  gate.  For 
any  later  period  after  several  movements  of  the  gate,  the 
equations  are  the  same,  G  being  known  as  already  explained, 
but  the  h  to  be  used  is  the  algebraic  sum  2/i  of  all  the 
pressure  changes,  positive  and  negative,  up  to  the  time 
considered,  or 

V  =  GVHo  +  ^h (5) 

An  example  taken  from  the  author's  textbook  is  given 
here  for  illustration.  The  water  in  a  pipe  643  feet  long 
has  a  steady  velocity,  with  open  gate,  of  14.44  feet  per 
second,  under  a  head  Ho  =  400  feet,  and  the  valve  at  the 
discharge  end  of  it  is  assumed  to  close  in  such  a  way  that 
its  effective  area  decreases  uniformly  with  time;  that  is, 
there  is  a  straight  line  relation  between  Ae  and  the  time 
reckoned  after  gate  motion  begins.  The  velocity  of  wave 
travel  a  =  3,800  feet  per  second  has  been  used.  It  is 
desired  to  find  the  pressure  changes  in  the  pipe. 

The  two  equations  give  corresponding  values  of  H 
and  V  at  the  gate,  which  satisfy  them;  and  the  method  is 
assumed  to  be  well  enough  known  to  require  no  detailed 


explanation.  For  the  case  mentioned,  the  results  are  shown 
in  Fig.  2,  the  actual  pressures  being  taken  directly  from 
the  author's  textbook.  In  the  illustration,  the  pressure 
waves  are  shown  by  single  lines  instead  of  by  the  typical 
diagram  for  the  first  gate  movement  at  (a)  Fig.  2;  in 
the  single  line  pressure-wave  diagram  at  (6)  Fig.  2,  the 
heavy  lines  indicate  the  direct  or  positive  waves,  while  the 
hght  lines  indicate  the  negative  or  reflected  waves. 

Below  the  pressure-wave  diagram  (b)  there  are  shown 
at  (c)  the  sums  of  all  the  positive  or  direct  pressures  up 
to  each  time  given,  these  being  designated  by  F  on  the 
diagram;  at  (d)  are  shown  the  sums  of  all  the  negative  or 
reflected  pressures,  designated  by/,  up  to  the  time  given; 
at  (e)  are  plotted  the  algebraic  sums  of  the  positive  and 
negative  pressures,  which  are  simply  the  sums  F  +  f,  and 
as /is  always  negative  these  are  really  numerical  differences; 
at  (g)  are  the  algebraic  differences  of  the  positive  and 
negative  pressures,  and  for  the  reason  just  stated  these  are 
numerical  sums. 

The  above  diagrams  give  pressures  at  the  gate,  but 
if  similar  information  is  desired  at  another  point  on  the 
pipe,  then  corresponding  pressure  diagrams  may  be  drawn 
for  that  point;  e.g.  the  one  for  the  centre  of  the  pipe  cor- 


y 


ih) 


(b) 


-f- 


-4- 


-L 


Sc/rrt   of .  -^inxi    wi  've  Jiresst  /res  | 


{/='tf  ant^   /"-/"  are    a/^eJbraic    sum    and  d/ffer&frce.) 

Fig.  2 — Pressure  Wave  Curves  for  Pipe  643  Feet  Long. 

a  =  3,800  ft.  sec.        vo  =  14.44  ft.  sec.        ffo  =  400  ft. 
Closure  Time  T  =^6  (— )  sec. 

responding  to  the  first  movement  of  the  gate  is  shown  at 
(^)  on  Fig.  2.  This  is  the  diagram  for  the  centre  of  the 
pipe  at  a  time  Z/2a  seconds  later  than  the  corresponding 
diagram  at  the  gate,  since  the  pressure  rise  produced  at 
the  gate  takes  Z/2a  seconds  to  reach  the  centre  of  the  pipe. 
By  drawing  the  series  of  pressure  diagrams  for  the  centre 
of  the  pipe  for  each  gate  movement,  as  has  been  done  for 
the  gate  end  at  (6)  Fig.  2,  the  pressure  at  any  instant  is 
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easily  found  by  the  method  already  described,  and  well 
known  as  arithmetic  integration. 

With  these  preliminary  statements,  Allievi's  equations, 
as  given  by  Halmos,  C^)  may  now  be  stated,  and  should  be 
easily  understood  from  the  illustrations  which  follow. 

Allievi's  Equations 

H_H._f(,_f)+y(,  +  ?) (6) 

"»--![^('--:)-/('+D] (^) 

H„    +    Hn-l    -   2Ho=-{Vn-l   -Vn) (8) 

The  origin  for  distance  is  taken  at  the  gate  and  x  is 
the  distance  (measured  towards  the  reservoir)  at  which  the 
pressure  is  H  feet  at  t  seconds  after  closure  begins,  the 
velocity  corresponding  to  H  being  v  feet  per  second. 

The   quantity  F  It J  is  the  sum  of  all  the  direct  or 

positive  pressures  at  time  t  and  at  a  point  x  feet  from  the 
gate.    The  sums  of  these  pressures  at  the  gate,  where  x  =  0, 

are  given  at  (c)  Fig.  2;  in  this  case  F  (t J  =  F  (t),  which 

in thatfigure is  denoted  by  F.   Similarly,/ H  + -j  =/ (i)   at 

the  gate,  which  is  denoted  by  /  in  Fig.  2  at  (d). 

In  the  case  shown,  these  summations  are  made  for 
each  half  interval,  and  this  is  desirable  in  any  case,  and  is 
absolutely  essential  if  the  pressure  at  the  centre  of  the  pipe 
is  to  be  found;  it  would  be  necessary  to  make  the  calculation 
for  each  quarter  interval  if  the  pressure  at  J  /  or  f  Z  from 
the  gate  was  desired. 

For  the  centre  of  the  pipe  x  =  1/2  and 

^0-I)=/0-2-J'"-/('  +  «)=/('  +  2-a)' 

so  that  at  any  instant  t  after  closure  begins,  one  would  take 
the  algebraic  sum  (numerical  difference)  of  the  direct  pres- 
sures 1/2  a  seconds  earlier,  and  of  the  reflected  pressures  1/2  a 
seconds  later,  which  is  easily  done  by  means  of  diagrams 
(c)  and  ((i)  Fig.  2.  The  dotted  line  kk  corresponds  to 
t  =  6.5  l/a  and  the  additions  and  subtractions  are  taken  at 
the  lines  distant  m  from  hk. 

A  little  reflection  will  show  that  these  formulse  of 
AUievi  only  express  in  algebraic  manner  the  process  actually 
carried  out  arithmetically  in  the  example  given  above,  as 
is  shown  by  the  following  illustrations: 

(a)    A  point  at  the  gate  end  of  the  pipe  where  x  =  0. 

(2  l\ 
—  j  seconds    after  closure   begins,   the 

pressure  rise  is  clearly  F  (t)  +  /  (t),  or  the  sum  of 

A  7 

the  two  curves  (c)  and  (d)  in  Fig.  2  at  time  t  =  — ; 

a 

i.e.  H3  -  Ho  =  428.7  +  (-  260.6)  =  168.1  feet 

(curve  e)  and  so  on  for  all  times  desired. 

Then  H3  =  Ho  +  168.1  =  568.1  feet. 

(2  l\ 
—  I  seconds  the  velocity 

change  is 

^[^(0-/(0]  =§^[428.7  -  (-  260.6)] 

=  5.84  feet  per  second 

=  t'o  —  I's  (curve  g) 
or   V3  =  14.44  —  5.84  =  8.60  feet  per  second. 
(3)    H3  +  H2  -  2Ho  =  568.1  +  554.9  -  2  X  400  = 
323  feet  for  the  third  interval,  and  (g/a)  323  = 


2.73  feet  per  second;  it  may  be  shown  that  this  is 
the  same  as  is  found  by  the  arithmetic  method 
already  referred  to.  H2  and  H3  are  the  pressures 
at  the  ends  of  the  second  and  third  phases, 
respectively. 

(6)    A  point  at  centre  of  pipe  for  the  same  pressure  wave. 

Here  x  =  1/2  and  the  time  t  +  k-  seconds  after  closure 

jj  a 

begins,  corresponds  to  t  at  the  gate. 

(1)  At<  =  3(  —  )"l"9~  seconds  after  closure  begins,  it 

is  readily  seen,  by  drawing  the  pressure  diagrams 
like  (h)  Fig.  2,  for  this  point,  that  the  pressure  rise 
is  84.8  feet.  Equation  (6)  would  give  H  —  Ho  = 
428.7  -  343.9  =  84.8  feet,  the  dotted  line  k  cor- 
responding to  the  time  31  —  j  +  «-  and  the  dis- 
tances m  being  equal  to  ^  seconds,  so  that  F  and 

f  are  easily  read  off. 

(2)  At   the   same   time   the   velocity   change   is,    by 

equation  (7),  vo-  v  =^  [428.7  +  343.9]  =  6.54 

feet  per  second  or  t;  =  7.90  feet  per  second. 

If  the  reader  will  take  the  trouble  to  actually  draw 
the  complete  set  of  pressure  diagrams  and  carry  out  the 
calculation  by  arithmetic  integration,  he  will  very  soon  be 
convinced  of  the  accuracy  of  the  equations  (6),  (7)  and  (8). 
While  equation  (8)  applies  only  to  pressure  rise  at  the  ends 
of  two  successive  intervals,  equations  (5)  and  (6)  apply  to 
any  point  on  the  pipe,  and  at  the  reservoir  end  where  x  =  I 
the  pressure  rise  is  zero  because  the  values  on  curve  (d) 
at  any  instant  are  the  same  as  those  on  curve  (c)  at  a  period 

21 

—  seconds  earlier.    Familiarity  with  the  meaning  of  these 

a 

three  equations  makes  the  rest  of  this  paper  relatively 
simple,  and  indeed,  makes  it  easy  to  read  almost  any 
article  on  water  hammer. 


ra) 


- — JE- 


^^^'■^ 


^"^i^ 


(h) 


F^ 


Fig.  3 

Taking    now    Allievi's    equations    (6)    and    (7),    just 
discussed,  and  adding  them,  gives: 


H  -Ho=  -    -  ivo-v)  +2f(<-?) (9) 

g  \        a/ 

and  by  substracting  them 

H  -Ho=  +  -  ivo-v)  +2/(<  +  |) (10) 


where  H  and  v  are  corresponding  values  for  any  point  x  feet 
from  the  gate,  t  seconds  after  closure  begins.  Selecting  two 
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sections  A  and  B  on  the  pipe,  as  shown  on  Fig.  3  (a),  equa- 
tion (9)  gives 

Ubi    -     //bo    =    -    '^-{VB^-   VB^    +2/^    ('-    -) (11) 

Q  \         fl/ 

H^/1  -  //^o  =  -  ^  (t'^o  -  t'An)  +  2  f'  (<i  -  ^).  .  .  .(12) 

Where  the  pipe  is  of  uniform  size  throughout,  iiao  =  i'so 
and  if,  as  is  most  usual,  the  velocity  heads  are  small  relative 
to  the  pressure  heads,  then  //ao  =  //bo- 

Again,  a  pressure  wave  takes ^  seconds  to  travel  from 

A  to  B,  so  that  if  events  for  B  are  reckoned  at  a  time ' 

a 

seconds  later  than  those  for  A  the  very  same  pressure  wave 

will  be  under  consideration  in  both  cases.    But  this  condi- 

tion  evidently  means  t  —  i\  =    ox  i —t^ 'or 

a  a  a 

Therefore  with  the  assumption  made  as  to  the  times,  the 
subtraction  of  equation  (12)  from  (11)  results  in 

Ubi-  HmX  =  +-  {VBl  -VMx) (13) 

For  the  reflected  wave,  equation  (10)  when  treated  in 
a  similar  manner  gives  (see  Fig.  3  (6)  ) : 

Hbh-Hbo^  +-  {vB^-VBn)  +2/ (<!+-') (14) 

Hai  -  HaO=   +~   {VAO  -  VAt)  +  2/  (<  +  -) (15) 

For  the  reasons  already  stated,  times  are  reckoned  so  that 

t  —  ti  =  — or  i  +  -  =  ii  +  —  from  which   (14)   and 

a  a  a 

(15)  give 

Hai  —  Hbh   = (vAt  -  VBtl) (16) 

If  three  points  on  the  pipe  are  being  studied,  then 
calling  them  A,  B  and  C  and  assuming  them  located  as  in 


(a.) 


(T 


-7 

-Xr 


I 


Ortaz/t 


(h) 


K 


^ 


/^>><£^ 


Fig.  4 


Fig.  4,  the  following  equations  may  be  written,  by  the  use 
of  (13)  and  (16): 


Hbi  —   Hci2   = {VBt  —  VC12)- 


(17) 
(18) 


Hct  —  Hbi2   =    +   -   {vet  -  VBt2) 

These  equations  may  also  be  applied,  if  the  pipes  AB 
and  BC  are  of  difTerent  sizes,  with  the  single  change  in  the 
value  of  a,  which  is  different  for  the  two  sections.  It  is 
assumed  that  the  difference  in  velocity  heads  in  the  two 
sections  is  very  small  compared  with  Ho. 


The  four  equations  (13),  (16),  (17)  and  (18),  together 
with  a  relation  similar  to  (5)  which  establishes  a  connection 
between  the  law  of  gate  motion,  the  head  //,  and  the 
velocity  v,  are  sufficient  to  solve  all  problems.  To  make  the 
case  clear,  let  a  pipe  7,000  feet  long  be  attached  to  a  reser- 
voir at  C,  discharging  through  a  gate  near  A,  and  let  it  have 
a  value  of  a  =  3,000  feet  per  second.  If  now  A,  B  and  C 
are,  respectively,  100,  2,000  and  7,000  feet  from  the  origin 
at  the  gate,  then  the  pressure  wave  travels  from  ^  to  B  in 

2000  -  100       „  _            ,        , ,         v>,    n-     7000  -  2000 
73?^ —  =  0.63  second,  and  from  B  to  C  m  oK(u{ 

=  1.67  second.    Hence  the  four  equations  already  derived, 
when  applied  to  this  case,  would  be 

Hb  ((+.63)  —  Hai  =  +  -  {vB{i+3i)  —  Vai) (13) 

Ha  (t+.63)  —  Hbi  =  —  -  (i'AC^+.es)  —  vbi) (16) 

Hb  ((+1.67)  —  Hci  =  —  -   {vb  ((+1.67)  —  vcd (17) 

He  ((  +  1.67)  —  Hbi  =    -\-   -    (vc  ((  +  1.67)  —  VBt) (18) 

It  is  frequently  convenient  in  work  of  this  kind  to 
get  the  values  of  H/Ho  and  v/vo  instead  of  H  and  v.  To 
save  letters,  the  former  will  be  denoted  by  Y  and  the 
latter  by  X,  as  these  are  the  axes  on  which  the  quantities 
are  plotted  later  on. 

From  equation  (13)  by  dividing  by  //o  there  results 
Hm  _  Haii  ^  avo^  ^vm  _  VAti\ 
Ho  Ho       gHo  \vo         vo  / 

Now  the  quantity  - — ^  has  been  designated  by  p  by 
z  gli  0 

Allievi,  who  called  this  quantity  the  pipe  line  characteristic. 

For  each  pipe  and  condition  of  flow  it  has  a  fixed  value 

which  will  appear  later  on  as  a  most  important  factor  in 

water  hammer. 

Using  the  above  symbols  with  this  equation  gives 

Ybi-  Yah  =  +  2  p  {XBt  -  Xmi) (19) 

and  by  going  through  a  similar  transformation  with  the 
other  equations  (16),  (17),  (18),  there  results 

YAt  -  YBti  =  -2p  {XAt  -  XBti) (20) 

YBt  -  Yct2=  -2p  {Xet  -  Xct2) (21) 

Yet  -  YBt2=  +2p  {Xct  -  XBt2) (22) 

These  equations  now  enable  any  problem  to  be  readily 
solved  and  will  be  made  use  of  in  the  following  illustrations. 
The  value  of  a  depends  on  the"  material  of  the  pipe  and  its 
relative  thickness,   and  for  steel  pipe  the  book^^)  already 

referred  to  gives  a  formula  a  =      ,  where  d  is 

Vl  +  O.Old/6 

pipe  diameter  and  6  is  its  wall  thickness. 

Graphical  Construction 

The  graphical  construction  for  solving  these  problems 
may  now  very  easily  be  understood.  For  example,  a  uniform 
steel  pipe  2,400  feet  long,  with  a  =  3,000  feet  per  second,  is 
discharging  freely  through  a  gate  under  a  head  of  332  feet. 
Let  the  gate  be  closed  so  that  its  effective  discharge  area 
decreases  uniformly  with  time,  the  total  closure  taking 
r  =  4  seconds;  the  pressure  rise  at  the  gate  is  to  be  plotted 
on  a  time  base. 

For  this  pipe  the  time  of  travel  of  the  pressure  wave 
from  the  gate  to  the  reservoir  and  back  is 

2  X  2400       ,  _  , 

— „„„„ —  =  1.6  seconds, 

so  that  closure  is  in  r/1.6  =  2.5  intervals. 

Now  the  relation  between  the  gate  setting  and  the 

1)  I  H 

pipe  velocity  has  already  been  established  a,s  —  =  E\  jj- , 

Vq  Ho 
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equation  (4),  where  E  varies  only  with  the  gate  setting, 
and  is  therefore  dependent  solely  on  the  time  elapsed  after 
gate  closure  begins.  With  full  gate  E  =  I,  and  one  second 
after  closure  begins  the  value  oi  E  =  0.75,  since  the  gate 
is  one-quarter  closed.  These  relations  were  explained  earlier 
in  the  paper. 

The  diagram  to  be  constructed  has  the  axes  shown  in 
Fig.  5,  and  equation  (4)  will  be  represented  on  this  diagram 


S"'^ 


Fig.  5 — Representation  of  Equations  Used. 

by  a  series  of  parabolas  with  vertices  at  0.    For  full  gate 

^  =  1  and  —  =  V  rr-  and  after  the  lapse  of  0.8  second,  or 
■  Vq        ^  Ha  ^  

/  // 
one-fifth  of  the  total  closing  time,  E  —  .80,  or  —  =  0.8  \  fj- 

Va  no 

and  so  on.  These  parabolas  are  very  easily  drawn  by  aid 
of  a  slide  rule,  and  parts  of  two  of  them  spaced  0.8  second 
apart  are  shown  and  marked  £  =  1  and  E  =  0.8. 

Clearly  on  this  diagram,  equations  (19),  (22),  (20)  and 
(21)  are  represented  by  two  series  of  parallel  lines;  the 
former  two  give  lines  with  a  slope  whose  tangent  is  -|-  2  p 
and  the  latter  two  have  tangents  —  2  p.  Conditions  at 
the  reservoir  are  always  represented  by  some  point  on 
the  horizontal  Y  =  1  because  there  H/Ho  =  1,  at  least 
with  a  large  reservoir,  and  if  there  is  no  friction  in  the  line. 
Evidently  the  conditions  at  the  gate  are  always  shown  on  a 
parabola  of  the  kind  described  and  drawn  with  a  suitable 
value  of  E. 

Gate  Closure 

Proceeding  now  with  the  problem,  the  location  of  all 
points  A,  showing  conditions  at  the  gate  end  of  the  pipe, 
and  of  all  points  C  showing  those  at  the  reservoir  end, 
may  be  effected  by  using  equations  (19)  and  (20).  Each 
point  on  Fig.  6  and  all  following  diagrams  is  marked  with 
a  letter  and  a  figure,  the  first  corresponding  to  the  point 
being  considered,  and  the  latter  to  the  time  after  gate 
movement  begins,  at  which  the  events  at  that  point  occur. 
Evidently  points  ^o  and  C  .8  are  at  v  =  vo,  H  =  Ho, 
because  conditions  at  the  reservoir  end  are  not  changed 
until  0.8  second  later  than  at  the  gate  end.  The  equations 
may  then  be  written 

F^i.6  -  Yes    =  -  2  p  (Xai.6  -  Xcs) (20) 

Yc2A  -  Yai3=  +2p  (Xc2.4  "  Xai.g) (19) 

Ya3.2  —    Yc2A   =    —  2  p  {Xa3.2  —   Xc2.i) (20) 

Yc4.o  -  Ya3.2  =  +  2  P  (Xc4.0  -  Xaz.2) (19) 

In  this  way  the  points  A  and  C  at  the  beginning  and  end 
of  each  interval  are  determined  and  are  shown  on  the  upper 


diagram  in  Fig.  6.  The  drawing  corresponds  to  the  initial 
velocity  i^o  =  8  feet  per  second,  which  gives  p  =  1.125.  All 
points  C  are  on  the  line  7=1,  since  friction  is  being 
neglected. 

Suppose  now  that  it  is  desired  to  find  the  pressure  at 
a  point  B  located  0.25  I  feet  from  A,  then  the  time  required 
for  the  pressure  wave  to  travel  from  A  to  i?  is  0.2  second, 
and  from  i?  to  C  is  0.6  second,  so  that  Ao,  B  0.2  and  C  0.8 
are  all  located  at  one  point.  The  line  A  1.6  C  0.8  has 
already  been  located,  and  it  is  readily  observed  that  A  0.4, 
A  0.8,  A  1.2  are  at  the  intersection  of  the  parabolas  E  = 
.9,  .8,  .7  with  this  line.  Further,  the  point  i?  1.4  coincides 
with  A  1.2  because 

Yai.6  —  Ybia  =  —  2  p  (Xai.6  —  Xbia) (20) 

Ybia  -  Yai.2=  +2p  {Xbia  -  Xai.2) (19) 

The  first  of  these  lines  coincides  with  A  1.6,  A  1.2  and 
the  second  is  a  line  through  A  1.2  at  slope  -|-  2  p,  so  that 
B  1.4  coincides  with  A  1.2  and  B  .6  and  B  1.0  are  located 
as  shown. 
Again 

Yci.2  -  Yb.6  =  +  2  p  iXci.2  -  Xb.6) (22) 

(this  gives  C  1.2) 
and 

Ybi.8  —  Yci.2  =  —  2  p  {Xbi.8  —  Xci.2) (21) 

Ybi.s  —  Yais  =  +  2  p  (Xbi.8  —  Xai.6) (19) 

(this  gives  B  1.8) 
This  process  may  be  continued  for  all  points. 

The  pressure  diagram  on  a  time  base  is  also  given  in 
Fig.  6. 

Gate  Opening  From  Closed  Gate 

If  the  problem  is  to  determine  the  drop  in  pressure  due 
to  quick  opening  of  the  gate,  the  method  is  exactly  similar 


5e,oom^9   c>/£er  c^/osure.   h&g/rts 

Fig.  6 — Gate  Closure  in  4  sec. 
2lla  =  1.6  sec.         p  =  1.125. 

to  the  foregoing.  Suppose,  for  example,  that  a  pipe  with 
o  =  3,400  feet  per  second  has  a  gate  on  the  end  of  it  that 
is  quickly  opened.  The  initial  head  Ho  =  317  feet,  the  final 
steady  velocity  for  full  gate  is  6  feet  per  second,  and  the 
pipe  is  3,400  feet  long;  it  is  assumed  that  the  gate  is  fully 
opened  in  T  =  4  seconds  in  such  a  way  that  the  effective 
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valve   area   increases    uniformly    with    time.      Evidently 

aT 
2  l/a  =  2  seconds  and  ^  =  2  intervals, 


also 


P  = 


3400  X  6 


=  1     Friction  is  neglected. 


2  X  32.2  X  317 

Evidently  this  diagram  (Fig.  7)  starts  at  the  top  left 
corner,  since  f  =  0  when  H  =  Ho  just  before  gate  move- 
ment begins.  This  problem  will  be  worked  out  with  ten 
equal  gate  movements,  so  that  there  are  ten  parabolas  with 
£  =  .1,  .2,  .3  ...  1.0  drawn  as  shown  on  Fig.  7.  Through 
the  point  A  o  the  line  AqA^  is  drawn  to  rep- 
resent equation  (20),  the  tangent  to  its 
slope  being  —  2  p,  then  the  points  A  .4, 
A  .8,  A  1.2,  A  1.6  and  A  2  give  the  pres- 
sure and  velocity  at  A  at  1/10,  2/10,  3/10, 
etc.  of  T,  i.e.  at  0.4,  0.8,  1.2  ..  .  seconds 
after  opening  begins.  The  line  A  2-C  3 
representing  equation  (19)  gives  the  velocity 
at  the  reservoir  end  at  1.5  intervals  after 
opening  begins,  and  finally  equation  (20) 
represented  by  the  line  C  S-A  4  gives  the 
point  A  4  corresponding  to  the  pressure 
and  velocity  at  the  instant  the  gate  is  fully 
open. 

At    the    four-tenths   of  the  intervals 
the  conditions  at  the  gate  are  represented 
by    A  .8,    A  2.8,    and    so    on    for    other    points.      The 
pressure  diagram  on  a  time  base  is  also  plotted  at  the 
right    of    Fig.   7.      It   is   to   be  noted   that   the   pressure 
oscillations  do  not  cease  the  instant  the  gate  is  fully  open, 
but  their  actual  values  may  be  found  by  continuing  the 
construction  already  described,  only  that  now  all  points 
corresponding  to  the  pressure  at  the  gate  end  must  be  on 
the  parabola  E  =  1,  since  the  gate  is  fixed.    The  pressures 
quickly  die  out  as  would  be  found  from  the  diagram. 
Gate  Opening  From  Part  Gate 

If  the  gate  is  partly  open  under  steady  flow  and  is 
then  quickly  moved  to  the  wide  open  position,  the  pressure 
and  velocity  changes  are  found  in  a  similar  way  to  the 
preceding  case.  For  example,  a  pipe  (a  =  3,470  feet  per 
second)  working  at  normal  static  head  of  90  feet,  is  dis- 
charging with  a  velocity  of  2  feet  per  second  with  partly  open 
gate,  it  is  required  to  find  the  velocity  and  pressure  changes 
at  the  gate  when  the  latter  is  opened  at  uniform  rate  so 
as  to  produce  a  final  steady  pipe  velocity  of  5  feet  per 

a/ter  opening  hey/ts 


and  velocities  at  both  the  middle  and  the  ends  of  the 
intervals  are  easily  found.  The  slopes  of  all  the  lines  have 
tangents  -|-  6  or  —  (3  and  the  construction  needs  but  brief 
explanation.  For  the  first  interval  the  pressure  and  velocity 
may  be  scaled  off,  at  the  middle  and  end  of  it,  from  points 
A  1.5  and  A  3,  whereas  A  4.5  and  A  6  give  the  correspond- 
ing values  for  the  second  interval,  and  A  7.5  and  A  9  for 
the  third,  the  pressure  falling  to  A  9  =  .55  i/o  at  the 
instant  gate  movement  stops,  and  the  velocity  at  this 
instant  is  0.75  X  5  =  3.75  feet  per  second.     If  the  gate 


(tar    o/!ie./€iftg  lie^ixt 


O/b&rcin^  from  ^/to  to  full  gate  tn  ^sec. 
Fig.  8 


M^h 


ee. 


7(^>'^&<^ 


Gate  Opening  from  Part  to  Full  Gate. 

p  =  3        2  Ija  =  3  sec. 


O/aa/tm^  from  cloied  to  full  ^ate.  »i-4sec  -  Z(^}jec. 


Fig.  7 — Gate  Opening. 

p  =  1        2  l/a  =  2  sec. 

second.    (Effective  gate  area  is  2.5  times  the  original).    Let 
the  movement  of  the  gate  take  place  in  three  intervals  of 

(2l\ 
—  j  =  9  seconds.     The  data  give 

p  =  3. 

The  diagram  for  this  case  is  shown  in  Fig.  8.  The 
initial  parabola  is  drawn  for  E  =  .4  and  a  series  of  parabolas 
are  drawn  for  E  =  .5,  .6,  .7,  .8,  .9,  1.0,  from  which  pressures 


remains  in  this  fixed  position  then  the  lines  following  A  9 
give  the  pressure  and  velocity  changes  until  the  final  steady 
position  v/va  =  1  and  H/Hq  =  1  is  reached.  The  pressure 
diagram  for  9  seconds  only,  is  given  at  the  right  of  Fig.  8, 

A  rather  interesting  example  is  shown  in  Fig.  9,  which 
corresponds  to  the  case  where  a  valve,  originally  closed,  is 
opened  in  one  interval  of  2  l/a  =  3  seconds,  and  then 
closed  again  in  the  same  time.  In  this  case,  one  starts 
at  the  point  v  =  0  and  H  =  Ho  and  the  first  opening 
movement  is  represented  by  a  line  AqAs  with  slope  of 
tangent  —  2  p,  this  line  terminatir^ig  on^the  parabola  E  =  1. 
This  line  is  .followed  by  another  sloping  at  -f  2  p  and 
terminating  on  the  line  H  =  Ho  at  C  —  4.5,  representing 
equation  (19),  which  gives  the  condition  at  the  reservoir 
at  the  end  of  4.5  seconds.  By  drawing  the  line  C  4.5  A  6, 
the  pressure  at  final  closure  is  obtained  on  the  line  v  =  0. 
If  it  is  desired  to  get  the  oscillation  of  pressure  following 
closure,  the  construction  is  continued  about  the  vertical 
through  V  =  0. 

The  figure  shows  two  cases,  each  with  2  l/a  =  3,  the 
left  hand  diagram  employing  a  large  value  of  p  =  1.9  and 
the  right  hand  one  a  much  smaller  value  of  p  =  0.25.  The 
parabola  E  =  .5  enables  the  pressures  and  velocities  at  the 
middle  of  each  interval  to  be  drawn.  For  the  large  value 
of  p  (low  head)  the  peculiar  case  results  of  the  pressure 
after  closure  exceeding  that  at  the  time  of  closure. 

Resonance 

It  may  happen  that  if  a  governor  lacks  stability  it 
will  swing  the  gates  to  and  fro,  "hunting"  for  a  position 
where  the  gate  should  finally  remain.  If  the  governor 
causes  each  inward  swing  and  each  outward  swing  to  take 
place  in  2  l/a  seconds,  then  a  condition  of  resonance  is  set 
up,  and  in  an  unfavourable  case  very  high  pressures  may 
result.  This  problem  is  very  easily  examined  by  the 
graphical  construction  already  described. 

Suppose  that  a  plant  has  a  riveted  steel  penstock 
1,765  feet  long,  with  a  velocity  of  4  feet  per  second,  at  full 
gate  under  a  head  of  73  feet.  Let  a  =  3,530  feet  per  second. 
+1..^  3530  X  4        _       ,^,,         1765X2       , 

*^'^  '  =  64.32  X  73  =  3  and  2  l/a  =      3^3^      =  1  second. 

Now  suppose  the  governor  is  so  adjusted  as  to  completely 
close  the  gates  in  3  seconds,  or  three  intervals  for  the  pipe, 
and  let  this  plant  be  running  at  full  load,  followed  by  a 
sudden  rejection  of  part  load  which  is  sufficient  to  start  the 
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Fig.  9 — Gate  Opening  Followed  by  Closure,  each  requiring  2  //a  sec. 


governor,  and  with  it  the  gates,  to  swing  repeatedly  between 
full  gate  and  2/3  gate,  the  time  of  movement  in  each  case 
being  one  interval  of  one  second.  The  diagram  for  this  case 
is  shown  on  the  upper  part  of  Fig.  10,  and  evidently  the 
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Fig.  10 — Resonance  Effect  due  to  Continual  Swinging  of  Gate 
between  part  and  full  opening,  each  Swing  taking  2  Ija  sec. 


two  parabolas  E  =  I  and  E  =  0.67  will  give  the  limiting 
positions  of  the  pressure  lines. 

Since  the  first  movement  is  from  full  open  gate,  the 
first  pressure  hne  starts  at  Ao  (upper  diagram  in  Fig.  10) 
and  slopes  upward  so  that  its  tangent  is  —  2  p  =  —  6  and 
the  pressure  at  the  end  of  the  first  closing  movement  is 
H/Ho  =  1.734,  the  velocity  being  0.88  vo  =  3.52  feet  per 
second.  The  construction  shows  that  at  the  first  opening 
movement  following,  the  pressure  falls  to  0.66  Ho  and  at 
the  ends  of  the  successive  movements  the  pressures  are 
1.44,  0.62,  1.39,  0.616  times  Ho,  or  the  pressure  surge  is 
gradually  dying  out,  as  is  clearly  indicated  on  the  pressure 
diagram  shown  (top  figure). 

If,  however,  this  same  governor  is  used  on  a  pipe  of 
exactly  similar  dimensions  but  with  an  initial  head  of 
12  X  73  =  876  feet,  then  p  =  0.25  and  the  result  is  shown 
on  the  lower  diagram  of  Fig.  10,  which  indicates  that  the 
pressure  surge  is  continually  increasing  and  must  in  time 
become  very  dangerous,  although  for  the  swings  illustrated 
it  has  not  reached  the  value  shown  in  the  upper  case  in  the 
first  movement.  Whether  the  resonance  effect  is  dangerous 
or  not,  clearly  depends  largely  on  the  value  of  p,  all  other 
conditions  remaining  unchanged. 

Simple  Subge  Tank 

A  further  illustration  of  the  use  of  this  method  is 
given  in  the  simple  surge  tank.  The  case  solved  in  Fig.  11 
is  that  of  a  plant  with  3,400  feet  of  48-inch  pipe  with  a 
surge  tank  12  feet  diameter,  and  a  full-load  pipe  velocity 
of  9  feet  per  second.  The  static  head  on  the  plant  is  200 
feet,  and  it  is  desired  to  plot  the  surge  tank  levels  resulting 
from  a  sudden  reduction  of  load  to  1,000  h.p.  These  levels 
are  determined  if  the  pressures  at  A,  the  surge  tank  end  of 
the  conduit  are  known;  C  is  at  the  reservoir  end.  The 
value  of  a  will  be  taken  as  3,400  feet  per  second,  so  that 
2  l/a  =  2  seconds,  and  friction  will  be  considered  in  this 
case. 

Equation  (8)  is  suitable  for  this  problem  and  is  best 
written 

Hn  +  Hn-l  Tj  1     fl  {Vn-1   —  V„\  ,q. 

2 "'=  ^9\~^ ) ^  ^ 

where  //„  and  Hn-i  are  the  heads  at  the  nth  and  the 
(n  —  l)th  intervals,  respectively.  The  axes  for  plotting  are 
the  velocity  v  in  the  conduit  and  the  rise  in  tank  level, 
which  also  gives,  on  the  same  axis,  the  head  H.   By  any  of 
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the  ordinary  methods  the  hydrauHc  gradient  may  be  drawn,  and   by  drawing  the  Hne  C  37-A  38  at    a    slope    with    a 

which  shows  the  level  in  the  tank  corresponding  to  each  tangent   —  a/g  =  —  105.7  and  locating  A  38  at  0.60  foot 

steady  velocity  in  the  48-inch  pipe,  and  it  is  quite  easy  above  A  36  gives  the  level  at  A  38  at  the  19th  interval,  or 
also  to  plot  a  curve  of  demand  velocity  u  in  this  pipe  for  /2l\ 

1,000  h.p.  at  each  head,  suitable  assumptions  being  made  ^^("^j^  ^^  seconds  after  the  load  rejection.    Drawing  the 

as  to  the  turbine  efficiency.    These  two  curves  are  shown  ^-^^  ^  gg.^  39  ^-^^  ^^^^^  ^  105  7  l^^^^^gg  p^j^^  ^  39  ^^  ^^e 

m  thehguie.  ■,     xi      x     u        end  of  the  19th  interval,  and  the  velocities  at  the  end  of 

In  this  case  the   pressure  Imes  are  evidently  to   be 

drawn  so  that  their  tangents   are    ±  -  =   ±105.7. 

construction  throughout  is  the  same,  but  that  at  the  19th 
interval  has  been  selected  for  illustration. 
Equation  (8)  for  this  interval  is 

Ha38  +  Ha36  rr  .      O   /V36   —   I'SsX 

2 "'''  =  +  g  \~~2~  ) 

The  point  A  36  represents  I'ae  and  scales  7.223  feet  per 
second,  also  the  surge  tank  level  at  the  end  of  36  seconds, 
or  of  the  18th  interval,  is  at  A  36,  and  by  scale  from  the 
drawing  //a36  =  194.88  feet.  The  Ho  for  this  interval 
corresponds  to  the  value  of  C  37  and  is  187.09  feet. 

But  in  addition  to  equation  (8)  there  is  another  equa- 
tion which  may  be  written 

Ap  {v  —  u)  dt  =  At  X  rise  in  tank  in 
time  dt  second 
where  Ap  and  At  are,  respectively,  the  areas 
of  the  pipe  and  tank.     Since  8t  =  2  l/a  =  2 
seconds,    the  rise  in  the  tank   level    in   one 
interval  is  evidently  Hn  —  H„-i  so  that 

Ap  {v  -  u)  bt  =  At  {Hn  -  Hn-i) 
or,  since  the  surge  tank  area  is  9  times  that 

of  the  pipe 

9 
?;  —  M  =  2  (Hn  —  Hn-l) 

The  drawing  shows  how  //„  —  //„_i  may 
be  read  off  directly  on  a  specially  made  card- 
board scale,  where  9  inches  on  the  special  scale 
corresponds  to  2  inches  on  the  velocity  scale. 
Scaling  from  the  diagram 
2 
(1^36  -  wse)  X  5  =  0.60  feet 


so  that 


i/38  -  i^36  =  0.60  feet 


Fig.  12 — Discharge  Valve  Closed  with  Pump  Running  up  to  Speed. 

a  =  3,220  ft.  sec.  2  Ija  =  3.8  sec. 

the  18th  and  19th  intervals  are  found  by  scaling  the  posi- 
tions of  A  36  and  A  38,  respectively,  from  which  ?'36  =  7.223 
feet  per   second   and   1^38  =  7.07  feet  per  second.     These 


I  I  I  I  1  I  I  I  M  M  I  I  I  I  I  I  I  I  I  I  I  I  I  I  i  I  I 


3pec/a/  Jca/e    for  -^  ~ ^  -/ 


I  1 1  h I  I  ir  r  1 1 


I  I  I  I  11  I  I  I  11  I  M 


Xf  =       Conduit     Yclocity      ^^t.f:rar  sec- 
Fig.  11— Simple  Surge  Tank  12  ft.  dia.  at  the  end  of  3,400  ft.  of  48  in.  pipe. 

Ho  =  200  feet.  vo  =  9  ft.  sec.  a  =  3,400  ft.  sec. 


ZF^ 


80 


THE     ENGINEERING     JOURNAL 


February,  1935 


results  are  easily  checked  by  the  use  of  equation  (8)  which 
gives 

195.48  +  194.88  _  ^^^^  _  ^^  ,^^, 

Li 

and  also 

-- (t^38-t'36)  =  -  105.7  (^-""""J-^^-)  =  8.09  feet, 

as  before. 

By  carrying  on  this  process  throughout  it  is  easy  to 
find  the  change  of  level  and  the  change  of  velocity  in  each 
interval  of  2  Ija  =  2  seconds,  and  from  these  to  plot  a 
curve  of  th6  tank  level  and  the  pipe  velocity  variation. 
The  whole  process  is  executed  very  simply  by  the  graphical 
process  exclusively.  The  process  could  be  used  with  the 
differential  tank  and  probably  with  much  less  chance  of 
error  than. Jay  the  arithmetic  integration  method. 

This  solution  is  the  same  as  that  already  used  although 
slightly  different  in  appearance.  Equations  (13)  and  (16), 
when  applied  to  this  case  in  which  2  Ija  =  2  seconds  give :- — 

Ha36  —  Hc35    = (z/A  36  —  2'C  35) (16) 

Hc37  —  Ha36   =    +  -{VC37-VA36) (13) 

Ha38  —  Hc37   = (va3S-VC37) (16) 

The  difference  in  the  heights  of  Ha  36  and  Ha  38  is 
found  as  in  the  other  case.  The  diagram  is  too  cramped  to 
show  all  the  points,  but  a  few  of  them  have  been  marked 
according  to  the  notation  of  the  above  equations. 


a/i€^  Cloture   t>Cf"ti 
Time.     &99e 


Fig.  13 — Gate  Closure  according  to  Curve  Shown  in  4  sec. 

2  //a  =  1.6  .sec.       p  =  1.125      Pipe  Friction  allowed  for  (see  Fig.  6). 

Pump  Discharge  Lines 
Of  recent  years  the  very  common  practice  of  driving 
centrifugal  pumps  with  electric  motors  has  produced  a 
water  han.nor  pi-oblem  of  no  small  importance,  because, 
through  failure  of  power  supply  or  other  cause,  the  current 
to  the  motor  may  be  suddenly  cut  off,  and  unless  special 
precautions  are  taken,  the  stopping  of  the  return  flow  of 


the  water  may  produce  disastrous  results.  Pump  discharge 
lines  are  always  provided  with  a  gate  or  check  valve  near 
the  pump,  and  unless  it  is  properly  adjusted  and  operated 
the  pressure  rise  may  be  very  great;  for  example,  if  the 
check  valve  is  mechanically  closed  and  held  in  that  position 
immediately  after  the  power  fails,  then  the  outward  flow 
of  the  water  will  continue  for  a  brief  interval,  causing  a 
vacuum  on  the  pipe  side  of  the  valve,  and  when  the  return 
column  again  reaches  the  closed  valve  the  pressure  may 
rise  to  about  four  times  the  normal  value. 

The  magnitude  of  this  water  hammer  depends  not 
only  on  the  type  of  check  valve  used  but  also  on  the 
construction  of  the  pump  itself;  if  the  rotating  elements 
in  the  motor  and  pump  have  a  small  moment  of  inertia 
the  pump  may  stop  almost  instantly  and,  indeed,  it  may 
actually  reverse,  running  as  a  turbine,  before  the  check 
valve  stops  the  return  flow.  In  this  paper  it  is  not  possible 
to  do  more  than  suggest  the  method  of  solution  of  some 
problems  that  arise  in  this  connection. 

The  first  case  examined  will  be  the  determination  of 
the  pressure  changes  produced  in  a  pipe  line  by  closing 
the  pump  discharge  valve,  while  the  pump  is  still  running 
up  to  speed.  To  take  a  definite  case,  let  a  pump  with  a 
known  characteristic  curve  be  discharging  into  a  pipe  line 
6,120  feet  long  with  a  value  of  a  =  3,220  feet  per  second, 
and  let  the  gate  valve  on  the  discharge  side  of  the  pump 
be  closed  in  15.2  seconds  in  such  a  way  as  to  lower  the  disc 
in  the  valve  at  a  uniform  rate.  Evidently  for  the  pipe, 
2  Ija  —  3.8  seconds,  so  that  complete  closure  is  effected  in 
four  intervals.  Experiments  on  the  loss  of  head  in  the 
valve  in  terms  of  the  pipe  velocity  give  the  loss  curve 
shown  at  the  right  of  Fig.  12,  the  base  line  of  which  repre- 
sents the  position  of  the  valve  disc,  and,  from  the  assump- 
tion as  to  closing,  represents  also  times  in  seconds,  or  in 
intervals  of  2 11  a.  On  Fig.  12  the  characteristic  head 
discharge  curve  of  the  pump  is  drawn,  and  beneath  this 
is  a  series  of  curves  showing  the  pressures  on  the  pipe  side 
of  the  valve  corresponding  to  each  gate  position,  or  more 
conveniently  to  each  interval  of  3.8  seconds  during  closing. 
The  numbers  on  these  curves  correspond  to  those  on  the 
resistance  diagram  on  the  right,  and  data  for  them  are 
taken  from  the*  resistance  curve. 

For  this  case  equations  (13)  and  (16)  may  be  written 
in  the  form 

Hci  —  Hai  1  =  +  -  ivci  —  vai  i) 


Hai 


vcti) 


Hct  1    = (VAt 

g 

Friction  in  the  pipe  line  will  be  neglected,  so  that  the 
pressure  at  the  pump  end  corresponding  to  the  reservoir 
level  is  300  feet,  and  further,  since  2  l/a  =  3.8  seconds  the 
value  of  t  —  ti  =  1.9  seconds.     For  the  first  few  points 

Ha  3.8  —  He  1.9  =   —  -(va3.8  —  vci.q) 

g 

Hc5.7  —   Ha3.8   =    +-(fC5.7  —   Va3.8) 
Ha7.6  —   Hc5.7   = (va7.6  —   Vc  5.7) 

g 

The  points  A  3.8,  A  7.6,  A  11.4,  C  1.9,  C  5.7,  C  9.5,  are 
shown  on  the  figure,  and  the  explanation  given  for  former 
cases  suffices  for  this  one. 

The  diagram  shows  quite  clearly  that  this  method  of 
operating  the  valve  is  very  bad,  because  the  line  C  13.3- 
A  15.2  should  end  on  the  line  ?;  =  0  for  the  closed  valve. 
It  is,  however,  unable  to  do  so,  because  a  perfect  vacuum 
exists  at  A  15.2,  and  yet  there  is  a  velocity  of  3.86  feet  per 
second  toward  the  reservoir,  so  that  an  empty  space  will 
form  on  the  reservoir  side  of  the  valve  and  the  pressure 
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will  remain  at  absolute  zero  during  the  whole  of  this 
3.8-second  interval,  since  the  changes  of  pressure  are 
assumed  instantaneous  at  the  beginning  of  each  interval. 
At  the  end  of  the  interval  the  flow  of  water  will  reverse  in 
direction,  and  when  the  whole  column  strikes  the  valve  the 
flow  will  be  suddenly  stopped  because  the  valve  is  closed. 
At  the  next  (fifth)  interval  the  pressure  and  velocity 
are  represented  at  A  19  where  the  velocity  toward  the 
pump  is  2.82  feet  per  second,  but  at  this  point  the  empty 
space  behind  the  valve  has  not  been  filled  because  its 
original  volume  was 

3.86  (— )  Ap  =  3.86  X  3.8  Ap  =  14.7  Ap  cubic  feet, 

where  Ap  is  the  pipe  area  in  square  feet,  and  the  volume 
put  back  into  it  in  this  interval  is  only 

2.82  X  3.8  Ap  =  10.7  Ap  cubic  feet. 

In  the  next  interval  the  pressure  and  velocity  correspond 
to  A  19.42  which  shows  a  negative  velocity  (toward  the 
gate)   of  9.50  feet  per  second.    The  space  will  then  be 

completely  filled  in  '■ —        .  ' =  0.42  second  after 

point  A  19  is  reached. 

Since  at  the  instant  the  water  is  stopped  it  has  a 
velocity  of  9.50  feet  per  second,  the  pressure  rise  will  be 

9.50 1  -  )  =  950  feet  above  absolute  zero,  or  a  gauge  pres- 
sure rise  to  950  —  34  =  916  feet,  as  shown  in  Fig.  12. 
The  pressure  due  to  water  hammer  in  this  case  is  thus 
3.05  times  the  normal  operating  pressure,  and  in  the  next 
interval  the  pressure  reaches  its  maximum  of  1.584  feet. 

In  this  case  friction  has  been  neglected,  but  may  easily 
be  taken  into  account.  Suppose  the  loss  in  the  line  at  full 
draught  is  60  feet  then  the  friction  line  corresponding  to  this 
loss  is  drawn,  with  a  dot  and  dash  curve,  below  the  horizon- 
tal line  through  the  normal  operating  point  Aq  where 
i?o  =  300  feet.  This  friction  line  may  then  be  used  as  the 
locus  of  all  points  C,  since  the  effect  of  friction  is  practically 
to  lower  the  reservoir,  as  the  velocity  decreases.  The 
construction  for  this  case  is  easily  drawn,  but  has  been 
omitted  to  avoid  confusion  of  the  figure,  but  it  will,  of 
course,  show  a  lower  pressure  rise. 

A  much  better  method  of  operation  would  be  to  close 
the  valve  in  the  first  interval  of  3.8  seconds,  to  correspond 
to  the  curve  5,  this  being  the  resistance  curve  corresponding 
to  3.67/4  =  92  per  cent  of  complete  closure.  The  pressure 
will  then  fall  to  e  and  if  in  the  next  interval  the  gate  reaches 
the  position  where  the  loss  through  it  corresponds  to  curve 
6  the  pressure  will  fall  to  /,  and  closure  may  be  completed 
in  the  next  interval  with  a  final  fall  in  pressure  to  g  of  92 
feet,  or  a  drop  of  208  feet  below  normal  pressure.  In  this 
case  the  pressure  will  oscillate  208  feet  above  and  below 
normal  pressure  till  the  wave  dies  out  through  friction. 
This  case  is  also  shown  in  dotted  lines  in  Fig.  12,  no  allow- 
ance being  made  for  friction  in  the  pipe  line. 

Effect  of  Friction 

While  it  is  not  difficult  to  include  friction,  it  has 
been  neglected  in  this  paper  in  most  cases  except  that  of 
the  surge  tank;  the  example  there,  however,  shows  how 
it  may  be  allowed  for.  Care  must  be  taken  to  make  a 
proper  distinction  between  flows  to  and  from  the  reservoir, 
because  friction  acts  in  opposite  ways  in  the  two  cases. 
Only  one  further  illustration  will  be  given  on  this  point. 

If  it  were  desired  to  solve  the  same  problem  as  in 
Fig.  6,  but  considering  friction  in  the  pipe  line,  the  solu- 
tion would  be  modified.  Friction  in  the  line  produces,  in 
this  case,  an  effect  similar  to  the  gradual  raising  of  the 
reservoir  level  as  the  flow  decreases,  and  hence  the  former 


construction  may  be  used,  if  instead  of  using  a  horizontal 
line  to  represent  reservoir  levels,  a  curved  line  is  used, 
such  that  its  distance  below  the  horizontal,  at  any  velocity, 
represents  the  loss  of  head  at  that  velocity. 

The  case  shown  in  Fig.  13  uses  the  same  data  as  on 
Fig.  6,  but  friction  has  been  considered  and  also  the  rate 
of  gate  closure,  instead  of  being  uniform,  is  variable,  as 
shown  on  the  right  hand  diagram  of  Fig.  13.  The  friction 
line  OC  represents  the  substituted  changing  reservoir  level, 
the  vertical  distance  to  the  horizontal  line  at  any  point 
representing,  for  the  corresponding  velocity,  the  loss  of 
head  divided  by  Ha.  This  distance  may  be  calculated  by 
the  formula 

1  ^     I        Vo^       (  —  V 

\  Va) 


■'    d    2g   Ho        -^     d    2gHo 


where  /  is  the  friction  factor  and  d  the  pipe  diameter. 
If  this  curved  base  is  used  instead  of  the  horizontal  one, 
the  resulting  pressures  will  be  those  that  would  result  if 
friction  is  considered.  The  complete  solution  is  shown  and 
should  need  no  explanation. 

Conclusion 

While  the  problems  solved  here  as  illustrations  have 
not,  so  far  as  the  author  knows,  appeared  elsewhere,  at 
least  not  in  English,  yet  the  theory  used  has  been  developed 
in  Europe  and  has  been  briefly  mentioned  in  the  recent 
Water  Hammer  Symposium  of  the  American  Society  of 
Mechanical  Engineers. 

It  is  a  pleasure  to  acknowledge  the  help  received  from 
the  excellent  papers  of  Dr.  O.  Schnyder(^)  of  Switzerland, 
particularly  that  entitled  "Uber  Druckstosse  in  Rohrlei- 
tungen,"  appearing  in  Wasserkraft  und  Wasserwirtschaft 
in  March  1932.  .Dr.  Schnyder  has  devised  some  elegant 
solutions  to  such  problems  as  those  under  consideration. 
A  valuable  paper  by  Professor  L.  BergeronC^)  on  "Variations 
de  regime  dans  les  conduites  d'eau"  appeared  in  the 
Proceedings  of  the  Society  Hydrotechnique  de  France  1932. 
The  author  is  also  greatly  indebted  to  the  paper  by  A.  W. 
K.  Billings(*)  and  others  on  "High  Head  Penstock  Design," 
presented  to  American  Society  of  Mechanical  Engineers 
last  year;  the  application  of  the  method  explained  here 
to  a  pipe  of  varying  diameter  is  given  in  that  paper.  Ref- 
erence may  also  be  made  to  the  work  of  Dr.  L.  Loewy.(') 
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Report  of  Council  for  the  Year  1934 


Last  year  the  report  of  Council  drew  attention  to  the 
improvement  in  business  activity  which  had  become 
manifest  towards  the  end  of  the  year.  During  the  twelve 
months  which  have  elapsed  since  then  the  anticipated 
progress  has  continued,  although  not  so  vigorously  as  could 
be  wished.  Industrial  statistics  now  available  continue 
to  show  an  upward  trend,  and  it  is  encouraging  to  note  that 
the  number  of  members  of  The  Institute  known  to  be 
unemployed  has  been  reduced  since  this  time  last  year. 

During  the  year  a  considerable  number  of  members 
have  found  it  necessary  to  ask  to  be  carried  on  the  non- 
active  list,  and  the  decrease  in  the  number  of  members  on 
the  roll  of  The  Institute  is  largely  due  to  this  cause.  There 
is,  however,  encouragement  in  the  fact  that  the  number 
of  applications  for  admission  shows  a  substantial  increase 
over  1933,  and  that  applications  are  beginning  to  come  in 
from  members  who  are  on  the  non-active  list,  and  who 
desire  to  resume  their  active  connection  with  The  Institute. 

From  the  Finance  Committee's  report  it  will  be  noted 
that  the  income  and  expenditure  for  1934  have  agreed 
closely  with  the  budget.  The  Council  realizes  that  this 
desirable  result  is  largely  due  to  the  careful  control  of 
expenditure  exercised  by  the  Finance  Committee  and  to  the 
painstaking  and  thorough  study  of  our  financial  condition 
made  at  the  beginning  of  the  year. 

The  Council  also  desires  to  express  appreciation  of 
the  way  in  which  the  members  of  The  Institute  have 
responded  to  requests  to  reduce  the  arrears  of  outstanding 
dues.  It  must  be  realized  that  as  long  as  any  considerable 
number  of  members  remain  on  the  non-active  list,  services 
to  members  may  have  to  be  curtailed,  while  any  increase 
in  such  service  will  be  impossible. 

In  order  to  lighten  the  initial  cost  of  joining  The 
Institute  during  these  difficult  times,  your  Council  has 
deemed  it  advisable  to  keep  in  force,  for  the  coming  year, 
the  reduction  of  the  entrance  fee  to  $5.00  for  all  classes 
of  membership.  This  was  put  into  effect  last  year  and  the 
Annual  Meeting  will  be  asked  to  approve  Council's  action. 

The  number  of  our  members  engaged  in  the  work  of 
the  Relief  Camps  of  the  Department  of  National  Defence 
is  now  decreasing,  and  as  there  have  been  many  csLses  in 
which  our  members  were  aided  and  relieved  by  the  Depart- 
ment's action  in  making  employment  in  these  camps 
available  to  them,  it  is  fitting  that  the  Council  should  here 
record  the  indebtedness  of  The  Institute  to  the  Department 
and  to  Major-General  A.  G.  L.  McNaughton,  c.b.,  m.e.i.c, 
for  all  that  has  been  accomplished  in  furnishing  relief  by 
acceptable  employment  to  so  many  members  in  their  time 
of  need. 

During  the  past  year  the  officers  of  The  Institute  have 
spoken  and  corresponded  with  Ministers  of  the  Crown 
regarding  the  difficulties  which  are  now  being  experienced 
by  young  engineering  graduates  in  finding  work  of  a  kind 
that  will  give  them  professional  experience.  Although  the 
Ministers  gave  no  promises  their  replies  were  sympathetic. 

In  this  connection  Council  has  noted  with  regret  the 
many  cases  in  which  recent  graduates  have  not  been  able 
to  secure  employment  which  will  allow  them  to  apply 
instead  of  lose  their  university  training.  Council  would 
draw  attention  to  the  increasing  number  of  po.sitions  in 
connection  with  the  works  of  our  manufacturing  or  fabrica- 
ting industries  in  which  technically  trained  graduates,  who 
have  acquired  the  necessary  practical  experience  in  con- 
struction or  workshop  methods,  can  now  find  openings. 
These  give  opportunities  different,  perhaps,  from  those 
arising  in  the  older  paths  of  engineering  employment,  but 
which  nevertheless  enable  the  young  engineers  to  utilize 
their  professional  training  to  great  advantage. 


An  encouraging  feature  of  recent  Institute  activities 
has  been  the  effective  work  done  by  the  Junior  Sections 
of  several  of  our  branches.  These  have  organized  and  held 
many  well  attended  section  meetings,  at  which  worth-while 
papers  have  been  presented  and  discussed  by  Juniors  and 
Students  of  The  Institute.  The  Peterborough  and  Mont- 
real Branches  have  been  particularly  successful  in  this 
respect,  and  the  Council  feels  that  their  efforts  may  with 
advantage  be  emulated  by  an  increasing  number  of  other 
branches. 

The  proposed  new  by-laws  drafted  last  year,  and 
adopted  at  the  Sixth  Plenary  Meeting  of  Council  in  Oc- 
tober 1933,  were  duly  discussed  at  the  Annual  Meeting  of 
1934  before  being  sent  out  to  ballot.  The  proposals  failed 
to  carry,  for  although  the  affirmative  votes  numbered  505 
and  the  adverse  votes  289,  24  affirmative  votes  were  lack- 
ing to  reach  the  necessary  two-thirds  majority.  The  sug- 
gestion has  been  made  that,  without  re-opening  the  whole 
question,  it  may  be  advisable  to  put  forward  again  those  of 
the  proposals  whose  adoption  would  tend  to  improve  the 
routine  and  administrative  conduct  of  affairs  of  The 
In.stitute,  leaving  controversial  matters  until  more  unanim- 
ity is  evidenced. 

Your  Council  has  not  been  advised  that  any  further 
progress  has  been  made  by  the  Associations'  Committee  of 
Eight  in  regard  to  the  co-ordination  of  the  activities  of  the 
eight  Associations  of  Professional  Engineers.  In  the  mean- 
time an  effort  has  been  made  in  Manitoba  towards  co- 
operation between  the  Winnipeg  Branch  of  The  Institute 
(whose  territory  includes  the  whole  of  Manitoba)  and 
the  Association  of  Professional  Engineers  of  Manitoba. 
As  a  result  the  Winnipeg  Branch  requested  the  Council 
to  approve  certain  changes  in  the  branch  by-laws  and 
organization,  which  would  be  required  to  enable  that 
branch  of  The  Engineering  Institute  and  the  local  Pro- 
fessional Association  to  function  under  a  common  executive 
and  staff.  This  project,  which  was  frankly  experimental, 
received  the  Council's  hearty  approval  as  a  trial  measure, 
and  was  endorsed  by  the  membership  of  the  Winnipeg 
Branch  of  The  Institute,  but  since  a  ballot  of  the  Pro- 
fessional Association  membership  showed  only  a  small 
majority  in  favour  of  this  action,  the  Council  of  the  Asso- 
ciation felt  it  would  be  unwise  to  recommend  its  adoption 
at  present. 

Your  Council  has  supported  as  far  as  possible  the 
activities  of  the  National  Construction  Council  of  Canada 
in  its  efforts  to  promote  the  revival  of  the  construction 
industry. 

At  the  request  of  a  special  Committee  on  National 
Sound  Finance  appointed  by  the  Canadian  Chamber  of 
Commerce,  a  committee  appointed  by  Council  under  the 
chairmanship  of  Mr.  R.  E.  C.  Chadwick,  m.e.i.c,  has 
submitted  a  report  recommending  the  procedure  desirable 
in  calling  for  tenders  and  letting  contracts  for  public  works. 
This  has  been  forwarded  to  the  National  Committee. 

Your  Council  has  given  its  support  to  the  nomination 
of  engineers  on  the  Directorate  of  the  Bank  of  Canada 
with  the  object  of  having  the  profession  represented  on  the 
Board. 

The  second  issue  of  the  E-I-C  Engineering  Catalogue 
has  been  commented  on  favourably.  Letters  received 
indicate  that  the  volume  has  been  found  of  use  by  an 
increasing  number  of  members  and  non-members.  The 
third  issue,  for  1935,  now  in  the  press,  embodies  a  number 
of  improvements  and  the  corrections  necessary  to  bring 
its  index  up  to  date.  The  financial  results  for  the  first  two 
years  have  been  disappointing,  but  it  is  expected  that  this 
next  issue  will  not  entail  any  loss. 
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From  time  to  time  members  who  have  given  papers 
at  their  branch  meetings  have  been  good  enough  to  visit 
other  branches  and  repeat  their  addresses  or  demon- 
strations, often  at  considerable  personal  sacrifice  of  time 
and  energy.  Your  Council  desires  to  acknowledge  with 
many  thanks  public-spirited  effort  of  this  kind,  which  does 
so  much  to  bring  together  the  widespread  membership  of 
The  Institute,  and  is  particularly  appreciated  by  the 
smaller  branches. 

Your  Council  has  noted  with  appreciation  the  active 
interest  shown  in  the  affairs  of  The  Institute,  on  the 
occasion  of  the  President's  visits  to  the  various  branches 
throughout  Canada.  On  these  occasions  many  important 
matters  concerning  the  future  of  The  Institute  were  brought 
to  the  attention  of  the  branch  members,  in  the  hope  that 
they  will  give  serious  thought  to  such  topics,  and  that  The 
Institute  will  thus  have  the  benefit  of  their  deliberations 
when  future  opportunities  for  progress  arise. 

The  Forty-Eighth  Annual  General  and  General 
Professional  Meeting  was  held  in  Montreal  on  February 
8th  and  9th,  1934,  the  formal  Annual  General  Meeting  of 
January  25th  having  been  adjourned  to  those  dates. 
Although  the  meeting  was  limited  to  two  days  for  reasons 
of  economy,  its  unqualified  success  showed  the  result  of 
the  excellent  preliminary  work  of  the  committee  of  the 
Montreal  Branch  who  sponsored  it. 

The  greater  part  of  the  business  session  was  taken  up 
by  a  discussion  of  Council's  proposals  for  amendments  to 
the  by-laws,  prior  to  their  submission  to  the  membership 
for  ballot.  The  debate  was  active,  and  a  large  number  of 
members  took  the  opportunity  of  offering  suggestions  and 
criticisms,  particularly  with  regard  to  the  possible  effect 
of  the  proposed  amendments  upon  the  future  relations 
of  The  Institute  with  the  Provincial  Associations. 

The  social  functions  were  well  attended,  and  at  the 
Annual  Dinner  of  The  Institute,  the  Prime  Minister, 
The  Rt.  Hon.  R.  B.  Bennett,  was  kind  enough  to  present 
the  prizes  and  medals,  and  delivered  an  inspiring  address 
with  a  message  of  hope  particularly  addressed  to  the 
younger  members  of  the  profession.  At  the  technical 
sessions  nine  papers  were  presented  and  discussed,  and 
the  meeting  concluded  with  an  enjoyable  smoker  at  which 
a  novel  feature  was  a  boxing  tournament. 

The  Western  Professional  Meeting,  which  took  place 
in  Vancouver  on  July  11th  to  13th,  was  memorable  as  it 
was  held  in  conjunction  with  the  Annual  Convention  of 
the  American  Society  of  Civil  Engineers.  Arrangements 
for  this  joint  event  were  in  the  hands  of  an  active  local 
committee  composed  of  members  of  both  societies,  under 
the  chairmanship  of  Mr.  E.  A.  Cleveland,  m.e.i.c,  to  whom 
the  thanks  of  Council  and  The  Institute  are  due  for  the 
able  way  in  which  the  meetings  were  organized  and  the 
success  which  attended  their  work.  The  social  features  of 
the  meeting  were  held  jointly  by  the  two  societies;  the 
technical  sessions  were  held  separately.  Both  organizations 
were  well  represented  and  at  the  meetings  of  the  American 
Society  of  Civil  Engineers  no  less  than  twelve  papers  were 
presented  and  discussed.  Our  own  list,  while  less  numerous, 
included  a  series  of  papers  dealing  with  western  engineering 
work.  In  arranging  for  the  social  features  and  excursions, 
the  committee,  as  was  to  be  expected,  took  full  advantage 
of  the  amenities  of  the  City  and  its  beautiful  surroundings. 
These  favourable  conditions,  combined  with  the  tradi- 
tional western  hospitality,  made  the  gathering  one  which 
will  be  long  remembered.  It  was  the  first  occasion  on 
which  an  Institute  meeting  has  been  held  jointly  with  a 
convention  of  a  sister  society,  and  the  result  was  all  that 
could  be  desired.  All  our  members  were  happy  to  take 
part  in  welcoming  their  fellow  engineers  from  the  United 
States. 


Roll  of  The  Institute 

During  the  year  1934,  one  hundred  and  seventy  can- 
didates were  elected  to  various  grades  in  The  Institute. 
These  were  classified  as  follows: — Ten  Members,  forty-one 
Associate  Members,  twelve  Juniors,  one  hundred  and  one 
Students,  and  six  Affiliates.  The  elections  during  the  year 
1933  totalled  one  hundred  and  twenty-eight  candidates. 

Transfers  from  one  grade  to  another  were  as  follows: — 
Associate  Member  to  Member,  seven;  Junior  to  Associate 
Member,  thirty-eight;  Student  to  Associate  Member, 
nineteen;  Student  to  Junior,  twenty-nine;  Junior  to  Affil- 
iate, three;  Affiliate  to  Associate  Member,  one;  a  total 
of  ninety-seven. 

The  names  of  those  elected  or  transferred  are  published 
in  The  Journal  each  month  immediately  following  the 
election. 

Removals  from  the  Roll 

There  have  been  removed  from  the  roll  during  the 
year  1934,  for  non-payment  of  dues  and  by  resignation, 
ten  Members,  thirty-one  Associate  Members,  eight  Juniors, 
one  hundred  and  fifty  Students,  and  eleven  Affiliates,  a 
total  of  two  hundred  and  ten. 

Two  hundred  and  three  reinstatements  were  effected 
and  eleven  Life  Memberships  were  granted. 

During  1934  four  hundred  and  thirty-nine  names  were 
placed  on  the  Non-active  List  which  now  numbers  six 
hundred  and  nine. 

Deceased  Members 

During  the  year  1934  the  deaths  of  thirty-eight 
members  of  The  Institute  have  been  reported  as  follows : — 

Honorary  Member 
Aberdeen,  The  Right  Hon.  The  Earl  of,  P.C,  K.T.,  G.C.M.G.,  G.C.V.O. 

Members 
Armstrong,  Major-General  Charles  Green,  Samuel  Martin 

Johnstone,  C.B.,  C.M.G.,  V.D.  Helbronner,  Pierce  Michel 
Aylmer,  John  Athalmer  Hoare,  Edward  Arthur 

Bowman,  Archibald  Abercromby     Johnson,  George  Arthur 
Chadwick,  Kenneth  Murray  Lee,  William  States 

CruttweU,  George  Edward  Wilson    Milne,  James 
Donkin,  Hiram  Fergusson  Seurot,  Paul  Albert  Nicolas 

Fuller,  George  Warren  Svenningson,  Sven 

Gauvreau,  Narcisse  Belleau  Wardwell,  William  Henry 

Gore,  William  Wynne-Roberts,  Lewis  Wynne 

Associate  Members 
Archibald,  Cyrus  Witter  Murphy,  Michael  Joseph 

Ashley,  Bertram  Scott  Panneton,  Frank 

Aylmer,  Harry  Brooke  Philipps,  James  Benjamin 

Bernier,  Jos.  Adelard  Pope,  Harry  Bonfield 

Code,  Abram  Silas  Rounthwaite,  Cyril  Henry  Ernest 

Cimningham,  William  John  Shector,  Sidney  Samuel 

Fox,  Charles  James  Treanor,  Walter  Charles 

Milne,  Alexander  Vanier,  J.  Emile 

Munro,  John  Herbert 

Student 
McBeath,  Ernest  Harrison 

The  membership  of  The  Institute  as  at  January  1st, 
1934,  totals  three  thousand,  seven  hundred  and  sixty-four, 
The  corresponding  number  for  1933  was,  four  thousand, 
and  seventy.  These  figures  do  not  include  those  members 
who  have  been  placed  on  the  Non-Active  List. 

Total  Membership 
1933  1934 

Honorary  Members 9  Honorary  Members 8 

Members 965  Members 914 

Associate  Members 1,894  Associate  Members 1,782 

Juniors 346  Juniors 299 

Students 820  Students 727 

Affiliates 36  Affiliates 34 


Members  on  Non-Active 
list 


4,070 
337 


3,764 
Members  on  Non-Active 
list 609 


4,407  4,373 

Respectfully  submitted  on  behalf  of  the  Council, 

F.  P.  Shearwood,  m.e.i.c,  President. 
R.  J.  DuRLEY,  M.E.I.C,  Secretary. 
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Finance  Committee 

The  President  and  Council : — 

The  Finance  committee,  in  submitting  the  auditors' 
and  their  own  report,  do  so  with  a  definite  feeHng  of  en- 
couragement in  view  of  the  fact  that,  in  spite  of  continued 
and  seemingly  unabated  depression  in  active  construction 
and  general  engineering  work,  the  figures  show  a  tendency 
toward  recovery. 

With  the  experience  of  1933  to  guide  them,  your 
committee  balanced  the  budget  in  January  on  a  basis  of 
about  $56,500.00  revenue  and  expenditure,  including  the 
third  catalogue,  which  it  was  then  hoped  would  yield  a 
profit  of  about  $1,250.00.  On  a  strictly  cash  basis  this 
meant  that  apart  from  the  catalogue  an  operating  deficit 
of  $1,250.00  was  considered  permissible.  Actually,  apart 
from  the  catalogue,  the  year's  balance  sheet  shows  a 
surplus  of  $621.77  which  has  permitted  the  reinsertion  of 
depreciation  on  the  furniture  and  books,  in  the  auditors' 
statement,  as  a  charge  against  operations.  This  item  was 
deliberately  omitted  last  year  in  view  of  the  abnormal 
deficit  encountered.  The  depreciation  is  set  up  as  $670.68 
with  the  result  that  a  small  deficit  of  $48.91  is  indicated 
in  the  auditors'  report. 

The  income  from  all  sources  exceeded  the  budget  by 
over  $2,500.00  and,  as  the  revenue  from  Journal  advertis- 
ing was  guessed  within  l/20th  of  1  per  cent,  the  improve- 
ment is  due  almost  entirely  to  the  enjoyment  of  a  better 
response  from  the  paying  membership  than  your  com- 
mittee, in  their  1933-born  pessimistic  mood,  dared  to 
anticipate,  and  this  applies  to  current  fees,  entrance  fees, 
and  arrears  of  fees.   As  a  matter  of  fact,  at  the  end  of  1931 


the  latter  item  is  lower  in  amount  than  ever  before  and  the 
actual  number  of  members  in  arrears  is  also  the  smallest 
on  record.  The  expenditure  on  services  was  allowed  to 
exceed  the  budgeted  amount  by  $1,329.46  in  accord  with 
the  policy  of  doing  the  best  possible  for  the  membership 
under  present  circumstances,  but  the  authorized  list  of 
office  salaries  furnished  by  your  committee  to  the  General 
Secretary  early  in  February  was  strictly  adhered  to.  The 
actual  increases  were  largely  consumed  in  the  two  items  of 
rebates  to  Branches,  and  Professional  Meetings,  the  former 
of  course  automatically,  and  the  latter  by  resolution. 

The  basis  of  operations  is  shown  in  the  Auditors' 
statement  to  be  about  $45,500.00  income  and  expenditure 
(exclusive  of  the  catalogue)  which  compares  with  an  ex- 
penditure of  $47,129.76  in  1933  and  with  figures  running 
considerably  over  $80,000.00  in  years  like  1924,  1929,  and 
1930. 

By  agreement,  the  catalogue  finances  are  omitted  from 
the  general  statement  of  revenue  and  expenditure  this 
year,  so  that  the  possibility  of  fogging  the  result  by  the 
inclusion  of  "estimated"  items  of  considerable  magnitude, 
is  removed.  It  is  even  yet,  at  the  date  of  writing,  too 
early  to  make  estimates  for  the  third  catalogue,  just  now 
going  to  press,  with  much  precision,  so  that  the  pertinent 
figures  are  all  deferred  until  the  1935  report  when  they  will 
be  known  exactly. 

Meanwhile,  the  net  result  of  the  first  two  editions  can 
now  be  definitely  appraised.  The  assets  of  The  Institute 
have  been  drawn  upon  to  finance  the  publication  of  these 
catalogues,  against  which  can  be  listed  the  building  up  of 
a  valuable  good-will   and   a  prospect  of  future  revenue. 


STATEMENT  OF  ASSETS  AND  LIABILITIES  AS  AT  31st  DECEMBER,  1934 


Assets 
Current: 

Cash  on  hand  and  in  Savings  Account 

Accounts  receivable $  2,316.34 

Less:  Reserve  for  bad  debts 332.88 


Arrears  of  fees — Estimated. . . 
Advance  TravelHng  Expenses. 


Special  Funds — Per  Statement  attached: 

Investments 

Cash  in  Savings  Bank 

Due  by  Current  Funds 


Investments — At  cost: 

$100  Dominion  of  Canada  4^%.  1946. . 
$200  Dominion  of  Canada  4H%,  1958. . 
$4,000  Dominion  of  Canada  4K%,  1959 
$500  Province  of  Saskatchewan  5%,  1959 
$1,000  Montreal  Tramways  5%,  1941 . . 
$2,000  Montreal  Tramways  5%,  1955 . . 
$500  Title  Guarantee  and  Trust  Corp. 

Certificate  past  due 

2  Shares  Canada  Permanent  Mortgage 

Corp 

40  Shares  Montreal  Light,  Heat  &  Power 

Cons.  N.P.V 

Advances  to  Branches 

Deposit — Postmaster 

Prepaid  Expenses: 

Stationery 

Unexpired  insurance 


10,980.14 

773.81 

1,314.98 


96.50 
180.00 

4,090.71 
502.50 
950.30 

2,199.00 

500.00 
215.00 
324.50 


517.74 
80.00 


Deferred  Charges: 

Expenses  of  1934-35  Catalogue  incurred  to  date 

Gold  Medal 

Library — At  cost,  less  amounts  written  off 

Furniture — At  cost,  less  amounts  written  off 

Land  and  Buildings — At  cost  (Assessed  Value  $57,200) 


$        113.70 


1,983.46 

2,500.00 

25.00 

4,622.16 


13,068.93 


9,058.51 
175.00 
100.00 


597.74 

3,531.97 

45.00 

1,609.03 

4,427.11 

89,041.64 

$126,277.09 


Liabilities 
Current: 

Bank  Overdraft — Secured 

Accounts  Payable 

Rebates  due  to  Branches 

Library  Deposits 

Amount  due  to  Past  Presidents'  Fund. 


Special  Funds: 

Leonard  Medal 

Plummer  Medal 

Fund  in  Aid  of  Members'  families. 
Past  Presidents'  and  Prize  Fund. . 
War  Memorial  Fimd 


628.79 

619.78 

2,122.46 

5,433.99 

4,263.91 


Surplus  : 

Balance  as  at  1st  January,  1934 101,368.42 

Deduct: 
Excess    of    Expenditure 
over  Revenue  for  year 
ending31st  December, 

1934 

Adjustment  of  estimated 
1933  Catalogue  ex- 
penses      1,118.65 

Adjustment  of  estimated 
1933  Catalogue  rev- 
enue         480.32 

1,647.J 


$     48.91 


10,307.97 

1,284.40 

567.77 

12.50 

1,314.98 

13,487.62 


13,068.93 


99,720.54 


$126,277.09 


Montreal,  10th  January,  1935. 

Audited  and  verified,  subject  to  our  report  of  this  date. 
Ritchie,  Brown  &  Co., 

Chartered  Accountants. 
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While  it  can  be  foreseen  that  the  cost  of  production  on  the 
third  edition  will  be  comparatively  less  than  on  previous 
editions,  and  while  the  chances  of  making  a  definite  profit 
are  still  considered  good  by  those  best  al)le  to  judge,  it  is 
hardly  to  be  expected  that  the  whole  loss  up-to-date  can 
be  recovered  during  1935. 

The  advertising  in  The  Joui'ual  has  been  remarkably 
steady  month  by  month  during  the  past  year  and  this  fact 
encourages  the  management  and  your  committee  to  feel 
that  the  low  point  has  not  only  been  reached  but  passed, 
as  the  total  income  from  this  source  is  about  $1,000.00 
better  than  last  year,  although  still  only  about  45  per  cent 
of  the  average  during  the  period  1925  to  1931. 

In  the  statement  of  assets  and  liabilities  it  will  be 
noticed  that  the  surplus  is  again  reduced,  due  to  the  loss 
on  the  second  issue  of  the  catalogue  having  been  greater 
than  estimated  in  the  1933  report.  The  value  of  the  land 
and  buildings  at  Headquarters  is  noted  as  an  "at  cost" 


figure  which  is  undoubtedly  seriously  in  excess  of  present 
day  valuation.  No  capital  increase  to  the  library  or  fur- 
niture has  been  made  during  the  year  and  the  Branches 
have  returned  some  $225.00  of  advances.  Investments 
remain  unaltered  but  the  temporary  bank  overdraft  is 
slightly  higher  than  previously.  Members  will  doubtless 
realize  that  while  the  expenditui'es  are  reasonably  uniform 
month  by  month,  the  majority  of  the  income  of  The 
Institute  both  from  fees  and  from  the  catalogue,  reaches 
Headquarters  in  the  first  three  months  of  the  year  and  is 
sufficient  to  wipe  out  the  above  overdraft  entirely  by 
March  or  April,  but  that  toward  the  end  of  the  year  the 
overdraft  will  inevitably  build  up  again  until  such  time 
as  a  greater  cash  surplus  has  been  established. 

Your  committee  has  been  constantly  faced  with  the 
difficult  problem  of  recommending  to  Council  some  reason- 
able method  of  accommodating  an  increasingly  large  num- 
(Continued  on  page  86) 


COMPARATIVE  STATEMENT  OF  REVENUE  AND  EXPENDITURE  FOR  THE  YEARS  ENDING 

31ST  DECEMBER,  1933  AND  1934 


Revenue 


Membership  Fees: 

Arrears 

Current 

Advance 

Entrance 


1933 

I  1,658.86 

22,766.43 

309.44 

807.00 


1934 

$  2,763.81 

22,302.02 

412.45 

803.00 


$25,541.73      $26,281.28 


Publications: 

Journal  subscriptions  and  sales $  6,411.65 


Journal  advertising. 

E-I-C-  News  advertising 

*Catalogue  advertising — Estimated . 


$  6,165.28 
11,806.42 


10,863.65 
30.50 
12,176.87 


$29,482.67      $17,971.70 


Income  from  Investments.  . . .  , 
Refund  of  Expenses  of  Hall. 
Sundry  Revenue 


548.77 

667.50 

79.45 


514.79 
695.00 

77.78 


*ToTAL  Revenue 

Excess  of  Expenditure  over  Revenue 
FOR  Year 


$56,320.12       $45,540.55 


3,732.73 


48.91 


Expenditure 
Building  Expenses:  1933 

Taxes— Property  and  Water $  2,078.04 


Fuel. 

Insurance 

Light 

Caretaker's  wages  and  service . 
Repairs  and  expenses 


484.15 
124.00 
278.62 
907.50 
1,079.65 


1934 
$  1,950.99 
450.26 
104.87 
256.36 
758.00 
602.69 


$  4,951.96      $  4,123.17 


Publications: 

Journal — Salaries 

Expenses 

E-I-C  News  Expense 

^Catalogue — Salaries 

Expenses — Estimated . 
Sundry  printing 


$  4.872.46 

li;677.33 

112.97 

4,345.20 

8,577.89 

215.45 


$  5,593.56 
10,889.86 


382.03 


$29,801.30      $16,865.45 


Office  Expenses: 

Salaries — Secretary  and  staff $10,782.85 

Postage  and  telegrams 1,252.56 

Office  supplies  and  stationery 981.08 

Legal  and  audit  fees 275.00 

Telephone 321.60 

Messenger  and  express 87.31 

Miscellaneous 224.54 

Depreciation — Furniture — 10% 


$10,583.44 

1,143.52 

986.36 

250.00 

338.06 

97.61 

73.32 

491.90 


$13,924.94      $13,964.21 


General  Expenses: 

Annual  and  Professional  Meetings 

Plenary  Meeting  of  Council — 

Less  Branch  contributions 

Meetings  of  Council 

Travelling — Secretary 

Branch  stationery 

Students'  Prizes 

£'-/-C  Prizes 

Gzowski  Medal 

Library — Salary 

Ex-penses 

Depreciation — 10% 

Interest,  discount  and  exchange 

Examinations — Cost  less  amount  col- 
lected   

Committee  expenses 

National  Construction  Council 


$  1,915.85      $  2,350.17 


1,127.21 

210.31 

129.34 

122.16 

185.48 

185.24 

161.05 

33.76 

89.79 

287.50 

288.75 

17.25 

595.  io 

519.72 

774.10 

443.86 

178.78 

124.7i 

406.73 

75.00 

86.91 

347.59 

184.42 

150.00 

80.00 

$  5,948.53      $  5,122.25 


$60,052.85       $45,589.46 


Rebates  TO  Branches $5,426.12      $5,514.38 

Total  Expenditure $60,052.85      $45,589.46 


♦Total  Revenue  1933 .  .  . 

Deduct:  Catalogue  advertising . 


)56,320.12 
12,176.87 


Revenue  1933  comparable  with  1934 $44,143.25 


tTotal  Expenditure  1933 

Deduct:  Catalogue — Salaries. .  $4,345.20 
Expenses.     8,577.89 


Expenditure  1933  comparable  with  1934. 


),052.85 


12,923.09 
$47,129.76 
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Finance  Committee 

{Continued  from  page  86) 
ber  of  members  who  find  themselves  compelled  to  ask  for 
extension  of  time  in  respect  to  the  payment  of  dues,  and 
a  further  large  number  who  merely  delay  payment  without 
advising  The  Institute  at  all  as  to  their  situation,  prospects, 
hopes,  or  intentions. 

The  non-active  list  has  been  widely  extended,  but  it 
is  sincerely  urged  upon  members  that  they  regard  this 
classification  merely  as  a  means  of  providing  them  some 
temporary  relief  from  financial  responsibility,  but  not  as 
something  to  be  endured  or  enjoyed  longer  than  necessary. 
They  are,  therefore,  respectfully  asked  to  resume  active 
membership  at  the  earliest  practicable  moment  and  thus 
lend  their  co-operation  to  The  Institute  in  its  endeavour 
to  serve  the  profession.  There  are  many  useful  services 
to  be  resumed  or  extended  when  revenue  permits;  there 
are  numerous  lines  along  which  The  Institute  can  advan- 
tageously direct  its  energy  and  exert  its  influence  when  the 
funds  available  rise  above  the  present  level  of  barely 
meeting  essentials.  Gratified  as  your  Finance  committee 
feels  with  the  degree  of  support  advanced  by  the  member- 
ship during  1934,  particularly  with  the  efforts  made  by 
certain  Branches  to  encourage  resumption  of  active  mem- 
bership and  the  early  payment  of  fees,  it  is  nevertheless 
felt  that  much  more  can  and  should  be  done  toward  in- 
creasing The  Institute's  potentiality  for  service. 
Respectfully  submitted. 

P.  L.  Pratley,  m.e.i.c,  Chairman. 

Nominating  Committee — 1935 

Appointments  to  the  Nominating  Committee  for  the 
year  1935  have  been  made  by  the  various  Branches,  and 
the  Chairman  has  been  appointed  by  Council,  as  shown 
on  the  following  list,  which  is  now  presented  for  announce- 


ment at  the  Annual  Meeting  in  accordance  with  the  By- 
laws : — 

Chairman:  L.  F.  Grant,  m.e.i.c. 
Branch  Representative 

Halifax  Branch A.  F.  Dyer,  a.m.e.i.c. 

Cape  Breton  Branch R.  R.  Moffatt,  a.m.e.i.c. 

Saint  John  Branch J.  N.  Flood,  a.m.e.i.c. 

Moncton  Branch C.  S.  G.  Rogers,  a.m.e.i.c. 

Saguenay  Branch A.  W.  Whitaker,  a.m.e.i.c. 

Quebec  Branch P.  Methe,  a.m.e.i.c. 

St.  Maurice  Valley  Branch J.  H.  Fregeau,  a.m.e.i.c. 

Montreal  Branch H.  G.  Thompson,  a.m.e.i.c. 

Ottawa  Branch J.  McLeish,  m.e.i.c. 

Peterborough  Branch A.  L.  Killaly,  a.m.e.i.c. 

Kingston  Branch R.  A.  Low,  a.m.e.i.c. 

Toronto  Branch E.  L.  Cousins,  m.e.i.c. 

Hamilton  Branch J.  R.  Dunbar,  a.m.e.i.c. 

London  Branch H.  A.  McKay,  a.m.e.i.c. 

Niagara  Peninsula  Branch C.  G.  Moon,  a.m.e.i.c. 

Border  Cities  Branch S.  E.  McGorman,  m.e.i.c. 

Sault  Ste.  Marie  Branch A.  H.  Russell,  a.m.e.i.c. 

Lakehead  Branch 

Winnipeg  Branch A.  J.  Taunton,  a.m.e.i.c. 

Saskatchewan  Branch P.  C.  Perry,  a.m.e.i.c. 

Lethbridge  Branch R.  Livingstone,  m.e.i.c. 

Edmonton  Branch H.  J.  MacLeod,  m.e.i.c. 

Calgary  Branch H.  W.  Tooker,  a.m.e.i.c. 

Vancouver  Branch W.  H.  Powell,  m.e.i.c. 

Victoria  Branch J.  N.  Anderson,  a.m.e.lc. 

Past-Presidents'  Prize  Committee 

The  subject  announced  for  the  year  1933-1934  was 
"The  Engineering  Features  of  City  Management."  No 
essays  having  been  submitted,  the  committee  is  unable  to 
make  a  report. 

The  hope  is  expressed  that  this  condition  will  not  be 
repeated  in  1934-1935  since  the  subject  prescribed,  "The 
Co-ordination  of  the  Activities  of  the  Various  Organiza- 
tions in  Canada,"  is  of  such  importance  and  general  interest. 


SPECIAL  FUNDS  AS  AT 

Leonard  Medal  Fund: 

Balance  as  at  1st  January,  1934 $     613.25 

Add:  Bond  interest 30.00 

Bank  interest 2.79 

646.04 
Deduct:  Cost  of  Medals 17.25 

S     628.79 

Plummer  Medal  Fund: 

Balance  as  at  1st  January,  1934 606.85 

Add:  Bond  interest 27.50 

Bank  interest 2.68 

637.03 
Deduct:  Cost  of  Medals 17.25 

619.78 

Fund  in  Aid  of  Members'  Families: 

Balance  as  at  1st  January,  1934 2,045.44 

Add:  Bond  interest 100.00 

Bank  interest 2.02 

2,147.46 
Deduct:  Donation  made  to  member. .  25.00 

2,122.46 

Past  Presidents'  and  Prize  Fund: 

Balance  as  at  1st  January,  1934 5,308.53 

Add:  Contribution  from  Past  Pres- 
ident    100.00 

Bond  interest 240.00 

Bank  interest 3.43 

Interest  on  loan 19.33 

6,671.29 
Deduct:  Cost  of  Prizes 237.30 

6,433.99 

War  Memorial  Fund: 

Balance  as  at  Ist  January,  1934 4,022.55 

Add:  Bond  interest 218.57 

Bank  interest 2.58 

Profit  on  redemption  of  C.P.R. 

Bonds 20.21 

4,263.91 

$13,068.93 


31sT  DECEMBER,  1934 

RBDTCSCTltcd  uV* 

$500  Title  Guarantee  and  Trust  6%  1933 

Certificate 

Cash  in  Savings  Bank 


$500  Dominion  of  Canada  4^%   1959 

Bonds 

Cash  in  Savings  Bank 


500.00 
128.79 


$     628.79 


500.00 
119.78 


$1,000  Province  of  Ontario  4^%  1964 

Bonds 1,022.17 

$1,000  Dominion  of  Canada  4H%  1959 

Bonds 972.97 

Cash  in  Savings  Bank 127.32 

$3,000    Montreal    Tramways    5%    1955 

Bonds 2,490.00 

$1,500  Title  Guarantee  and  Trust  Corp. 

6%  1933  Certificate 1,500.00 

Cash  in  Savings  Bank 129.01 

Due  by  Current  Funds 1,314.98 


$2,000  Dominion  of  Canada  i}4%  1969 

Bonds 2,000.00 

$2,000    C.P.R.    Collateral    Trust    Gold 

Bonds  5%  1954 1,995.00 

Cash  in  Savings  Bank 268.91 


619.78 


2,122.46 


5,433.99 


4,263.91 
$13,068.93 
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Gzowski  Medal  Committee 

The  President  and  Council: — 

The  committee  would  recommend  that  the  Gzowski 
Medal  for  the  prize  year  1933-1934  be  awarded  to  W.  H. 
Powell,  M.E.i.c,  for  his  paper  entitled  "First  Narrows 
Pressure  Tunnel,  Vancouver,  B.C."  published  in  The  En- 
gineering Journal  for  June  1934. 

Respectfully  submitted, 

Robert  W.  Angus,  m.e.i.c,  Chairman. 

Plummer  Medal  Committee 

The  President  and  Council : — 

In  the  opinion  of  your  committee,  the  Plummer  Medal 

for  1933-1934  should  be  awarded  to  F.  E.  Lathe  for  his 

paper  on  "The  Utilization  of  Magnesian  Carbonates"  as 

published  in  The  Engineering  Journal  for  December  1933. 

Respectfully  submitted, 

L.  F.  Goodwin,  m.e.i.c,  Chairman. 

Leonard  Medal  Comimiittee 

The  President  and  Council: — 

I  beg  to  advise  that  the  Leonard  Medal  Committee, 
1934,  of  The  Engineering  Institute  of  Canada,  has  decided 
that  the  Leonard  Medal  should  be  awarded  to  D.  E. 
Keeley,  m.c.i.m.m.,  for  his  paper  "Guniting  at  the  Mclntyre 
Mine"  (June  1934  Bulletin  of  the  Canadian  Institute  of 
Mining  and  Metallurgy). 

Respectfully  submitted, 

J.  G.  Dickenson,  m.e.i.c,  Chairman. 

Students'  and  Juniors'  Prizes 

The  reports  of  the  examiners  appointed  in  the  various 
zones  to  judge  the  papers  submitted  for  the  prizes  for 
Students  and  Juniors  of  The  Institute  were  submitted  to 
Council  at  its  meeting  on  January  18th,  1935,  and  the 
following  awards  were  made : — 

H.  N.  Ruttan  Prize  (Western  Provinces) — -No  award. 

John  Galbraith  Prize  (Province  of  Ontario) — To  F.  A.  Masse, 
Jr.E.i.c,  for  his  paper  "A  History  of  Paper  Making." 

Phelps  Johnson  Prize  (Province  of  Quebec,  English) — To  C.  B. 
Charlewood,  s.e.i.c,  for  his  paper  on  "Steam  Distribution  in  the 
Newsprint  Mill." 

Ernest  Marceau  Prize  (Province  of  Quebec,  French) — No  papers 
received. 

Martin  Murphy  Prize  (Maritime  Provinces) — ^No  papers  received. 

Membership  Committee 

The  President  and  Council: — 

Your  committee,  which  was  appointed  by  Council  in 
February  1933,  has  again  continued  its  activities  during 
the  past  year,  presenting  a  mid-year  report  to  Council  on 
June  15th,  1934.  i 

It  will  be  remembered  that  a  membership  campaign 
was  instituted  in  the  spring  of  1933  and  as  a  result  a 
number  of  branches  appointed  special  membership  com- 
mittees, while  in  other  cases  the  branch  executive  com- 
mittees undertook  to  act.  The  results  of  this  campaign 
were  presented  to  the  Plenary  Meeting  of  Council  in  October 
1933.2 

In  April  1934,  in  accordance  with  the  suggestions  out- 
lined in  the  above  report  the  General  Secretary  com- 
municated with  all  branches  in  university  centres  remind- 
ing them  of  your  committee's  suggestions  which  urged  the 
desirability  of  The  Institute  members  entering  into  closer 
relationship,  if  possible,  with  the  undergraduates  in  the 
engineering  schools,  to  whom  the  advantages  of  joining 
The  Institute  should  be  definitely  presented  during  their 
college  courses.  Several  other  suggestions  were  made  which 
it  was  hoped  would  prove  helpful. 

During  the  early  part  of  the  summer,  in  view  of  the 
intention  of  the  President  of  The  Institute  and  the  General 
Secretary  to  visit  the  branches  of  The  Institute,  a  com- 

*  Engineering  Journal,  July  1934,  p.  335. 

*  Engineering  Journal,  Feb.  1934,  p.  79. 


munication  was  sent  to  all  branches  outlining  the  work  of 
your  committee  to  date,  and  forwarding  a  list  of  the  names 
of  those  prospective  members  previously  submitted  in  reply 
to  the  June  1933  circular,  from  whom  applications.had  not 
yet  been  received.  It  was  hoped  that  these  names  would 
again  be  canvassed  and  that  the  President  and  the  Secretary 
during  their  visits  to  the  branches  would  be  asked  for  any 
information  required. 

Some  very  encouraging  replies  were  received  in  reply 
to  these  letters  and  the  chairmen  and  members  of  the 
various  committees  reporting  are  to  be  congratulated  on 
their  efforts. 

A  number  of  branch  committees  have  also  been  active 
in  canvassing  members  on  the  non-active  list,  in  an  en- 
deavour to  have  them  resume  active  membership,  and  in 
interviewing  those  intending  to  resign.  Branch  member- 
ship committees  are  reminded  that  during  the  sixty  days 
that  wiU  elapse  from  the  time  their  branch  secretary 
receives  a  notification  of  a  resignation  and  the  time  action 
is  taken  by  Council  to  accept  it,  there  is  a  good  opportunity 
to  ask  the  member  concerned  to  reconsider  his  decision. 
Any  suggestion  of  this  kind,  to  be  successful,  must  have 
the  help  of  members  of  the  branch  executive  or  member- 
ship committees. 

Elections  and  transfers  during  the  past  year  show  a 
marked  improvement  over  the  previous  year  and  may  be 
subdivided  as  follows: — 

Elections — Members 10 

Associate  Members 41 

Juniors 12 

AflSliates 6 

Students 101 

Total 170 

Transfers  total 97 

These  totals  of  170  elections  and  97  transfers  compare 
with  128  elections  and  33  transfers  during  1933. 

Your  committee  believes  that  the  reduced  entrance 
and  transfer  fees  have  been  of  assistance  in  securing  these 
improved  results,  along  with  the  help  offered  to  unem- 
ployed members,  the  increased  activities  of  the  student 
sections,  and  the  personal  visits  to  the  branches  of  the 
President  of  The  Institute  and  the  General  Secretary,  this 
summer. 

In  the  opinion  of  your  committee  continued  activity 
by  branch  membership  committees  is  essential,  as  while 
the  increase  in  new  members  obtained  during  the  past  year 
is  encouraging  it  is  far  short  of  the  required  three  hundred 
estimated  in  the  last  report  of  your  committee,  as  being 
the  minimum  necessary  to  make  up  for  normal  losses, 

By  far  the  best  way  to  foster  membership  is  for  each 
member  to  contribute  what  he  can  in  the  way  of  technical 
papers  or  discussions,  service  on  Institute  or  branch  com- 
mittees, and  publicity  in  the  press  or  elsewhere  or  among 
his  friends  and  acquaintances  regarding  the  essential  and 
beneficial  work  that  The  Institute  is  doing.  As  a  well- 
known  advertising  slogan  has  it  "There  is  no  substitute 
for  quality."  Furthermore  it  is  the  opinion  of  your  com- 
mittee that  the  success  of  The  Institute  will  be  enhanced 
by  the  co-operation  of  its  branches  and  members  with  other 
societies  that  directly  or  indirectly  promote  interest  in 
engineering  matters,  particularly  the  Associations  of  Pro- 
fessional Engineers,  and  also  by  a  broader  interest  in 
national,  provincial  and  municipal  affairs  and  welfare 
generally. 

Respectfully  submitted, 

D.  C.  Tennant,  m.e.i.c.  Chairman. 

Papers  Committee 

The  President  and  Council : — 

Your  Papers  committee  has  not  held  a  meeting  during 
the  past  year  and  as  a  committee  has  done  nothing.    It  is 
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hoped,  however,  that  each  member  has  been  of  some 
assistance  to  the  branches  in  his  zone  in  obtaining  papers 
for  their  branch  meetings. 

The  difficulty  encountered  by  some  of  the  sir. all er  and 
more  isolated  branches  in  obtaining  interesting  papers  for 
their  meetings,  is  accentuated  in  these  times  as  funds 
cannot  be  found  for  the  purpose  of  having  speakers  travel 
from  larger  centres.  The  chairman  approached  Mr.  W. 
Storrie,  m.e.i.c,  of  Gore,  Nasmith  &  Storrie,  with  a  view 
to  having  him  stop  off  wherever  possible  on  his  proposed 
trip  to  the  west  in  January.  Mr.  Storrie  has  some  very 
interesting  material  and  Mr.  Durley  is  at  present  arrang- 
ing with  him  to  give  a  talk  to  as  many  of  the  branches  as 
he  can  conveniently  visit. 

It  is  my  opinion,  which  I  believe  is  shared  by  the  other 
m.embers  of  the  committee,  that  the  main  duty  of  this 
committee  is  for  each  member  to  try,  in  this  way,  to  get 
papers  from  competent  members  passing  thi'ough  their  zone 
on  other  business.  This  will  eliminate  a  large  part  of  the 
cost  of  obtaining  papers  of  value. 

It  is  suggested  that  the  members  of  the  committee 
should  be  kept  informed  by  Headquarters  whenever  out- 
standing members  of  The  Institute  intend  passing  through 
their  zone.  The  committee  man  of  that  zone  could  then 
communicate  with  such  members  with  a  view  to  having 
them  visit  the  Branch  and,  if  desired,  present  a  paper. 
The  individual  members  of  the  committee  should  also  in- 
form Headquarters  when  engineers  of  their  zone  are  travel- 
ling to  other  zones. 

In  this  way  it  is  considered  that  not  only  would 
valuable  papers  be  obtained  but  that  the  branches  would 
receive  much  benefit  from  meeting  men  from  Headquarters 
or  from  other  zones. 

Mr.  Durley  was  able  to  obtain  this  year  some  very 
interesting  moving  picture  films  from  England  and  it  is 
thought  that  such  films  might  be  circulated  with  great 
benefit  to  the  branches. 

Respectfully  submitted, 

C.  S.  L.  Hertzberg,  m.e.i.c,  Chairman. 

Publication  Committee 

The  President  and  Council:— 

In  view  of  the  fact  that  the  transactions  of  The 
Institute  have  not  been  published  this  year,  your  committee 
has  to  report  that  neither  papers  nor  other  matters  have 
been  submitted  to  it  and  that,  therefore,  it  has  been  un- 
necessary to  hold  meetings. 

Respectfully  submitted. 

Hector  Cimon,  m.e.i.c.  Chairman. 

Library  and  House  Committee 

The  President  and  Council: — 

The  work  of  the  library  and  information  service  has 
been  carried  on  as  extensively  as  the  funds  and  staff  avail- 
able would  permit.  Your  committee  would  draw  atten- 
tion to  the  increasing  value  for  purposes  of  professional 
information  of  our  files  of  back  numbers  of  engineering 
periodicals  and  proceedings.  The  very  small  appropriation 
available  is  spent  almost  entirely  on  subscriptions  to  these 
periodicals,  practically  no  books  being  purchased.  For  its 
accessions  the  library  is  dependent  on  donations  so  far  as 
technical  books  are  concerned. 

The  following  are  the  statistics  for  library  activities 
during  1934;  the  figures  do  not  differ  materially  from  those 
for  1933:— 

Requests  for  information 617 

Requests  for  text  books,  periodicals,  reprints,  etc 487 

Technical  books  borrowed 102 

Bibliographies  compiled  for  members 32 

Accessions  to  library  (largely  reports,  etc.) 597 

Requests  for  i)hotoprints 30 

Total  pages  of  photoprints  furnished  to  members 169 

Books  presented  for  review  by  publishers 22 


The  headquarters  premises  have  been  maintained  in 
good  condition.  After  over  twenty  years'  service  it  has 
been  found  necessary  to  make  changes  in  some  of  the 
heating  mains,  renew  a  considerable  portion  of  the  electric 
wiring  in  the  basement,  and  continue  the  renewal  of  portions 
of  the  exterior  wood  work,  all  at  a  cost  of  approximately 
$600.00. 

Respectfully  submitted, 

A.  CousiNEAU,  A. m.e.i.c.  Chairman. 

Report  of  the  E.I.C.  Members 

of  the  Main  Committee 

of  the 

Canadian  Engineering  Standards  Association 

The  President  and  Council: — • 

The  Institute  nominees  on  the  Main  Committee  of  the 
Canadian  Engineering  Standards  Association  are  now  as 
follows : — 

Dean  C.  J.  Mackenzie,  m.e.i.c,  retires  March,  1935. 

Mr.  J.  Morrow  Oxley,  m.e.i.c,  retires  March,  1936. 

Mr.  P.  L.  Pratley,  m.e.i.c,  retires  March,  1937. 

During  the  year  a  new  Sectional  Committee  on  Steel 
Construction  has  been  organized,  under  which  a  Sub- 
committee on  Procedure,  Specifications  and  Standards,  and 
Panels  on  Unit  Stresses  for  Bridges,  Unit  Stresses  for  Build- 
ings, and  Structural  Welding  are  now  operating.  The  Sub- 
committee above  referred  to  replaces  the  Joint  Panel  on 
Structural  Steel  for  Bridges  and  Buildings  which  was  re- 
ported last  year. 

Industi'ial  conditions  are  still  having  their  effect  on  the 
income  of  the  Association.  There  have  been  five  resigna- 
tions from  sustaining  membership,  and  two  sustaining 
members  have  felt  compelled  to  reduce  their  subscriptions. 
To  offset  this,  however,  there  have  been  added  eight  new 
sustaining  members,  one  member  has  increased  the  sub- 
scription, and  three  former  members  have  resumed  member- 
ship. The  total  number  of  sustaining  members  and  sub- 
scribers is  now  sixty-eight,  and  the  total  amount  received 
for  the  year  was  $5,160,  which  is  a  reduction  of  only  $40 
from  the  amount  received  in  1933. 

The  Association  continues  to  occupy  quarters  in  Room 
3064  of  the  National  Research  Building,  through  the  cour- 
tesy of  the  National  Research  Council,  and  with  other 
economies  which  have  been  effected  the  Association  has 
thus  been  able  to  carry  on  for  the  year. 

The  Secretary  attended  the  annual  meetings  of  the 
Canadian  Electrical  Association  and  The  Engineering 
Institute  of  Canada,  and  in  May  a  joint  meeting  with  the 
Standardization  Committee  of  the  American  Railway  En- 
gineering Association  was  held,  at  which  several  of  the 
officers  and  members  of  the  Association  were  given  an 
opportunity  to  give  information  on  the  work  of  the  C.E.S.A. 

At  the  Annual  Meeting  of  the  Association  and  at  a 
meeting  of  the  Main  Committee,  a  proposed  reorganization 
of  the  Main  Committee  was  under  discussion  and  it  was 
decided  to  take  this  in  hand  actively.  It  is  expected  that 
a  report  from  the  Executive  Committee  will  be  sent  out 
shortly  for  approval.  The  financial  situation  of  the  Associa- 
tion was  also  discussed,  and  it  is  hoped  to  put  this  on  a 
more  stable  basis. 

The  publication  of  the  C.E.S.A.  Bulletin  has  been 
continued  and  is  serving  a  very  useful  purpose.  It  has  not 
been  found  possible  to  resume  the  publication  of  the  Year 
Book,  owing  to  lack  of  funds,  but  it  is  hoped  that  this  can 
be  resumed  before  long  as  it  has  been  exceedingly  valuable 
in  promoting  publicity  for  the  work. 

Work  in  Progress 

A  —  Civil  Engineering  and  Construction 

Building  Materials. — The  Panel  on  Brick  Sizes,  after 

very  carefully  studying  the  situation,  completed  its  report, 

and  this  has  been  generally  approved  by  the  Committee 
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on  Building  Materials  and  is  now  before  this  Committee 
by  letter  ballot.  The  report  recommends  one  size  of  brick 
for  all  purposes  and  includes  suggestions  for  wall  construc- 
tion using  the  recommended  size. 

Close  contact  has  been  maintained  with  the  com- 
mittees dealing  with  the  Toronto  Building  By-laws,  and 
C.E.S.A.  specifications  will  be  recognized  wherever  possible. 

Wood  Poles  and  Piling. — As  decided  upon  at  the  meet- 
ing of  the  Main  Committee,  arrangements  will  be  made  to 
merge  the  different  committees  on  Wood  Poles,  and  it  is 
hoped  to  take  up  more  actively  during  the  coming  year 
the  question  of  standards  for  both  eastern  and  western 
timber,  also  the  proposed  specification  for  piling. 

B  —  Mechanical  Engineering 

Screw  Products. — The  standard  for  Non-heat-treated 
Machine,  Carriage  and  Plough  Bolts  was  issued  in  August, 
and  it  is  believed  that  this  standard  now  represents  up-to- 
date  practice  in  Canada.  Information  is  given  on  the 
heavier  type  of  Machine  Bolts  which  are  used  in  railroad 
practice,  but  this  does  not  include  track  bolts.  The  latest 
information  on  wrench  openings  and  nuts  for  the  different 
types  of  bolts  is  also  included,  and  the  standard  is  strongly 
recommended  for  adoption  by  those  interested. 

No  further  action  has  been  taken  with  reference  to 
standards  for  Wood  Screws  and  Small  Rivets.  It  has  been 
found  difficult  to  get  agreement  on  the  proposed  standard 
for  Small  Rivets  and  a  final  decision  has  not  yet  been 
reached. 

Safety  Code  for  Passenger  and  Freight  Elevators. — The 
first  draft  and  the  comments  thereon  are  still  before  the 
Committee,  but  a  special  panel  has  been  organized  to  review 
these  comments  and  prepare  a  revised  draft  and  a  report 
is  not  yet  available. 

Safety  Code  for  Mechanical  Refrigeration. — A  commit- 
tee has  been  organized  to  study  this  question,  but  it  is 
possible  that  this  work  may  be  taken  over  by  the  National 
Research  Council,  who  are  studying  the  question  of  safety 
codes  in  general. 

Oil  Burners. — The  Association  has  been  advised  that 
this  work  will  probably  be  taken  over  by  the  National 
Research  Council,  but  final  arrangements  have  not  yet 
been  made. 

C  —  Electrical  Work 

Canadian  Electrical  Code,  Part  I. — As  a  result  of  a 
meeting  of  the  Special  Committee  on  Code  Revisions,  held 
in  March,  the  final  revisions  for  the  third  edition  have  been 
approved  by  the  Code  Committee  and  also  by  the  Sectional 
and  Main  Committee  of  the  Association,  and  the  third 
edition  of  the  Code  is  now  off  the  press  and  is  being  issued 
as  the  Canadian  standard  for  1935. 

In  connection  with  Part  II  of  the  Code,  covering 
Approval  Specifications,  the  specifications  for  Service  En- 
trance and  Branch  Circuit-breakers,  Capacitors  (Electrical 
Condensers),  Fractional  Horsepower  Motors,  Electric  Port- 
able Lighting  Devices  and  Outlet  Boxes  have  been  pub- 
lished and  specifications  for  Motor-operated  Blowers  and 
Stokers  and  Electrical  Equipment  for  Gasoline  Measuring 
and  Discharge  Devices  are  now  on  the  press.  The  specifica- 
tion for  Electric  Heating  Pads  is  to  continue  in  draft  form 
until  November  1st,  1935.  Specifications  for  Insulated 
Conductors  for  Power-operated  Radio  Devices,  Cable  for 
Luminous-tube  Signs  and  Oil-burner  Ignition  Equipment, 
and  Soldering  Lugs  are  now  before  the  Code  Committee 
for  letter  ballot.  Revised  drafts  of  the  specifications  for 
Enclosed  Switches,  Transformers  for  Luminous-tube  Signs 
and  Oil-burner  Ignition  Equipment,  Industrial  Control 
Equipment,  Cord  Sets  and  Oil  Circuit  Breakers  are  now 
before  the  Panel  on  Specifications  for  final  approval. 
Specifications  for  Automatic  Controllers  of  Small  Capacity, 
Dust  Tight  Enclosures,  Auxiliary  Gutters,  Junction  Boxes 


and  Pull  Boxes,  Wireways  and  Busways  and  Asbestos- 
insulated  Stove  Wire,  have  been  out  for  comment  and  a 
summary  of  comments  received  is  now  before  the  Panel 
in  preparation  for  meetings  early  in  the  year.  First  drafts 
of  specifications  for  Panelboards,  Enclosed  Branch-circuit 
Cutouts,  Switchboards  and  Switching  Equipment,  Elec- 
trically-operated Refrigerating  Machines,  Electric  Cranes 
and  Hoists  and  Electrode  Receptacles  for  Luminous-tube 
Signs  have  been  sent  out  for  comment. 

The  publication  of  bulletins  to  electrical  manufacturers 
has  been  continued,  and  five  of  these  bulletins  have  been 
issued  during  the  year,  making  a  total  of  ten  issued  to  date. 

In  connection  with  Part  III  of  the  Code,  covering 
Outside  Wiring  Rules,  some  progress  has  been  made, 
particularly  in  connection  with  the  work  of  Sub-panel  No. 
3  on  Inductive  Co-ordination  and  Sub-panel  4  on  Con- 
ductive Co-ordination.  Under  Inductive  Co-ordination, 
the  draft  covering  Definitions  and  Principles  has  been 
generally  approved  by  the  Panel  on  Outside  Wiring  Rules, 
and  if  approval  can  be  obtained  it  is  proposed  to  issue 
this  in  mimeograph  form  in  the  meantime.  This  also  applies 
to  the  report  on  Principles  and  Practices  Governing  Radio 
Interference.  A  report  on  Conductive  Co-ordination  has 
been  approved  by  the  Panel  on  Outside  Wiring  Rules,  and 
also  by  the  Canadian  Transit  Association.  No  report  is 
available  on  Underground  Systems,  but  in  connection  with 
Su])-panel  No.  1  on  Overhead  Systems,  a  report  from  the 
railway  group  on  wire  crossings  was  sent  out  for  comment, 
also  a  preliminary  draft  on  Overhead  Systems,  and  com- 
ments on  these  documents  are  still  being  received. 

Enamelled  Magnet  Wire. — It  is  hoped  to  have  a  second 
meeting  of  the  Committee  to  discuss  the  second  draft  of 
this  specification  early  in  the  year. 

Insulated  Power  Cable. — A  meeting  of  the  Committee 
was  held  during  the  year  and  a  complete  revised  draft  has 
been  sent  out  to  the  Committee  for  their  comment.  It  is 
hoped  to  have  a  further  meeting  early  in  the  year,  at  which 
it  may  be  possible  to  secure  approval  of  this  draft. 

Dielectric  Strength  and  Insulation  Resistance. — In  the 
discussion  of  rules  in  Part  I  of  the  Canadian  Electrical 
Code,  and  in  the  preparation  of  approval  specifications 
under  Part  II  of  the  Code,  it  has  been  found  that  there 
has  been  difficulty  in  securing  uniform  standards  for 
dielectric  strength  and  insulation  resistance,  and  it  has 
now  been  decided  to  organize  a  committee  to  deal  with 
this  subject  and  it  is  hoped  to  take  this  matter  up  actively 
early  next  year. 

G  —  Ferrous  Metallurgy 

Heavy  Steel  Shaft  Forgings.— At  a  meeting  of  the 
Committee  held  during  the  year,  the  revised  specification 
was  prepared  and  is  still  before  the  members  of  the  Com- 
mittee for  comment. 

Commercial  Bar  Steel. — It  is  believed  that  the  existing 
C.E.S.A.  specifications  might  be  revised  with  advantage, 
and  a  circular  has  been  issued  to  the  Committee  giving 
information  on  the  situation  and  asking  for  suggestions  as 
to  future  revisions. 

Reinforcing  Materials  for  Concrete. — Revisions  to  the 
three  C.E.S.A.  specifications  are  also  being  considered,  and 
information  has  been  sent  out  to  the  Committee  asking 
for  their  comments. 

S  —  Steel  Construction 

The  Sub-committee  on  Procedure,  Specifications  and 
Standards  has  now  reported,  and  four  new  specifications 
covering  Medium  Steel,  Mild  Steel,  Silicon  Steel  and  Rivet 
Steel  have  been  prepared.  The  Sub-committee  has  also 
approved  a  report  on  proposed  Unit  Stresses  for  Bridges 
and  Buildings.  The  specifications  and  the  report  will  be 
presented  to  the  Sectional  Committee  for  approval  and 
also  to  the  Chairmen  of  existing  C.E.S.A.  Committees  on 
Steel  Railway  Bridges,  Steel  Highway  Bridges,  and  Steel 
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Structures  for  Buildings,  for  consideration,  with  the  object 
of  revising  the  C.E.S.A.  specifications  on  bridges  and 
buildings  if  necessary.  A  report  on  the  Welding  standards 
is  not  yet  available. 

Co-operation  and  Publicity 

Contact  with  the  British  Standards  Institution,  par- 
ticularly with  the  work  on  approval  specifications,  has  been 
continued  and  many  helpful  suggestions  have  been  received. 

As  a  matter  of  interest,  the  B.S.I,  has  issued  a  speci- 
fication for  Electric  Signs,  which  has  been  largely  inspired 
by  the  specification  issued  by  the  C.E.S.A. 

The  drafts  of  approval  specifications  are  sent  to  the 
Underwriters'  Laboratories  at  Chicago,  and  the  Stand- 
ardization Committee  of  the  National  Electrical  Manu- 
facturers Association  at  New  York,  and  this  contact  has 
proved  of  great  benefit. 

The  Association  is  again  indebted  to  the  technical  press 
and  newspapers  for  their  generous  co-operation  in  giving 
publicity  to  the  work  of  the  Association  and  the  announce- 
ment of  new  publications. 

The  sale  of  publications  has  kept  up  well  and  there  is 
every  indication  that  they  are  being  freely  used  throughout 
Canada. 

The  regular  exchange  of  publications  with  the  different 
standardizing  bodies  has  been  continued,  particularly  with 
the  standardizing  bodies  of  Great  Britain  and  the  other 
Dominions.  A  standardizing  organization  has  now  been 
established  in  Greece,  and  a  set  of  C.E.S.A.  publications 
has  been  sent  to  them  for  their  information. 

Respectfully  submitted, 

C.  J.  Mackenzie,  m.e.i.c. 

Committee  on  Relations  with  National  Societies 

The  President  and  Council: — 

The  Committee  on  Relations  with  National  Societies 
has  had  a  restful  year. 

We  note  that  the  International  Electrotechnical  Com- 
mission held  a  very  good  meeting  at  Prague,  Czechoslovakia, 
in  October,  1934.  The  attendance,  as  might  be  expected, 
was  much  smaller  than  usual;  that  condition,  however, 
was  not  the  fault  of  Great  Britain — twenty-seven  technical 
experts  from  the  British  Isles  having  been  in  attendance. 
All-America,  which  usually  had  from  twenty  to  thirty 
representatives  at  these  international  gatherings — one  or 
two,  being  the  usual  number  of  delegates  from  Canada — 
had  one  lone  representative,  Mr.  R.  E.  Hellmund,  from 
the  United  States  National  Committee. 

An  effort  is  being  made  to  hold  a  large  Plenary  Meet- 
ing with  Belgium  and  Holland  combining  as  host-countries, 
next  year. 

The  success  of  the  international  Prague  meeting,  com- 
ing as  it  did  at  "an  exceptionally  difficult  period  of  world 
depression  and  extreme  economic  'nationalism',''  seems  to 
be  worth  recording. 

Respectfully  submitted, 

John  Murphy,  m.e.i.c,  Chairman. 

Board  of  Examiners  and  Education 

The  President  and  Council: — 

The  results  of  the  examinations  held  during  1934  for 
admission  to  The  Institute  are  as  follows: — 

\7         f  ^O.  of 

■  "■'  Candidates 

Description  No.  of       Papers    No.  of  Papers    romvletelv 

Candidates  Written  Passed   Failed       p„\.„^j 
Examined  under 
Schedule  "B" 

(Junior) 1  1  ..  1 

Examined  under 
Schedule  "C" 
(Associate  Member) — 
Structural 

Engineering 1  3  1  2 

Electrical 

Engineering 1  2  2..  1 

Metallurgical 
Engineering 1  2  1  1 


Your  Board  also  reported  favourably  on  the  standing 
of  the  examinations  set  by  the  Institution  of  Electrical 
Engineers  of  Great  Britain,  and  also  on  the  standing  of 
the  engineering  undergraduates  attending  the  Memorial 
University  College,  St.  John's,  Newfoundland. 
Respectfully  submitted, 

A.  F.  Dyer,  a. m.e.i.c.  Chairman. 

Unemployment  Committee 

The  President  and  Council: — 

Your  committee  wishes  to  report  regarding  its  work 
during  the  year  1934.  Before  doing  so,  however,  a  short 
summary  of  activities  to  date  may  be  of  interest. 

The  apointment  of  this  committee  was  first  made  by 
Council  on  April  15th,  1932,  when,  due  to  unsatisfactory 
conditions  throughout  Canada,  it  was  felt  that  Council 
should  have  reUable  data  as  to  the  extent  of  unemployment 
among  the  members  of  The  Institute.  Your  committee's 
first  step  was  to  make  a  general  survey  of  the  membership 
and  as  a  result  of  its  findings'  The  Institute  branches  were 
requested  to  form  local  committees  to  assist  unemployed 
members  in  their  districts. 

Since  that  time  these  committees  have  been  of  great 
assistance  to  those  unemployed  in  locating  positions.  They 
have  supervised  relief  payments  where  necessary,  and  have 
enabled  your  committee  to  keep  in  touch  with  conditions 
in  the  various  branches. 

In  September  1933  further  enquiries  were  made  of  all 
branches  as  to  the  number  then  known  to  be  unemployed 
and  in  need  of  relief.  The  information  received  was  pre- 
sented to  the  Plenary  Meeting  of  Council  in  October 
1933.2  ^]^Q  report  also  included  particulars  of  133  place- 
ments on  the  supervisory  staffs  of  the  Department  of 
National  Defence  Relief  Camps.  These  openings  were  at 
that  time,  and  have  since,  proved  to  be  of  great  assistance 
to  many  of  our  members  in  need  of  relief. 

In  April  1934,  believing  that  possibly  there  was  more 
unemployment  among  our  members  than  the  registration 
at  headquarters  indicated,  your  committee  again  commun- 
icated with  all  branches  requesting  a  check  on  the  members 
known  to  be  unemployed  or  in  need  of  relief,  and  data 
regarding  expenditures  for  relief  and  any  other  pertinent 
information  available. 

As  a  result  of  the  repUes  received  it  was  possible  to 
report  to  a  meeting  of  Council  on  June  15th,^  that  it  was 
estimated  there  had  been  a  reduction  in  unemployment 
among  members  of  approximately  25  per  cent.  This  re- 
duction was  apparently  greater  among  our  own  members 
than  among  engineers  generally,  also  some  localities  were 
better  than  others.  At  that  time,  however,  the  number 
registered  with  The  Institute  Employment  Service  Bureau 
had  not  diminished,  as  the  1934  engineering  graduates  had 
just  been  added  to  our  lists.  A  considerable  improvement 
was  shown  on  January  1st,  1935,  however,  with  334  reg- 
istered, as  compared  with  January  1st,  1934,  when  the 
number  was  384,  of  whom  some  35  per  cent  are  actually 
employed  in  temporary  or  part  time  work. 

In  order  that  up-to-date  information  might  be  available 
for  your  committee's  annual  report,  a  further  communica- 
tion was  sent  to  all  branches  in  November  1934,  enclosing 
a  list  of  those  in  each  branch  then  registered  as  unemployed 
at  headquarters  and  requesting  particulars  of  the  activities 
of  their  unemployment  committees  during  the  year.  At 
the  same  time  headquarters  communicated  with  all  those 
registered  with  the  Employment  Service  Bureau  who  had 
not  been  heard  from  for  some  time;  as  a  result  of  this 
check  and  other  placements,  it  has  been  possible  to  reduce 
the  number  registered  to  that  mentioned  above. 


»  Engineering  Journal,  July  1934,  p.  335. 

2  Engineering  Journal,  December  1933,  p.  528. 

»  Engineering  Journal,  July  1934,  p.  335. 
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Sixteen  branches  returned  a  report  of  their  activities 
and  from  an  examination  of  these  it  would  appear  that  no 
branches  other  than  Toronto,  Kingston  and  Montreal  had 
members  in  immediate  need  of  relief,  or  had  found  it 
necessary  to  make  an  expenditure  for  relief  purposes. 
Montreal  had  the  largest  expenditure,  amounting  to 
$1,208.60,  members  of  the  branch  subscribing  $710  during 
the  year  to  a  special  fund  for  relief  purposes.  Other 
branches  found  it  unnecessary  to  add  to  previous  contribu- 
tions, or  utilized  surplus  branch  funds.  A  sjmopsis  of  the 
comments  received  from  the  branch  committees  appear  as 
follows : — 

Cape  Breton— Steady  improvement.  Prospects  better  than  they  have 
been  for  some  time. 

Halifax^Prospects  for  employment  during  winter  and  spring  not  very 
good.  Recent  mining  activity  has  helped  situation  but  con- 
struction at  low  ebb. 

Saint  John — ^Prospects  for  employment  during  winter  are  not  very 
bright  particularly  for  students.  For  the  spring,  highway 
construction  would  appear  to  be  the  only  work  in  view. 

Quebec — Number  of  unemployed  have  decreased  and  conditions  seem 
to  be  improving. 

Montreal — Considerable  decrease  in  the  number  of  imemployed,  but 
little  demand  for  more  experienced  men  at  present. 

Ottawa — Slightly  improved  conditions  but  prospects  for  1935  not 
definite.  Fourteen  engineers  in  district  have  left  positions  on 
the  supervisory  staffs  of  the  Department  of  National  Defence 
Relief  Camps  to  take  more  remunerative  positions. 

Kingston — Employment  meagre  during  winter.  The  last  eighteen 
months  would  have  been  disastrous  except  for  the  Department 
of  National  Defence  Unemployment  Relief  Camps. 

Peterborough — Conditions  are  brighter  than  for  some  years. 

Toronto — Employment  situation  has  improved,  very  few  requests  for 
assistance  from  Loan  Fund. 

Niagara  Peninsula — Considerable  number  of  engineers  unemployed,  or 
employed  in  other  lines.  Poor  prospects  for  further  em- 
ployment on  either  public  works  or  industrially  during  winter. 
Spring  prospects  will  vary  with  amount  of  local  public  works 
allocation. 

Border  Cities — Employment  prospects  for  winter  and  spring  much 
better  than  a  year  ago. 

Saskatchewan — Possibly  some  improvement,  but  very  slight. 

Lethbridge — Expect  sufficient  employment  for  all  members  without 
relief  assistance. 

Edmonton — ^At  present  rather  quiet  but  expect  considerable  temporary 
employment  will  be  available  in  the  spring. 

Vancouver — -Present  engineering  employment  in  British  Columbia  rated 
at  not  higher  than  50  to  60  per  cent  of  normal. 

Victoria — ^Situation  slightly  better  than  last  winter.  No  immediate 
prospects  for  employment  other  than  Department  of  National 
Defence  Unemployment  Relief  Camps. 

From  the  above  reports  it  would  appear  that  nearly 
all  branches  find  conditions  somewhat  improved.  Several, 
however,  expressed  the  hope  that  both  Federal  and  provincial 
governments  would  endeavour  to  carry  out  as  large  con- 
struction programmes  as  possible  in  the  near  future  with  a 
view  to  relieving  unemployment. 

It  has  been  hoped  that  the  programme  of  work  being 
undertaken  by  the  Federal  Public  Works  Department  would 
provide  employment  on  their  staffs  for  a  number  of  en- 
gineers. However,  the  department  was  able  to  carry  out 
their  programme  with  very  few  additions  to  their  staff. 

A  satisfactory  indication  of  improved  conditions  is  the 
heavy  outflow  of  engineers  from  the  Relief  Camps  of  the 
Department  of  National  Defence,  many  of  whom  are  known 
to  have  gone  to  better  positions.  Throughout  Canada  over 
one  hundred  engineers,  or  over  one-half  of  the  number  em- 
ployed on  the  supervisory  staffs,  have  left  the  camps  during 
the  past  year. 

Council's  Committee  on  Unemployment  desires  to 
thank  all  Branch  Executives  and  Branch  Unemployment 
committees  for  the  good  work  already  accomplished. 
They  wish  to  record  also  their  appreciation  of  the  co- 
operation shown  in  a  number  of  centres  by  the  Associa- 
tions of  Professional  Engineers  in  assisting  in  relieving 


unemployment.  The  work  of  Colonel  R.  E.  Smythe, 
A.M.E.i.c,  chairman  of  the  Toronto  Branch  Unemploy- 
ment committee,  should  be  particularly  mentioned.  Final- 
ly, they  wish  to  express  their  thanks  to  all  who  contributed 
towards  the  actual  relief  of  needy  cases. 

Your  committee  has  understood  its  purpose  to  be  the 
finding  of  work  and  the  helping  of  needy  unemployed 
engineers  by  supporting  and  co-ordinating  the  efforts  of 
the  various  branch  committees  and  feel  that  this  work 
may  have  to  continue  for  some  time  yet  owing  to  the 
uncertainty  still  prevalent  in  business  generally. 
Respectfully  submitted, 

D.  C.  Tennant,  m.e.i.c.  Chairman. 

Employment  Service  Bureau 

The  President  and  Council: — 

The  Employment  Service  Bureau  of  The  Institute  is 
able  to  report  an  improvement  in  employment  conditions, 
as  will  be  seen  by  the  following  figures  for  placements 
effected  during  the  last  four  years: — 

1931  1932  1933  1934 

33  58  50  70 

The  following  figures  show  the  extent  of  the  Bureau's 
work  for  1934  as  compared  with  1933: — 

1934  1933 

Number  of  registrations  diu-ing  the  year — members ....  102  138 

Number  of  registrations  during  year — non-members  ...  39  46 

Number  of  members  advertising  for  positions 115  102 

Replies  received  from  employers 56  21 

Vacant  positions  registered 124  92 

Vacancies  advertised 16  4 

Replies  received  to  advertised  vacancies 59  16 

Men  notified  of  vacancies 139  147 

Men's  records  forwarded  to  prospective  employers ....  44(>  210 
Placements  —  temporary  and  permanent  —  definitely 

known 70  50 

The  above  placements  do  not  include  eleven  members 
and  four  non-members  placed  on  the  Supervisory  Staffs  of 
the  Department  of  National  Defence  Unemployment  Relief 
Projects,  in  which  the  Employment  Service  Bureau  worked 
in  conjunction  with  the  Branch  Unemployment  Committees. 

At  the  present  time  334  members  are  registered  with 
the  Employment  Service  Bureau,  95  of  whom  are  tem- 
porarily employed  and  29  employed  with  the  Department 
of  National  Defence  Unemployment  Relief  Camps. 

The  principal  demand  has  been  for  mechanical  engi- 
neers with  pulp  and  paper  mill  experience,  draughtsmen  in 
the  same  line,  plant  engineers,  and  chemical,  metallurgical 
and  mining  engineers.  There  have  been  a  number  of 
enquiries  for  sales  engineers,  but  in  several  cases  on  a 
commission  basis  only,  which  accounts  for  a  number  of 
the  unfilled  vacancies. 

The  bureau  has  been  instrumental  in  placing  a  number 
of  1933  and  1934  graduates  in  mechanical,  electrical  and 
chemical  engineering,  mainly  in  the  Montreal  district,  and 
at  the  present  time  comparatively  few  recent  graduates  in 
mechanical  and  chemical  engineering  are  registered  with 
the  bureau.  At  this  point  may  we  point  out  to  members 
the  advantages  of  being  registered  with  the  bureau.  When 
we  are  notified  of  a  vacant  position  prompt  action  is 
necessary  so  that  only  the  records  of  experience  of  members 
already  on  file  can  be  forwarded  to  the  prospective  em- 
ployer. Usually  there  is  not  time  even  to  notify  the  mem- 
bers of  the  vacancy  before  sending  out  their  records  for 
consideration. 

In  some  cases  a  registrant's  engineering  record  has  been 
sent  out  in  this  way  as  many  as  ten  times  without  his 
knowledge;  thus  as  a  rule  members  are  not  aware  of  the 
extent  of  service  received  through  having  their  names  and 
records  on  file  with  the  bureau. 

In  December  1934  a  questionnaire  was  sent  to  all 
members  registered  with  the  Employment  Service  Bureau, 
with  whom  we  had  not  been  in  communication  for  some 
time,  in  order  to  ascertain  if  they  had  secured  employment. 
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One  hundred  and  ninety-three  letters  were  sent  out  and 
rephes  have  been  received  as  follows: — 

22  have  secured  employment  and  wish  their  names  re- 
moved. 
48  have  secured  temporary  employment  in  engineering 
and  otherwise  but  wish  their  names  retained  on 
the  list  of  men  available. 


45  are  still  unemployed. 

The  above  information  is  felt  to  be  distinctly  encourag- 
ing and  should  employment  conditions  continue  to  improve 
as  now  seems  likely,  it  will  be  possible  to  place  many  more 
of  our  unemployed  members. 

Respectfully  submitted, 

R.  J.  DuRLEY,  M.E.i.c,  General  Secretary. 


Border  Cities  Branch 

The  President  and  Council : — 

The  Executive  committee  of  the  Border  Cities  Branch,  ICngineer- 
ing  Institute  of  Canada,  submits  the  following  report  for  the  calendar 
year  1934. 

The  Executive  committee  has  held  seven  meetings  for  the  transac- 
tion of  business  during  the  past  year. 

Eight  regular  dinner  meetings  and  one  special  meeting  were  held 
as  follows: — 

1934 

Jan.    12. — The  Diesel  and  High  Speed  Engines  by  Boyd  Candlish, 
A. M.E.I.C,  of  the  Palmer  Bee  Co.,  Detroit.     Attendance, 
36. 
Feb.   16.— A  Trip  Through  the  Past  by  Mr.  Ernest  Wilby,  a.a.i.a.. 
Professor  of  Architecture  at  the  University  of  Michigan, 
Ann  Arbor.     Attendance,  22. 
Mar.    9. — The   Development   of   Cementing   Materials  and   Ar- 
chitectural Concrete  from  Earliest  Times  by  J.  M. 
Breen,  a.m.e.i.c,  technical  engineerof  the  Canada  Cement 
Co.,  Montreal.     Attendance,  20. 
April  20. — An  Adventure  in  Politics  by  S.  E.  McGorman,  m.e.i.c, 
of  the  Canadian  Bridge  Co.,  Walkerville,  and  Mayor  of 
Ojibway.     Attendance,  26. 
May  18. — The  Design  and  Construction  of  the  Dominion  Public 
Building  in  Windsor  by  Mr.  H.  P.  Sheppard,  of  Sheppard 
and  Masson,  architects.     Attendance,  17. 
May  25. — Visit  to  the  Dominion  Public  Building  conducted  by  Mr. 

H.  P.  Sheppard.     Attendance,  27. 
Oct.    19. — The  Electronic  Valve  by  Mr.  George  Chute,  of  the  General 

Electric  Co.     Attendance,  28. 
Nov.  16.— Gasoline  by  Mr.  J.  M.  Miller,  of  the  Standard  Oil  Co.  of 

Indiana.     Attendance,  30. 
Dec.  14. — Construction    of    a    Steel    Plant    in    Russia    by    Mr. 
M.    J.    Wohlgemuth,   of   the   Westinghouse  Electric  Co. 
Attendance,  50. 
The  average  attendance  at  regular  meetings  was  29. 
The  papers  submitted  throughout  the  year  have  been  of  a  high 
standard.     We  are  glad  to  announce  that  our  papers  committee  has 
secured  speakers  for  each  meeting  up  to  the  close  of  the  winter  season. 

Membership 
The  membership  of  the  Branch  is  made  up  as  follows: — 

Non-  Non- 

Resident      Resident         Total  Active 

Members 12  2  14  3 

Associates 25  7  32  9 

Juniors 1  2  3 

Students 9  4  13 

Affiliates 1  ..  1 

48  15  63  12 

A  comparison  of  our  present  membership  with  that  of  other  years 
is  shown  in  the  following  table: — 

1930       1931       1932       1933       1934 

Members 23  24  21  17  14 

Associates 50  53  42  34  32 

Juniors 12  12  8  5  3 

Students 16  15  11  11  13 

Affihates 11111 


Branch  Reports 

Expenditure 

Printing $  39.32 

Stamps  and  telegrams 3 .  63 

Typing 11.00 

Telephone .70 

Meals 94 .  50 

Flowers 15.00 

Miscellaneous 9 .  70 

Balance  on  hand  in  bank 144.88 

Accounts  receivable 14 .  40 


102         105  83  68 

Financial  Statement 
(For  the  year  ending  December  31st,  1934) 
Receipts 

Balance  on  hand,  January  1st,  19.34 $  68. 13 

Rebates  on  dues,  October,  November,  December, 

1933 10.35 

Rebates  on  dues,  January  to  September  (inch), 

1934,  less  exchange 104.40 

Rebates  on  expenses  account  plenary  meeting,  less 

exchange 60 .  85 

Dinner  receipts 66 .  00 

Rebates  on  dues,  October,  November,  December, 

1934 14.40 


63 


.S333.13 

Respectfully  submitted, 

H.  J.  A.  Chambers,  a.m.e.i.c,  Chairman. 

C.  F.  Davison,  a.m.e.i.c,  Secretary-Treasurer. 


Calgary  Branch 

The  President  and  Council: — 

On  behalf  of  the  Executive  committee  of  the  Calgary  Branch,  we 
are  happy  to  anounce  considerable  progress  during  the  past  year. 

The  following  report  covers  the  activities  of  our  Branch  from 
January  1st  to  December  31st,  1934. 

Membership 


Members 

Associate  Members 

December  31st,  1934 
Non- 
Resident      Resident         Total 

16                  8                24 

46                 13                 59 

Juniors 

Students 

Branch  Affiliates 

3 

13 

10 

1                   4 

4                17 

10 

$333.13 


88  26  114 

It  is  with  deep  regret  that  we  have  to  report  the  passing  of  B.  S. 
Smith,  Affil.E.i.c,  on  May  16th,  1934. 

During  the  year  we  have  added  seven  associate  members,  one  of 
which  was  a  transfer  from  junior  grade,  and  one  transferred  from  an- 
other branch,  while  three  students  were  added. 

Several  applications  are  pending  for  membership  in  various  grades. 

The  Executive  committee  met  nine  times  dui'ing  the  year  to  deal 
with  and  dis]X)se  of  the  various  items  which  arose.  An  Unemployment 
committee  dealt  with  all  questions  pertaining  to  that  activity. 

General  Meetings 
Fifteen  general  meetings  were  held,  and  the  interest  and  attend- 
ance at  each  were  a  marked  success.  The  papers  and  discussions  were 
particularly  interesting  and  timely.  Among  the  many  subjects,  one 
innovation  proved  a  decided  success,  i.e..  Students  and  Juniors  com- 
petition for  a  handsome  cash  prize,  and  so  successful  was  this  feature 
from  every  standpoint,  that  one  of  our  members  donated  a  prize  for 
a  similar  competition  this  season,  of  which  two  papers  have  already 
been  delivered,  and  several  others  will  be  given  at  intervals  during 
the  winter. 

1934 
Jan.    11. — Construction   of   the   Big   Bend   Highway   in   British 
Columbia  by  the  National  Parks  of  Canada  by  J.  M. 

Wardle,  m.e.i.c,  Banff.     Attendance,  100. 
Jan.   25.— Engine   8000   by   Mr.   T.   F.   Donald,   C.P.R.,   Montreal. 

Attendance,  110. 
Feb.   15. — Joint  dinner  with  Professional  Engineers  of  Alberta  and  the 
Canadian    Institute    of    Mining    and    Metallurgy.     At- 
tendance, 64. 
Mar.    1. — Students  Competition: 

1st.    Construction  and  Principals  of  Operation  of  the 

New  Sewage  Disposal  Plant  at  Bonnybrook. 
2nd.    The  Application  of  Heavisides  Operational  Cal- 
culus to  Engineering  Problems. 
Mar.    2. — Continuation  of  Students  Competition: 

3rd.    Railway  Construction  in  the  Peace  River  Block. 
4th.   Recent  Developments  in  Radio  Receiver  Design. 
Attendance,  85. 
May    3.^Construction  and  Operation  of  the  British  Grid  System 
(3  reels)  and  introductory  address  by  G.  H.  Thomson, 
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A.M.E.i.c,  general  manager,  Calgary  Power  Co.  Atten- 
dance, 60. 
May  25. — Construction  of  Power  Lead  Across  the  Desert  from  the 
Boulder  Dam  and  Construction  of  Cable  (G  reels), 
courtesy  of  Canada  Wire  and  Cable  Co.  Attendance,  35. 
May  26. — Inspection  of  Engine  8000   at   Ogden   Shops,   courtesy  of 

C.P.R.  and  Mr.  T.  F.  Donald.     Attendance,  20. 
July   23. — Complimentary  dinner  to  our  President,  F.  P.  Shearwood, 
M.E.i.c,  and  address  on  Bridge  Erection  by  F.  P.  Shear- 
wood,  M.E.i.c,  Montreal,  chief  engineer,  Dominion  Bridge 
Co.     Attendance,  35. 
Sept.  15. — Golf  Tournament.     Attendance,  35. 
Oct.   18. — From  the  Ground  Up  (5  reels).     Attendance,  76. 
Nov.    1. — Contest  open  to  Corporate,  Junior  and  Student  members — 
two  papers. 
1st.    Photo  Electric  Cells  and  Some  of  their  Applica- 
tions. 
2nd.   Pressure  Vessels  for  Cracking  Oil. 
Also    address   Timber   Design,   Working   Stresses   and 
Preservative  Treatment   by   W.    H.    Greene,   m.e.i.c, 
chief  engineer,  Canada  Creosoting  Co.  Ltd. 
Attendance,  45. 
Nov.  15. — Land  Utilization  and  Farming  Problems  on  Irrigated 
Projects  by  R.   S.   Stockton,   m.e.i.c,  C.P.R. ,   D.N.R., 
Experimental  Farm,  Strathmore. 
Air  Conditioning  by  W.  B.  Trotter,  a. m.e.i.c. 
Attendance,  50. 
Nov.  29. — Supper  Dance.     Attendance,  85. 

Dec.  13. — Commercial  Air  Transport  by  A.  Griffin,  m.e.i.c,  chief 
engineer,  C.P.R.,  D.N.R.,  Brooks. 
Activity  at  Vickers  Armstrong  Ltd.,  Barrow-in-Fur- 

nace  (6  reels). 
Attendance,  110. 
Average  attendance  at  meetings.  62.5. 

Financial  Statement 
Receipts 

Cash  in  bank,  January  1st $111 .38 

Interest  and  savings 47 .  25 

Rebates 189.88 

Application  fees 74 .  00 

Sale  of  bond 100.00 

Entertainments 46 .  30 

1568.81 

Expenditures 

Application  fees  to  Headquarters $  47.00 

Purchase  of  bond 98 .  96 

Meetings 121 .03 

Stamps  and  printing 72 .  81 

Entertainment 96 .  23 

Miscellaneous 29.00 

Balance  in  bank 103 .  78 

S568.81 

Assets 
(As  at  January  1st,  1935) 

Cash  in  bank $103 .  78 

Bonds  (market  value) 968.00 

Rebates  of  Members  fees  in  arrears 23 .  70 

$1,095.48 

Audited  and  found  correct, 

P.  A.  Fetterly,  A.M.E.i.c.        \  *     .•, 
W.  T.  McFarlane,  A.M.E.i.c.  /  ^^i^^'^ors. 

Respectfully  submitted, 

G.  P.  F.  Boese,  A.M.E.i.c,  Chairman. 
John  Dow,  m.e.i.c,  Secretary-Treasurer. 

Cape  Breton  Branch 

The  President  and  Council: — 

The  annual  report  of  the  Cape  Breton  Branch  is  as  under. 
During  the  year  the  Branch  held  foiu-  meetings  as  follows: — • 
1933 
Dec.  19. — Annual  Meeting  and  Banquet  at  which  H.  M.  Roscoe,  of 
Canadian  Industries  Limited,  read  a  paper  on  The  Manu- 
facture and  Use  of  Explosives.    This  paper  was  illus- 
trated and  gave  rise  to  much  discussion.     Attendance,  33. 
1934 
Jan.    16. — General  meeting  held,  by  invitation,  at  the  Royal  Cape 
Breton    Yacht    Club,    and    addressed    by    Major    J.    W. 
Maddin   on    Some    Engineering    Problems    of    Nova 
Scotia.     Attendance,  53. 
Feb.  20. — General  meeting  at  which  H.  C.  Carlton,  of  Reyrolle  Co., 
gave  an  illustrated  paper  on  The  Development  of  Metal- 
clad  Switch  Gear.     Attendance,  28. 
April    3. — General  meeting  at  which  G.  B.  Mitchell,  m.e.i.c,  of  the 
Atlas  Construction  Co.,  gave  some  reminiscences  of  his 
work  in  Central  and  South  America.    Attendance,  19. 
Due  to  the  difficulty  of  getting  speakers  we  have  not  been  able 
to  hold  meetings  during  the  fall  months  but  it  is  expected  that  monthlj^ 
meetings  will  be  resumed  throughout  the  winter.    We  much  regretted 


that  on  his  Maritime  visit  the  President  could  not  afford  the  time  to 
visit  us. 

Financial  Statement 

Receipts 

Balance  brought  forward $276. 50 

Rebates  from  Headquarters 46.60 

Sale  of  tickets  for  Annual  Meeting 31 .00 

$354.10 

E.tpendilures 

Annual  meeting $  80 .  85 

Printing  notices  of  meetings 6 .  25 

Other  expenses  at  meetings 2. 15 

Telegrams 2.91 

Stamps  and  secretarial  expenses 13 .  70 

Balance  on  hand 248 .  24 

$354.10 

Audited  and  found  correct, 

l.%.MoEEATT}Auditors. 

Respectfully  submitted, 

C.  M.  Smyth,  m.e.i.c.  Chairman. 

Sydney  C.  Mifflen,  m.e.i.c,  Secretary-Treasurer. 

Edmonton  Branch 

The  President  and  Council : — 

On  behalf  of  the  Executive  committee  of  the  Edmonton  Branch 
we  beg  to  submit  the  following  report  for  the  year  1934. 

Membership 

Dec.  31st,  1933 
Resident    Non-Resident 

Members 11  2 

Associate  Members 23  6 

Junior  Members 3 

Student  Members 33 

70  8 

Dec.  31st,  1934 
Resident    Non-Resident 

Members 10  3 

Associate  Members 18  6 

Junior  Members 5 

Student  Members 26 

59  9 

It  is  with  deep  regret  that  we  record  the  loss  of  W.  J.  Cimningham, 
A.M.E.I.C,  an  esteemed  member  of  this  Branch,  and  Mr.  G.  Law,  who 
until  recently  was  an  active  member  of  the  Branch.  Both  these 
gentlemen  passed  away  during  the  course  of  the  year. 

Meetings 
The  following  meetings  of  the  Branch  were  held  during  the  year : — 
1934 
Jan.     9. — Television  and  the  Sending  of  Pictures  by  Wire  by  Mr. 

A.  M.  Mitchell,  Comptroller  of  the  Alberta  Government 

Telephones.     Attendance,  35. 
Feb.     6. — The  Century  of  Progress  by  C.  E.  Garnett,  a. m.e.i.c,  of 

Gormans  Ltd.,  Edmonton.     Attendance,  18. 
Mar.  14. — Domestic   Waters  by   Mr.    W.    Calder,    Director  of  the 

Petroleum    and    Natural   Gas    Division,    Department   of 

Lands  and  Mines,  of  the  Alberta  Provincial  Government. 

Attendance,  24. 
May    2. — A  film  showing  the  Development  of  the  New  Super- 
Power    Transmission    System    in    Great    Britain. 

Attendance,  30. 
Oct.   24. — Development  of  Flying  in  the  North  Country  by  Mr. 

C.    H.    Dickins,    Superintendent   of    Canadian    Airways, 

Ltd.,  Western  Lines.     Attendance,  40. 
Nov.  20. — Films  loaned  to  the  E.I.C.  by  Vickers-Armstrong,  Ltd.,  and 

dealing  with  Steelmaking,  Aviation  and  Shipbuilding. 

Attendance,  21. 

Three  meetings  of  the  Executive  committee  were  held  to  deal 
with  special  questions  which  arose. 

Financial  Statement 
Receipts 

Balance  on  hand,  January  1st,  1934 $197.55 

Rebates  from  Headquarters 73 .  50 

Rebates  due  from  Headquarters,  December  31st, 

1934 14.55 

Surplus  from  1933  Special  Unemployment  Relief 

Fund 2.00 

$287.60 
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Expenditures 

Expenses  of  meetings $  36.25 

Postage 7 .00 

Printing 16.77 

Honorarium  to  Secretary-Treasurer 50.00 

}4  expenses  of  Branch  Chairman  to  Western  Pro- 
fessional Meeting  of  E.I.C.,  July  11th  to  14th. . .  31 .20 

Miscellaneous — telegrams,  flowers,  express 11 .97 

Accounts  receivable 14 .  55 

Balance  on  hand,  December  31st,  1934 119.86 

$287.60 

M°  k'g^a™'"'''''"'  ''■''■'■''■  }  Auditors. 

Respectfully  submitted, 

H.  R.  Webb,  a.m.e.i.c,  Chairman. 

R.  M.  Hardy,  s.e.i.c,  Secretary-Treasurer. 

Halifax  Branch 

The  President  and  Council : — 

On  behalf  of  the  Chairman  and  Executive  of  the  Halifax  Branch 
the  following  report  is  submitted  for  the  year  1934. 

Including  the   Annual   Meeting  there  have  been   eight  regular 
meetings  and  eight  meetings  of  the  Executive.     The  following  meet- 
ings were  held: — 
January. —     Annual  banquet  held  in  conjunction  with  the  Nova  Scotia 

Professional  Society  of  Engineers. 
February. —  Meeting  at  Halifax   hotel   addressed  by  E.   H.   James, 
M.E.i.c,  consulting  engineer,  of  Montreal,  on  Marine 
Substructures. 
March. —       Meeting  at  Halifax  hotel  addressed  by  Mr.  W.  B.  Burchall 
of  Canadian  Airways  on  The  Development  of  Cana- 
dian Airways.     Attendance,  40. 
July. —  Summer  meeting  at  Green  Acres,  Waverley,  N.S.     At- 

tendance, 75. 
October. —     Students  meeting.    Showing  of  films  loaned  by  Vickers- 

Armstrong  Ltd.     Attendance,  250. 
December. —  Meeting  at  Halifax  hotel  addressed  by  President  F.  P. 
Shearwood,  m.e.i.c,  on  matters  of  interest  to  members 
of  The  Institute.     Attendance,  45. 
December. —  Meeting  at  the  Nova  Scotia  Technical  College  addressed 
by   President   F.    P.    Shearwood,    m.e.i.c,   on    Some 
Problems    of    Bridge    Design    and    Construction. 
Attendance,  125. 
The  Executive  arranged  for  a  series  of  broadcasts  over  the  local 
radio  station  during  the  year.     These  broadcasts  were  on  subjects  of 
engineering  interest  intended  to  enlighten  the  public  regarding  the 
engineering  profession. 

1. — E.  L.  MUes,  M.E.I.C,  Standard  Paving  Company  (N.S.),  gave  a 
general  discussion  on  Roads  and  Road  Construction  and 
Dustless  Highways. 
2. — H.  S.  Johnston,  m.e.i.c,  chief  engineer,  Nova  Scotia  Power  Com- 
mission, gave  a  general  talk  on  Hydro-Electric  Stations  in 
Nova  Scotia. 
3. — I.  P.  MacNab,  m.e.i.c.  Public  Utilities  Commission,  gave  a  general 
outline  of  the  Public  Utilities  Act  and  a  discussion  as  to  how  it 
applies  to  the  various  utilities  in  Nova  Scotia. 
4. — W.  A.  Winfield,  m.e.i.c,  general  superintendent  of  plant.  Maritime 
Telegraph  and  Telephone  Company,  gave  a  general  talk  on  the 
dial  telephone  and  its  application  in  Nova  Scotia. 
5. — G.    V.    Douglas,    a.m.e.i.c,    professor  of   Geology   at   Dalhousie 
University,   gave  a  general  talk  on  The  Geology  of  Nova 
Scotia. 
6. — W.  P.  Copp,  m.e.i.c,  professor  of  Civil  Engineering  at  Dalhousie 
University,  gave  a  general  talk  on  Surveying  and  the  Method 
of  Determining  Boundaries  of  Lands. 
7. — J.  B.  Hayes,  a.m.e.i.c,  general  manager  of  the  Nova  Scotia  Light 
and  Power  Company,  gave  a  talk  on  the  service  given  by  his 
company  to  the  people  of  Nova  Scotia. 
8. — J.  Morris,  sales  engineer  of  Wm.  Stairs,  Son  and  Morrow,  Limited, 

gave  a  general  talk  on  Diesel  Engines. 
9. — W.  B.  MacKay,  a.m.e.i.c,  managing  director  of  Farquhar  Bros. 
Ltd.,  gave  a  talk  on  Modern  Heating  Systems. 
Arrangements  were  made  for  a  joint  meeting  of  representatives  of 
the  Halifax  Branch  and  of  the  Nova  Scotia  Society  of  Professional 
Engineers  at  which  the  general  subject  of  amalgamation  was  discussed 
and  a  general  policy  for  further  action  was  recommended  to  both 
Societies. 

Suggestions  to  other  Maritime  Branches  regarding  interchange  of 

speakers  have  been  made  to  other  Branches  of  The  Institute  and  it  is 

hoped  satisfactory  arrangements  can  be  made  during  the  coming  year. 

The  average  attendance  at  meetings  was  greater  than  during  the 

past  few  years  and  it  is  interesting  to  note  that  a  number  of  the  younger 

members  are  taking  a  more  active  interest  in  the  affairs  of  the  Branch. 

The  finances  of  the  Branch  are  in  good  shape  and  the  audited 

statement  shows  an  operating  balance  for  the  year  of  $26.98,  making 

the  total  cash  on  hand  at  the  close  of  the  year  1934 — $455.95. 

Respectfully  submitted, 

R.  L.  Dunsmore,  a.m.e.i.c,  Chairman. 

R.  R.  Murray,  a.m.e.i.c.,  Secretary-Treasurer. 


Hamilton  Branch 

The  President  and  Council : — 

The  Executive  committee  of  the  Hamilton  Branch  submits  the 
following  report  for  the  calendar  year  1934: — 

The  Executive  committee  held  11  meetings  throughout  the  year. 
The  following  is  the  list  of  professional  meetings  and  visits : — 

1934 
Jan.      9. — Branch  Annual  Business  Meeting. 

Operation  and  Application  of  the  Teletypewriter  by 

R.   A.   Cline,   equipment  engineer,   Bell  Telephone  Co. 

Attendance,  50. 
Feb.   13. — Activities   of   the   Ontario   Research    Foundation   by 

O.  W.  Ellis,  Director  of  Metallurgical  Research,  Ontario 

Research  Foundation.     Attendance,  45. 
Mar.    1. — Joint  Meeting  with  the  Toronto  Branch  E.I.C.  in  Toronto. 
The  Status  of  the  Engineer  in  Industry  by  a  Committee 

of  the  Hamilton  Branch,  J.  B.  Carswell,  m.e.i.c.  (chair- 
man),  E.   P.    Muntz,   M.E.I.C,   H.   B.   Stuart,   a.m.e.i.c 

Attendance,  100. 
Mar.  17.- — Visit  to  the  Plant  of  the  Sovereign  Potteries  Ltd.,  Sherman 

Ave.   N.,   Hamilton.     Members  and  ladies.     Each  lady 

was  the  recipient  of  a  cup  and  saucer,  specially  made  for 

the  occasion,  and  bearing  The  Institute  crest.  Attendance, 

125. 
April    e.^Joint  Meeting  with  the  Toronto  Section  A.I.E.E.  in  the 

Canadian  We.stinghouse  auditorium. 
Circuit  Interruptions  by  Dr.  Joseph  Slepian,  consulting 

engineer,  Research  Laboratories,   Westinghouse  Electric 

and  Manufacturing  Co.,  Pittsburgh.     Attendance,  195. 
May    8. — Corrosion  and  Wire  Galvanizing  by  A.  B.  Dove,  Jr.E.i.c 
Manufacture  and  Application  of  Wire  Rope  by  C.  D. 

Meals,  wire  rope  engineer,  B.  Greening  Wire  Co.,  Hamil- 
ton. 
Attendance,  70. 
June    9.— Visit  to  new  Soaking  Pit  Building,  Dominion  Foundries  and 

Steel  Ltd.,  Hamilton.    A  100  per  cent  made-in-Canada 

building.     Attendance,  30. 
Sept.  18. — Joint  Meeting  with  the  Hamilton  Chemical  Association. 

The  X-ray  in  Industry  by  Dr.  L.  R.  Hess.     Attendance, 

150. 
Oct.     9.— The  Geology  of  the  Gold  Fields  of  Ontario  by  Dr. 

E.    M.    Burwash,    geologist.    Provincial   Department   of 

Mines,  Toronto.     Attendance,  75. 
Oct.   26. — Joint  Meeting  with  the  Babcock-Wilcox  and  Goldie-Mc- 

CuUoch  Engineering  Society,  Gait. 
Moving  pictures  showing  the  Boulder  Dam  Construction 

on  the  Colorado  River.     Attendance,  250. 
Nov.    1. — Joint  Meeting  with  the  Toronto  Branch  E.I.C.  at  Toronto. 
Moving  Pictures  descriptive  of  work  done  at  the  plants  of 

the  Vickers- Armstrong  Co.,  England.     Attendance,  150. 
Nov.  20. — An  Engineer  in  Nigeria  by  T.  Stanley  Glover,  a.m.e.i.c. 

Attendance,  60. 

The  professional  meetings  of  the  Branch  have  introduced  a  wide 
variety  of  subjects,  which  proved  very  attractive.  The  second  com- 
mittee paper  sponsored  by  the  Branch  was  read  at  a  joint  meeting 
in  Toronto  and  aroused  a  great  deal  of  interest  and  favourable  com- 
ment. Two  of  our  own  members — A.  B.  Dove,  Jr.E.i.c,  and  T.  Stanley 
Glover,  a.m.e.i.c. — gave  papers  before  the  Branch  and  proved  them- 
selves most  attractive  speakers. 

The  Branch  has  again  enjoyed  the  privilege  of  holding  its  meetings 
in  the  Science  Hall,  McMaster  University,  where  accommodation  for 
lecture  and  demonstration  is  of  the  best.  We  appreciate  the  kindness 
of  the  University  authorities  in  granting  this  privilege  and  in  doing 
everything  possible  to  make  us  comfortable. 

The  Executive  committee  acknowledges  its  indebtedness  to  the 
local  press  for  the  many  courtesies  extended  to  the  Branch  throughout 
the  year. 

The  books  of  the  Branch  have  been  placed  in  the  Hamilton  Public 
Library.  After  being  catalogued  they  will  be  placed  in  the  reference 
room,  but  may  be  taken  out  on  a  borrower's  card  by  any  member  on 
presentation  of  a  card,  signed  and  stamped  by  the  Secretary. 

E.  H.  Darling,  m.e.i.c,  represents  the  Branch  on  the  committee 
revising  the  City  of  Hamilton  Building  By-laws. 

H.  B.  Stuart,  a.m.e.i.c,  represents  the  Branch  on  the  Regional 
Committee  of  the  National  Construction  Council. 

Membership 

Dec.  Slst,  19SS 
Non- 

ResiderU      Resident  Total 

Members 28                  6  34 

Associate  Members 40                10  50 

Juniors 10                  3  13 

Students 31                  3  34 

Affiliates 2                 ..  2 

Branch  Affiliates 16                 ..  16 
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Members 

Associate  Members 

Resident 

27 

33 

Dec.  31st,  1934. 
Non- 
Resident 
3 
10 
2 
3 

Total 
30 
43 

Juniors 

Students 

Affiliates 

Branch  Affiliates 

8 

26 

2 

17 

10 

29 

2 

17 

113  18  131 

In  addition  to  the  above  we  have  on  the  non-active  list,  1  Member, 
11  Associate  Members,  4  Juniors  and  2  Students. 

Financial  Statement 
Income 

Balance  in  bank,  January  1st,  1934 $  49. 87 

From  Headquarters  (due  for  1933) 32 .  87 

Branch  AflSliates 60 .  00 

Rebates  on  fees 198. 30 

Interest 55 .  76 

• $396.80 

Expenditure 

Printing  and  postage $  76 .  36 

Meeting  expenses 101 .  75 

Travelling  expenses 79 .  20 

Headquarters  for  Journals — paid  us  in  1933 4.00 

Section  of  filing  cabinet _   5 .  75 

Stenographer '  50 .  00 

Sundry 1 .  80 

Balance  in  bank,  December  31st,  1934 54.54 

Due  from  Headquarters  (rebates  for  last  quarter) .  23 .  40 

$396.80 

Net  income $314.06 

Net  expenditure 318.86 

Net  operating  loss $    4 .  80 

Assets 

Bonds  at  cost $915.00 

Lantern  (less  depreciation) 105 .  00 

Bank  balance 54 .  54 

Due  from  Headquarters 23 .  40 

$1,097.94 

Respectfully  submitted, 

H.  B.  Stuart,  a.m.e.i.c,  Chairman. 
Alex.  Love,  m.e.i.c,  Secretary-Treasurer. 

Kingston  Branch 

The  President  and  Council : — 

During  the  year  1933-34  the  Kingston  Branch  met  four  times 
as  follows: — 

1933 
Oct.   24. — Annual  Dinner  and  Meeting  for  the  election  of  officers  and 
for  receiving  reports. 
1934 
Jan.    17. — The  Branch  was  honoured  by  a  visit  from  the  President  of 
The  Institute,  Dr.  O.  Lefebvre,  m.e.i.c,  who  was  tendered 
a  dinner  at  the  Badminton  Club,  following  which  he  gave 
a  very  interesting  talk  on  The  Activities  of  The  Institute. 
Feb.   15. — A  film  of  the  Abitibi  Power  Development  was  lent  to  the 

Branch  by  the  Dominion  Construction  Co. 
Mar.    1. — A  paper  on  The  History  and  Development  of  the  Military 
Tank  was  presented  by  Lt.-Col.  N.  C.  Sherman,  m.e.i.c, 
R.C.O.C. 

Employment 
The  situation  as  regards  employment  continues  to  be  very  dis- 
couraging for  a  few  members  of  our  Branch,  and  it  is  hoped  that  any 
having  work  to  offer  will  give  the  first  opportunity  to  members  of  The 
Institute. 

Municipal  Affairs 
No  meetings  of  the  International  Bridge  Committee  were  held 
during  the  year.    The  committee  appointed  to  confer  with  the  city 
authorities  on  the  subject  of  sewage  held  one  meeting  with  the  Mayor, 
with  inconclusive  results. 

Membership 
Hon. 
Members   Members     Assoc.      Juniors    Students 

1931-32 1  12  17  6  7 

1932-33 1  13  16  6  16 

1933-34 1  11  19  7  14 

Financial  Statement 
The  financial  statement  is  appended  below.  It  should  be  noted 
that  as  no  payment  is  now  made  by  The  Institute  for  Branch  News, 
the  only  source  of  revenue  for  the  Branch  is  the  rebate  from  dues. 
The  failure  of  even  three  or  four  members  to  pay  their  annual  fees 
becomes  a  serious  matter  to  so  small  a  branch. 


During  the  year,  the  attention  of  your  secretary  was  called  to 
the  fact  that  about  fifteen  years  ago  $50  was  advanced  to  the  Branch 
by  The  Institute.  Inquiries  to  previous  secretaries  confirmed  this,  and 
the  amount  is  now  shown  in  the  statement  of  a.ssets  and  liabilities. 

Receipts 

Balance  last  account $  63 .  50 

Annual  dinner .65 

Rebates 12.45 

Branch  News 2.88 

Interest .65 

Rebates 64.20 

Interest .09 

$144.42 

Expenditures 

Guest $       .75 

Loan  to  member 50.00 

Plenary  Council 8.15 

Dinner,  Dr.  Lefebvre 8. 10 

Dinner 2.50 

Stamps .26 

Telegram .37 

Printing 5.82 

Stamps  and  telegram 1 .00 

Chamber  of  Commerce 15.00 

Balance 52 .  48 

$144.42 

Assets 

Cash  in  bank $  52.48 

Loan  to  member 50 .  00 

$102.48 

Liabilities 

Owing  to  General  Funds  E.I.C $  50.00 

Balance 52.48 

$102.48 

Respectfully  submitted, 

W.  Casey,  m.e.i.c,  Chairman. 

L.  F.  Grant,  m.e.i.c,  Secretary-Treasurer. 

Lakehead  Branch 

No  report  received. 

Lethbridge  Branch 

The  President  and  Council  :— 

The  following  is  a  report  of  the  operations  of  the  Lethbridge 
Branch  during  the  year  1934. 

Since  January  1st,  1934,  8  regular  and  8  executive  meetings  have 
been  held,  attendance  at  the  former  averaging  40  and  at  the  latter  7. 
The  usual  procedure  was  followed  in  connection  with  our  regular 
meetings,  i.e.  dinner  meetings  with  short  musical  programmes  inter- 
spersed with  community  singing,  followed  by  an  address  or  films. 

It  is  becoming  more  difficult  every  year  to  secure  material  for 
programmes.  Speakers  are  hard  to  secure  and  usually  if  an  outside 
speaker  is  available  the  Branch  is  liable  for  some  of  his  expenses,  which 
under  the  present  conditions  they  find  hard  to  meet.  We  have  had 
some  very  good  films  this  year  and  The  Institute  are  to  be  commended 
for  securing  the  "British  Grid  System"  and  the  "Vickers- Armstrong." 
The  Programme  committee  have  worked  hard,  and  are  to  be  congrat- 
ulated on  securing  a  well  balanced  programme. 

Through  the  eiTorts  of  an  active  Entertainment  committee  the 
musical  and  social  end  of  our  meetings  have  been  well  up  to  average. 

During  the  first  six  months  of  this  year,  due  to  low  finances,  no 
set  schedule  of  meetings  was  followed  and  interest   in  Branch   and 
Institute  affairs  seemed  to  lag;  as  a  result  it  was  decided  to  operate  as 
before,  with  a  set  programme  and  admitting  Branch  Affiliates  at  a 
reduced  rate  of  $2  providing  they  paid  their  fees  before  March  1st. 
The  list  of  speakers  and  subjects  chosen  follows : — 
1934 
Feb.  17. — Motion  pictures  on  Manufacture  of  Cotton  loaned  by 

Dominion  Textile  Ltd.    Open  to  ladies.    Attendance,  65. 
Mar.  15.— Annual  Meeting.    Attendance,  10.    Very  bad  weather,  un- 
expectedly. 
June    4.— Motion    pictures    on    British    Electrical    Grid    System 

loaned  by  British  Electrical  Board.     Attendance,  60. 
July  20.— F.  P.  Shearwood,  m.e.i.c.  President  Engineering  Institute 

of   Canada,    Bridge   Erection   and    Institute   Affairs, 

Attendance,  19. 
Oct.    13.— J.  M.  Wardle,  m.e.i.c,  The  Big  Bend  Highway.    Open 

to  ladies.     Attendance,  55. 
Nov.  10. — J.    M.   Campbell,   a.m.e.i.c.   Economics  Old  and  New. 

Attendance,  29. 
Nov.  24. — Motion  picture  of  the  various  works  and  jobs  accomplished 

by  Vickers- Armstrong  Ltd.,  England.     Attendance,  45. 
Dec.  15.— D.H.Elton,  K.C.,  Democracy  at  the  Cross  Roads.  Ladies 

night.    Attendance,  40. 
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At  December  31st,  1934,  the  membership  of  the  Branch  was  as 
follows : — 

Non- 
Resident      Resident  Total 

Members 4  4 

Associate  Members 17                  4  21 

Juniors 1                   1  2 

Students 4                   7  11 

Affiliates 18                 . .  18 

44  12  66 

Financial  Statement 

(As  at  December  31st,  1934) 

Revemie 

Bank  balance  as  at  December  31st,  1933 $  23.08 

Rebates  received  from  Headquarters,  January  to 

September  incl 52 .  50 

Branch  News  revenue 

Branch  Affiliates  fees  and  Journal  subscriptions. . .         38. 15 

Bank  interest .60 

Refund  for  dinner,  R.  C.  Davis .75 

Rent  from  motion  picture  projector 15 .00 

Total  revenue $130.08 

Expenditure 

Printing  and  stationery $  21 .28 

Meeting  expenses — music,  films,  dinners,  etc 60.75 

Headquarters — Branch  Affiliates,  Journal  subscrip- 
tions   4.00 

Orchestra,  etc 15  00 

Postage,  exchange,  etc 2 .  90 

Total  expenditures $103 .  93 

Bank  balance  as  at  December  31st,  1934 $  26. 15 

Assets 

Bank  balance  as  at  December  31st,  1934 $  26. 15 

Holmes  projector,  value  $360.25,  less  40%  deprecia- 
tion        216.15 

Rebates  due  from  Headquarters,  October  to  De- 
cember incl 8 .  70 

Total  assets $251 .00 

Liabilities 

Robins  Printing  Company $     3 .  18 

Miss  G.  E.  Doe 1 .00 

Total  liabilities $     4.18 

We  have  examined  the  books,  vouchers,  papers  and  the  foregoing 

statement  prepared  by  the  Secretary-Treasurer  and  find  the  same  to  be 

a  true  and  correct  account  of  the  standing  of  the  Branch. 

G.  S.  Brown,  a.m.e.i.c.  "I    a    j-. 

P.  M.  Saudeb,  M.E.I. c.   1  Auditors. 

Respectfully  submitted, 

C.  S.  Donaldson,  a.m.e.i.c.  Chairman. 

E.  A.  Lawrence,  s.e.i.c,  Secretary-Treasurer. 


London  Branch 

The  President  and  Council  :— 

During  the  year  1934,  the  following  meetings  were  held: — 
1934 
Jan.    17. — Annual    meeting    with    General    Armstrong,    Commanding 

Officer  M.D.  No.  1,  as  guest  speaker.     Attendance,  40. 
Feb.  21. — Illustrated  lecture  by  Mr.  G.  A.  Woonton  of  the  University 
of  Western  Ontario  on  the  Oscillograph  and  its  Uses. 
Held  at  U.  of  W.O.     Attendance,  60. 
Mar.  21. — Addiess  by  Mr.  Chas.  Hunter  on  Ionization  and  its  Rela- 
tion to  the  Modern  Subject  of  Air  Conditioning. 
Attendance,  36. 
April  25. — A  social  evening  by  members  at  the  home  of  E.  V.  Buchanan, 
M.E.i.c.    The  guests  were  entertained  at  bridge.    Refresh- 
ments served  by  the  host. 
Oct.   31. — Address  by  Mr.  Wm.  Duffield,  president  of  the  City  Gas  Co. 
of  London,  on  The  Dawn  Gas  Fields.     Attendance,  29. 
1935 
Jan.     4. — Considered   as  regular  December  meeting,   in   which   the 
Vickers-Armstrong   films    were    shown    at    the    London 
Technical  School.     Estimated  attendance,  800. 
Average  attendance  of  all  meetings,  160. 

In  addition  to  the  above,  six  Executive  meetings  were  held  through- 
out the  year  with  an  average  attendance  of  eight. 


Financial  Statement 
(For  year  ending  December  31st,  1934) 

Recei-pts 

Cash  on  hand,  January  1st,  1934 $     3.10 

Bank  balance 152.69 

Affihate  fees 5.00 

Branch  News — Secretary 5.75 

Rebates  from  Headquarters $85 .  50 

Less  half  Headquarters  loan  paid 25 .  00 

60.50 

Rebate  due  from  Headquarters,  December  31st, 

1934 8.70 

$235 . 74 

Expenditures 

Annual  Dinner  expenses $  32.03 

Stenographer  for  1933 5.00 

Journal  subscriptions  for  Affiliates. 4.00 

Printing 20 .  65 

Flowers — re  Munroe 4 .  00 

Elevator  service 1 .50 

Hall  rental  and  film  operator  for  Vickers-Armstrong 

pictures 10.00 

Secretary's  expenses — Stamps,  etc 15.47 

$  92.65 

Cash  on  hand,  December  31st,  1934 3 .  10 

Bank  balance 131 .29 

Rebate  due  from  Headquarters 8 .  70 

$235 . 74 

V.  A.  McKiLLOP,  a.m.e.i.c.  \  .     ... 
D.  M.  Bright,  a.m.e.i.c.      /  Auditors. 

Respectfully  submitted, 

Frank  C.  Ball,  a.m.e.i.c.  Chairman. 

H.  A.  McKay,  a.m.e.i.c,  Secretary-Treasurer. 

Moncton  Branch 

The  President  and  Council: — 

On  behalf  of  the  Executive  committee  we  beg  to  submit  the 
fifteenth  annual  report  of  Moncton  Branch. 

The  Executive  committee  held  four  meetings.    Ten  meetings  of 

the  Branch  were  held,  at  which  addresses  were  given  and  business 

transacted  as  follows : — 
1934 

Jan.  29. — ^A  meeting  was  held  in  the  City  Hall  for  the  purpose  of 
discussing  proposed  amendments  to  Institute  By-laws  and 
making  recommendations  to  the  forthcoming  annual 
meeting. 

Feb.  26. — A  meeting  was  held  in  the  City  Hall.  Herbert  Tucker, 
M.A.,  Ed.M.,  M.R.E.,  Ph.D.,  Prcfessor  of  Economics,  Mount 
Allison  University,  Sackville,  delivered  an  address  on 
The  Proposed  Central  Bank  for  Canada. 

Mar.  14. — A  meeting  was  held  in  the  City  Hall.  W.  B.  Burchall, 
advertising  manager,  Canadian  Airways,  Ltd.,  Montreal, 
delivered  an  illustrated  addi'ess  on  The  Contribution 
of  the  Aeroplane  to  Canadian  Industrial  Develop- 
ment. 

Mar.  20. — A  combined  meeting  of  Moncton  Branch  and  the  Engineering 
Society  of  Mount  Allison  was  held  in  the  Eurhetorian  Hall 
of  the  University  of  Sackville.  H.  J.  Grudge,  a.m.e.i.c, 
building  engineer,  Canadian  National  Railways,  Moncton, 
read  a  paper  on  Engineering  Estimates. 

April  10. — A  combined  meeting  of  Moncton  Branch  and  the  Engineering 
Society  of  Mount  Allison  was  held  in  the  Centennial  Hall 
of  the  University  at  Sackville.  T.  H.  Dickson,  n.Sc, 
A.M.E.I.C,  delivered  an  illustrated  address  on  Streamlined 
Vehicles. 

April  17. — A  meeting  was  held  in  the  City  Hall.  H.  E.  Bigelow,  Ph.D., 
F.R.s.c,  Professor  of  Chemistry,  Mount  Allison  University, 
Sackville,  delivered  an  address  on  Chemistry  in  In- 
dustry. 
At  this  meeting  nominations  were  made  for  branch  officers 
for  the  year  1934-35. 

May  31. — The  annual  meeting  was  held,  at  which  the  annual  report 
and  financial  statement  wa.'^  presented,  the  report  of  the 
scrutineers  received  and  the  branch  officers  for  1934-35 
announced. 

Oct.  5. — A  meeting  was  held  in  the  City  Hall  for  the  purpose  of 
discussing  with  the  branch  Councillor,  H.  J.  Grudge, 
A.M.E.I.C,  certain  matters  to  be  dealt  with  at  the  next 
meeting  of  Council. 

Oct.  16. — A  meeting  was  held  in  the  City  Hall.  Six  reels  of  motion 
pictures  wore  shown,  descriptive  of  ship  building  opera- 
tions and  aeroplane  trials  at  the  works  of  the  Vickers- 
Armstrong  Company,  England. 

Dec.  10. — A  supper  meeting  was  held  in  the  Y.M.C.A.  in  honour  of 
President  F.  P.  Shearwood,  m.e.i.c  Mr.  Shearwood 
addressed  the  meeting  on  Institute  affairs  and  also  gave 
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an   illustrated   address  on   Some   Problems   of   Bridge 
Erection. 

Membership 
Our  membership  at  present  consists  of  forty-seven  members  as 
follows : — 

Non- 
Resident      Resident 

Members 5  1 

Associate  Members 19  G 

Juniors 2  2 

Students 4  6 

Affiliates 2 

32  15 

It  is  with  deep  regret  that  we  record  the  passing  of  Michael  Joseph 
Murphy,  a.m.e.i.c,  a  former  chairman  of  the  Branch,  whose  death 
occurred  on  December  30th. 

Financial  Statement 

(Year  ending  December  31st,  1934) 

Receipts 

Balance  in  bank,  January  1st,  1934 $232.82 

Cash  on  hand,  January  1st,  1934 2.89 

Rebates  on  dues 67 .  50 

Affiliate  dues 10.00 

Branch  News 3.38 

Tickets  sold  for  supper  meetings 8 .  50 

Bank  interest 5 .  44 

Rebates  due  from  Headquarters 10 .  50 

$341.03 

Expenditures 

Expenses  of  meetings $  28 .  20 

Printing  and  advertising 22 .  03 

Postage 5 .  68 

Telegrams  and  telephones 3 .  22 

Payment  on  account  of  $50  loan  advanced  by  Head- 
quarters to  the  Branch,  at  the  time  of  formation .  25 .  00 

Honorarium  to  Secretary 25 .  00 

Miscellaneous 42 .  59 

Balance  in  bank 175.30 

Cash  on  hand 3.51 

Rebates  due  from  Headquarters 10 .  50 

$341.03 

Assets 

Balloptican  lantern $  30 .  00 

Attache  case 5 .  00 

Cash  in  bank 1 75 .  30 

Cash  on  hand 3.51 

Rebates  due  from  Headquarters 10 .  50 

$224.31 

Liabilities 

None 
Audited  and  found  correct, 

James  Pullar,  a.m.e.i.c.  \  a     ,., 
H.  B.  Titus,  a.m.e.i.c.       /  Auditors. 

Respectfully  submitted, 

J.  G.  MacKinnon,  a.m.e.i.c,  Chairman. 

V.  C.  Blackett,  a.m.e.i.c,  Secretary-Treasurer. 

Montreal  Branch 

The  President  and  Council : — 

We  have  the  privilege  of  submitting  the  following  report  of  the 
activities  of  the  Montreal  Branch  during  the  past  year. 

There  are  a  certain  number  of  activities  which  from  j-ear  to  year 
come  under  the  responsibility  of  the  Executive  committee.  These  are 
usually  considered  by  the  membership  as  a  matter  of  course,  though 
they  represent  the  bulk  of  the  business  of  the  Branch.  This  routine 
work  includes  various  items  such  as  looking  after  our  weekly  meetings 
and  meetings  of  the  Executive  committee;  the  organization  of  many 
sub-committees;  keeping  contact  with  the  Council  of  The  Institute; 
and  helping  Headquarters  as  much  as  possible  in  collecting  the  dues 
from  the  members  of  the  Montreal  Branch,  and  generally  keeping  the 
Branch  alive. 

In  regard  to  this  general  work  we  feel  that  we  can  report  that 
results  this  year  have  been  up  to  the  high  standard  established  by 
past  Executive  committees. 

Our  financial  statement  given  below  shows  that  notwithstanding 
increased  service  to  our  membership  and  the  expense  of  holding  the 
Annual  General  Meeting  in  Montreal,  our  finances  are  in  good  shape. 
We  have  managed  to  keep  our  surplus  at  practically  the  same  level 
it  has  been  in  recent  years.  A  greater  number  of  technical  meetings 
have  involved  higher  expenses  in  the  sending  out  of  notices  and  in  the 
courtesies  extended  to  our  speakers.  If  it  were  not  for  the  loss  sustained 
by  the  Annual  Meeting  we  would  have  been  able  to  show  a  substantial 
surplus  on  the  year's  operation.  In  view  of  these  facts  we  feel  satisfied 
with  the  results  shown. 


$4,775.00 


Financial  Statement 
Revenue 
Ordinary  : 

Rebates  from  Headquarters   ....     $1,593.60 

Affiliate  dues .        43.00 

Interest 7.53 

$1,644.13 

Surplus  from  1933 1,220.48 

Revenue  from  A.G.  and  P.M 1,859.59 

Dinners  to  speakers 50.80 

Disbursements 

Post  cards  notices $    669.11 

Stationery  and  stamps 25.35 

Secretary's  honorarium 300.00 

Stenographic  service 120.00 

Telephone  and  telegraph 60.95 

Lantern  operator  and  slides 103.00 

Subscriptions  to  Journal 18.00 

Thursday  refreshments 76.80 

Speakers'  travelling  and  dinners 109.24 

Economics  course 21.19 

Miscellaneous 27.25 

■ $1,530.89 

Annual  General  and  Professional  Meeting 2,106.11 

Cash  on  hand 1,138.00 

■ $4,775.00 

We  have  also  carried  out  the  excellent  work  promoted  by  our 
predecessors  in  regard  to  the  help  extended  to  our  unemployed.  Dur- 
ing December  and  January  1933  and  1934  we  raised  by  subscriptions 
from  the  members  $872.50.  During  November  and  December  1934  we 
were  forced  to  make  an  additional  appeal  when  an  amount  of  $710.00 
was  subscribed.  While  this  latter  amount  was  a  little  lower  never- 
theless it  is  very  encouraging  to  receive  such  a  generous  response  under 
present  financial  conditions.  Our  successors  will  have  a  difficult  task 
concerning  unemployment,  but  we  trust  that  with  the  help  of  the 
membership  they  will  be  able  to  carry  on  for  the  benefit  of  those  of 
us  who  are  in  dire  straits.  The  financial  statement  for  the  year  ending 
December  31st,  1934,  for  the  Unemployment  Relief  Fund  is  as  follows: 

Subscriptions $1,582.50 

Bank  interest 11.20 

Repaid  to  fund 43.83 

$1,637.53 

Disbursements $1,208.60 

Deficit— 1933 54.97 

Balance  on  hand 373.96 

$1,637.53 

We  have  on  two  occasions  this  year  interested  ourselves  in  the 
affairs  of  our  city.  A  special  general  meeting  was  held  on  March  15th 
at  which  it  was  decided  to  join  the  "Montreal  Board  of  Trade"  and 
the  "Chambre  de  Commerce"  in  requesting  the  Prime  Minister  of  this 
province  to  take  steps  towards  the  appointment  of  a  commission  which 
would  for  a  certain  period  be  entrusted  with  the  government  of  the 
city  of  Montreal.  Later  on  during  the  year,  a  committee  was  appointed 
to  collaborate  with  the  sanitary  engineer  of  the  city  of  Montreal 
in  the  preparation  of  by-laws  to  regulate  certain  phases  of  building 
construction. 

The  Branch  had  the  privilege  of  being  host  to  the  Annual  General 
Meeting  of  The  Institute  in  February.  The  Annual  Report  of  The 
Institute  will  show  that  the  attendance  at  that  meeting  was  more  than 
satisfactory.  We  hope  that  we  have  succeeded  in  upholding  the  reputa- 
tion of  this  city,  by  our  hospitality  and  attention  to  out-of-town 
members. 

On  two  occasions  we  had  the  honour  of  officially  receiving  the 
Presidents  of  The  Institute.  In  January  Dr.  O.  O.  Lefebvre,  m.e.i.c, 
addressed  the  Branch,  while  in  October  we  had  an  address  by  Mr.  F. 
P.  Shearwood,  m.e.i.c. 

Besides  taking  care  of  the  normal  business  of  the  Branch,  we 
believe  that  it  is  the  duty  of  each  successive  Executive  coirmittee  to 
promote  some  new  activity  or  at  least  to  improve  very  definitely  on 
some  part  of  the  general  routine  work.  This  has  been  achieved  this 
year  to  a  great  extent  through  the  excellent  work  of  our  Papers  and 
Meetings  committee  under  the  most  able  chairmanship  of  J.  G.  Hall, 
M.E.I.C,  as  shown  by  many  innovations  which  undoubtedly  you  have 
already  noticed.  We  are  therefore  pleased  to  incorporate  in  our  report 
the  following  remarks  which  were  presented  by  Mr.  Hall  in  his  report 
to  the  Executive  committee: — 

Senior  Section 
Meetings   held   during   spring   session    were    as    follows.     These 
meetings  had  been  arranged  for  by  the  previous  committee. 
Meetings  held  Spring  Session  1984: — 
Jan.      4. — Branch  Annual  Meeting.  Official  visit  of  Dr.  O.  O.  Lefebvre, 

m.e.i.c. 
Jan.    11. — Historical  Aspects   of  Radio   Development   by   J.    H. 

Thompson,  a.m.e.i.c. 
Jan.    18.^ — Geology  and  Civil  Engineering  by  R.  F.  Legget,  a.m.e.i.c 
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Jan.  25. — Increasing  Continuity  of  Service  by  Mr.  F.  A.  Hamilton, 
Jr. 

Feb.     1. — European  Construction  by  Mr.  Jacques  Rabiit. 

Feb.     8. — Annual  Meeting  of  E.I.C.  held  in  Montreal. 

Feb.   15. — Central  Heating  by  W.  G.  Chace,  m.e.i.c. 

Feb.  22. — Development  in  "Long  Distance"  by  Mr.  A.  B.  Clark. 

Mar.  1. — The  Contribution  of  the  Aeroplane  to  Canadian  In- 
dustrial Development  by  Mr.  W.  B.  Biirchall. 

Mar.  8. — Common  Frequency  Radio:  Broadcasting  by  Messrs. 
J.  L.  Clarke,  m.e.i.c,  and  C.  B.  Fisher. 

Mar.  15.— Student  Night. 

Mar.  22. — The  Operation  of  an  Hydro-Electric  System  by  Messrs. 
C    R.  Reid,  W.  R.  Way,  a. m.e.i.c,  and  E.  W.  Knapp, 

A. M.E.I.C. 

Mar.  29. — The  Automotive  Diesel  Engine  by  J.  L.  Busfield,  m.e.i.c. 
April    5. — Main  Cables  and  Suspenders  for  Suspension  Bridges 

by  Mr.  C.  D.  Meals. 
April  12. — Some  Aspects  of  Railway  Maintenance  by  Mr.  W.  O. 

Card  worth. 
April  26. — Co-operation  of  the  Engineer  and  Architect  in  Town 

Planning  by  Mr.  Jacques  Gr6ber. 
May    3. — Empire  of  Steel.     Movie. 
Meetings  held  from  July  to  December  1934-: — 
July  26.— The  British  Grid  System.     Movie. 
Sept.    6. — Prestressing  Suspension  Bridge  Cable  Strands.   Actual 

operation  by  courtesy  of  Dominion  Bridge  Co. 
Oct.     4. — Construction  of  S.S.  Strathnaver  and  Steel  Making  at 

Sheffield.     Movie. 
Oct.    11. — Some  Problems  Facing  the  Institute  by  F.  P.  Shear- 
wood,  M.E.I.C. 
Oct.    18. — Construction  Equipment  of  the  Hoist  Operated  Type 

by  C.  C.  Langstroth,  a. m.e.i.c. 
Oct.   24. ^Grounds  and  Grounding  by  S.  H.  Cunha,  a.m.e.i.c. 
Oct.   25. — City  Noises  and  the  Need  for  Their  Control  by  Prof. 

H.  E.  ReUley. 
Nov.    1. — Modern  Sewage  Treatment  Practice  by  Mr.  E.  B.  Besse- 

lievre. 
Nov.    8. — Un  Nouveau  Gazogene  pour  I'lndustrie  Canadienne 
by  Paul  Vincent,  s.e.i.c. 
A  Small  Power  Plant  for  a  Game  Lodge  by  Mr.  E.  S. 
Cooper. 
Nov.  15. — Economics  of  the  Durable  Goods  Industry  by  Dr.  D. 
M.  Marvin. 
— Application  Engineering  on  Motors  and  Control  by 

Mr.  W.  C.  Raube. 
■ — Discussion  of  Mr.  Raube's  Paper. 
— X-Ray  in  Medical  Science  by  Dr.  W.  L.  Ritchie. 
— Design  and  Application  of  Gears  by  Mr.  W.  P.  Muir. 
— Further  development  of  above  subject  by  Mr.  W.  P.  Muir. 
— Electron  Tubes  in  Industry  by  Mr.  D.  L.  West. 
— Relationship  Between  Architecture  and  Engineering 
by  J.  M.  Oxley,  m.e.i.c. 

The  programme  for  the  Spring  Session  of  1935  has  already  been 
published  and  additions  may  be  made  later. 

During  the  term  from  July  to  December,  excluding  student  night, 
the  total  attendance  was  1,747  with  16  meetings,  being  an  average  per 
meeting  of  109  or  134  per  week.  This  corresponds  to  a  total  attendance 
of  1,155  with  11  meetings  during  the  similar  period  of  1933. 

It  will  be  noted  that  four  meetings  were  held  on  evenings  other 
than  Thursday.  These  were  to  give  an  opportunity  for  a  more  complete 
and  informal  discussion  of  the  subjects  in  question  by  members  of  the 
sections  more  particularly  interested. 

A  series  of  special  lectures  by  Dr.  D.  M.  Mar\in  on  "Current 
Economic  Topics"  is  being  held.  These  are  for  members  of  The  Institute 
only,  and  are  being  attended  by  twenty-one  members.  These  lectures 
are  self-supporting,  a  fee  being  charged  to  cover  expenses. 

An  interesting  feature  in  connection  with  the  activities  of  the 
Junior  Section  was  the  number  of  papers  presented  in  French. 

Based  on  experience  this  past  year  your  committee  begs  to  submit 
the  following  suggestions  for  the  consideration  of  the  incoming  Papers 
and  Meetings  committee: — 

1.  That  the  chairman  and  vice-chairman  of  each  section  add  to 
their  numbers  and  meet  to  discuss  their  programme  for  the 
year,  apart  from  the  general  committee  meetings. 

This  should — 

(a)   Increase  the  scope  of  subjects  obtained. 

(6)  Save  considerable  time  at  the  general  committee  meet- 
ings. 

(c)  Increase  the  number  of  members  actively  interested  in 
Branch  activities. 

2.  That  the  policy  of  having  Section  Meetings  on  evenings  other 
than  Thursdays  be  developed  to  include  possibly  all  sections. 
It  is  believed  that  in  this  way  the  members  of  the  Branch  will 
be  encouraged  to  make  greater  use  of  the  facilities  available 
and  take  a  greater  interest  in  the  work  of  The  Institute. 
That  consideration  be  given  to  a  more  standardized  form  both 
for  invitations  to  present,  and  tendering  thanks,  for  papers 
presented. 


Nov. 

22. 

Nov. 

23. 

Nov. 

29. 

Dec. 

6. 

Dec. 

10. 

Dec. 

12. 

Dec. 

13. 

3. 


Our  members  will  agree  that  a  decided  step  forward  has  been  taken 
this  year  in  our  technical  meetings  which  represent,  after  all,  the  most 
important  part  of  the  service  which  we  can  render  to  our  members. 

Junior  Section 
The  Junior  Section  of  the  Branch  have  just  completed  their  second 
complete  year  of  activities  and  have  held  fourteen  meetings  in  all. 
On  each  evening  two  papers  were  usually  given,  a  number  of  them 
being  in  French.  The  majority  of  the  papers  were  given  by  the 
Junior  members  and  we  feel  that  this  is  a  very  excellent  part  of  the 
Branch  work,  as  it  is  serving  to  develop  public  speaking  in  the  Branch 
and  overcoming  the  engineer's  usual  hesitation  at  standing  on  his  feet 
in  public. 

Membebship 

Fortunately,  notwithstanding  adverse  conditions,  our  membership 
was  maintained,  so  that  at  present  it  includes  a  total  of  1,127  as  against 
1,125  last  year.  This  includes  130  who  are  on  the  non-active  list,  but 
there  were  approximately  the  same  number  last  year. 

During  the  past  year  we  lost  a  large  number  of  members  through 
death,  several  of  them  being  well  known  in  public  life  as  well  as 
being  active  in  The  Institute.  You  will  note  that  two  of  them  were 
Charter  Members.  It  is  with  deep  regret  that  we  record  their  names 
as  follows; — 

Members: 

Major  General  Charles  Johnstone  Armstrong,  C.B.,  C.M.G.,  V.D. 

Archibald  Abercromby  Bowman. 

Pierre  Michel  Helbronner. 

Paul  Albert  Nicholas  Seurot. 

Sven  Svenningson. 

William  Henry  Wardwell. 

Associate  Members: 

Harry  Brooke  Aylmer  (1887). 
Harry  B.  Pope. 
S.  S.  Shector. 
J.  Emile  Vanier  (1887). 
Judging  by  the  interest  that  has  been  shown  at  the  meetings  and 
in  the  affairs  of  the  Branch  in  general,  we  feel  sure  that  1935  will  be  a 
successful  year. 

Respectfully  submitted, 

A.  Frigon,  m.e.i.c,  Chairman. 

C.  K.  McLeod,  a.m.e.i.c,  Secretary-Treasurer. 


Niagara  Peninsula  Branch 

The  President  and  Council : — 

The  Executive  committee  of  the  Niagara  Peninsula  Branch  presents 
herein  the  report  for  the  year  1934. 

The  Executive  held  four  regular  meetings  and  one  electoral  meeting 
with  an  average  attendance  of  ten. 

The  meetings  are  listed  as  follows : — 
1934 
Jan.    19. — Dinner  meeting.   Fox  Head  Inn,   Niagara  Falls;  speaker, 

A.  W.  McQueen,  a.m.e.i.c,  of  H.  G.  Acres  Co.;  topic. 

Engineering  Investigation  in  India. 
Feb.   15. — Joint  dinner  meeting  with  A.I.E.E.  at  Niagara  Falls,  N.Y.; 

speakers,  W.  H.  Rodgers  of  Westinghouse  Co.  and  R.  H. 

Rodgers  of  General  Electric  Co.;  topic,  Recent  Develop- 
ments in  Electrical  Research. 
April  11. — Dinner  meeting,   Lincoln  Hotel,   St.   Catharines;  speaker, 

Mr.  F.  Nagler,  Canadian  Allis  Chalmers  Co.,  Toronto; 

topic,  What  Mechanical  Tests  are  Worth  While. 
May  17. — Annual  meeting.  Fox  Head  Inn,  Niagara  Falls;  Mr.  F.  P. 

Shearwood,  m.e.i.c,  President  of  the  E.I.C,  was  present 

and  gave  a  short  talk  on  Institute  affairs;  Col.  Morrow, 

Fort  Niagara,  Youngstown,   N.Y.,  gave  a  talk  on  his 

experiences  in  Siberia. 
Sept.  28. — Inspection  trip  at  Old  Fort  Niagara,  Youngstown,  N.Y., 

followed  by  a  dinner  at  the  Old  Fort  Inn  and  talk  by  Mr. 

Claude  Hultzen  describing  the  restoration  work. 
Oct.    19.— Inspection   trip   Yale    &   Towne   Manufacturing   Co.,    St. 

Catharines;  Dinner  at  Lincoln  Hotel  followed  by  talk  by 

Mr.  Ellis  Jones,  manager  of  Yale  &  Towne  Co.,  on  the 

History  of  Locks. 

Membership 

Members 19 

Associate  Members 62 

Juniors 2 

Students 7 

Affiliates 15 

Non-Active 16 

111 

The  Branch  mourns  the  loss  of  one  of  its  most  devoted  members, 
Alex.  Milne,  a.m.e.i.c,  of  St.  Catharines. 
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Financial  Statement 

(January  1st  to  December  31st,  1934) 

Receipts 

Bank  balance,  January  1st,  1934 $242.51 

Rebates 172.35 

Branch  News 1 .  25 

Meetings 65.25 

Bank  interest 5 .  36 

$486.72 

Expenditures 

Meetings $106.49 

Printing  and  postage 23.48 

Secretary's  honorarium 100 .  00 

Flowers 8.00 

Present 3 .00 

Affiliate  dues 30.00 

Bank  balance,  December  31st,  1934 215.75 

$486.72 

Respectfully  submitted, 

W.  R.  Manock,  a.m.e.i.c^  Chairman. 

P.  A.  Dewey,  a.m.e.i.c,  Secretary-Treasurer. 

Ottawa  Branch 

The  President  and  Council : — 

On  behalf  of  the  Managing  committee  of  the  Ottawa  Branch  we 

beg  to  submit  the  following  report  for  the  calendar  year  1934. 

During  the  year  the  Managing  committee  held  eight  meetings  for 

the  transaction  of  general  business.    In  addition  the  Branch  held 

eighteen  meetings.    These  meetings  were  well  attended  and  excellent 

addresses  were  enjoyed  at  the  Branch  meetings. 

It  is  with  deep  regret  that  we  report  the  loss  through  death  of 

two  members — S.  Bray,  m.e.i.c,  and  W.  C.  Treanor,  a.m.e.i.c. 

As  in  previous  years  the  Branch  donated  two  sets  of  draughting 

instruments  to  the  Ottawa  Technical  School  for  presentation  as  prizes 

for  proficiency  in  draughting,  and  a  copy  of  "Standard  Handbook  for 

Electrical  Engineers"  to  the  Hull  Technical  School  for  presentation  as 

a  prize  to  a  student  in  the  Department  of  Electricity. 
Proceedings  and  Publicity 
During  the  year  twelve  luncheon   meetings  and  five  evening 

meetings  were  held,  and  a  visit  made  to  the  studio  and  transmitting 

station  of  the  Canadian  Radio  Broadcasting  Commission  at  Ottawa. 

The  dates  of  the  meetings  and  speakers  are  as  follows: — 
1934 

Jan.  11. — Luncheon  address,  Major  D.  L.  McKeand,  Eastern  Arctic 
Patrol  1933.     Attendance,  88. 

Jan,   11. — Annual  Meeting  of  Branch,  Standish  Hall.   Attendance,  80. 

Jan.  25. — Luncheon  address.  Professor  Theo.  J.  I^afreniere,  m.e.i.c, 
Public  Health  in  Quebec.    Attendance,  60. 

Feb.     8. — Annual  Meeting  of  Institute,  Montreal. 

Feb.  22.— Luncheon  address.  Dr.  D.  F.  Kidd,  The  Great  Bear  Lake 
District.     Attendance,  93. 

Mar.  8. — Luncheon  address.  Col.  E.  J.  C.  Schmidlin,  m.e.i.c.  North- 
west State  Railways  of  India.    Attendance,  85. 

Mar.  22. — Luncheon  address,  W.  P.  Dobson,  m.e.i.c,  Tlie  Hydro- 
Electric  Power  Commission  Laboratories.  Attend- 
ance, 75. 

April  4. — Evening  meeting,  Jackson  Building,  discussion  on  proposed 
amendments  to  By-laws.     Attendance,  20. 

April  20. — Luncheon  address,  C.  W.  Wright,  Canada  at  the  World's 
Fair.     Attendance,  45. 

May  3. — Luncheon  address,  J.  Clark  Reilly,  What  the  Construction 
Industry  Means  to  Canada.    Attendance,  55. 

May  26. — Visit,  Studios  and  Transmitting  Station,  Ottawa,  of  the 
Canadian  Radio  Broadcasting  Commission.  Attendance, 
60. 

June  15. — ^Evening  meeting.  National  Research  Laboratories,  Mr. 
Messter  and  Mr.  Heinz  Griiner,  demonstration  lecture 
on  Photogrammetic  Apparatus.    Attendance,  50. 

Oct.  4. — Luncheon  address,  J.  Grove  Smith,  Re-housing  a  Nation. 
Attendance,  71. 

Oct.  18. — Luncheon  address.  Dr.  J.  J.  Green,  Streamlining.  At- 
tendance, 65. 

Oct.  25. — ^Evening  meeting,  Vickers  Armstrong  films.  Attendance, 
120. 

Nov.  8. — ^Luncheon  address,  Martin  J.  Berlyn,  a.m.e.i.c,  Transmis- 
sion Gearing.    Attendance,  62. 

Nov.  22. — ^Evening  meeting,  H.  E.  McKeen,  Placing  Concrete  by 
Pipe  Line  and  Vibration.    Attendance,  40. 

Dec.  6. — Luncheon  address,  F.  E.  Lathe,  Refractories  in  Industry. 
Attendance,  70. 

Dec.  20. — Luncheon  address,  T.  A.  McElhanney,  a.m.e.i.c,  Engineer- 
ing and  Economic  Aspects  of  Forest  Products  In- 
dustries.    Attendance,  61. 
Membership 
Owing  to  deaths,  resignations,  and  members  removed  from  the 

roll,  the  membership  shows  a  decrease  of  21  during  the  year. 

The  following  table  shows  in  detail  the  comparative  figures  for 

the  years  1933  and  1934:— 


1 

1 

80 

76 

173 

166 

3 

3 

16 

15 

33 

34 

36 

31 

342 

326 

63 

69 

Honorary  Members 

Members 

Associate  Members 

Affiliates  of  Institute 

Juniors 

Students 

Branch  Affiliates 

Resident  Members 

District  Members 

405  385 

Finances 
The  attached  financial  statements  show  that  the  Branch  had  a 
surplus  of  $83.70  in  revenue  over  expenditure  at  the  end  of  the  year. 
The  year  closed  with  a  balance  of  $652.49  in  the  bank,  $17.05  cash  on 
hand,  and  $1,000  in  Government  Bonds;  a  total  oi  $1,669.54.     In 
addition  the  Branch  has  assets  of  $42.90  in  rebates  due  from  the  Main 
Institute;  and  $21  in  equipment,  etc.,  making  a  total  of  $1733.44. 
Committee  on  Unemployment 
No  new  relief  projects  were  started  in  the  Ottawa  district  and 
therefore  no  new  appointments  were  available  on  the  supervisory  staff. 
Two  vacancies  however  were  filled  by  engineers  recommended  by  The 
Institute 

At  the  present  time  the  Committee  has  no  report  of  any  members 
in  urgent  need  of  relief  or  employment  though  many  members  are  out 
of  employment. 

The  Committee  has  kept  in  touch  with  the  administration  of  the 
Relief  Projects  of  the  Department  of  National  Defence  and  has  to 
thank  the  departmental  officers  for  their  co-operation. 
Aeronautical  Section 
This  section  of  the  Ottawa  Branch  has  a  membership  of  95.  Eight 
evening   meetings   were   held,    when   technical   papers   dealing   with 
aeronautical  or  related  subjects  were  read  and  discussions  held. 
Financial  Statement 
(For  the  year  ending  December  31st,  1934) 
Receipts 

Balance  in  bank,  January  1st,  1934 $579.87 

Cash  on  hand,  January  1st,  1934 5.97 

Interest  on  Dominion  of  Canada  Bonds 52.50 

Bank  interest 11 .30 

Rebates  from  Main  Institute,  Oct.-Dec.  1933 51 .60 

"  "        "  "  Jan.-Apr.  1934 394.60 

May-Sept.  1934....        39.60 
"        "          "          Branch  News,  July- 
Dec.  1933 6.62 

Branch  Affiliate  fees 84.00 

Proceeds  from  sale  of  luncheon  tickets 358.00 

Casual 4.60 

$1,688.56 

Expenditures 

Standish  Hall— Annual  Meeting,  1934 $  29.05 

Chateau  Laurier  luncheons 684.50 

Grant  to  Aeronautical  Section 20.00 

Subscriptions  to  Engineering  Institute  Journal 6.00 

Scrims,  florist 10.00 

Printing 185.69 

Sundries,  gratuities,  prizes,  etc 60.40 

Petty  cash,  postage,  telegrams,  etc 23 .  38 

Balance  in  bank,  December  31st,  1934 652.49 

Cash  on  hand,  December  31st,  1934 17.05 

$1,688.56 

Assets 

Stationery  and  equipment $  20 .00 

Library 1 .00 

Rebates  due  from  Main  Institute  account  1934  fees        42.90 

Dominion  Government  Bonds 1,000.00 

Balance  in  bank 652.49 

Cash  on  hand 17.05 

$1,733.44 

Liabilities 
Surplus $1,733.44 

Respectfully  submitted, 

Alan  K.  Hay,  a.m.e.i.c,  Chairman. 

F.  C.  C.  Lynch,  a.m.e.i.c,  Secretary-Treasurer. 

Peterborough  Branch 

The  President  and  Council : — 

On  behalf  of  the  Executive  committee  of  the  Peterborough  Branch 
of  The  Engineering  Institute  of  Canada,  we  have  the  honour  to  submit 
the  following  report  covering  the  activities  of  the  Branch  during  the 
year  1934:— 

1934 
Jan.   11.— What  Mechanical  Tests  are  Worth  While  by  Mr.  F.  A. 
Nagler,  m.a.s.m.e.,  chief  engineer,  Canadian  AJlis  Chalmers 
Co.,  Ltd.,  Toronto. 
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Feb.     8. — Industrial  Applications  of  Photo  Electric  Relays  by 

Mr.  A.  G.  Turnbull,  Canadian  General  Electric  Co.  Ltd., 
Toronto. 
Mar.    8. — The  Mining  Industry  of  Northern  Ontario  by  Mr.  G. 

Klein,  Canadian  General  Electric  Co.  Ltd.,  New  Liskeard, 
Ont. 
April  12. — The  Contribution  of  the  Aeroplane  to  Canadian  In- 
dustrial Development  by  Mr.  W.  B.  Burchalj,  advertis- 
ing publicity  manager,  Canadian  Airw'ay.s  Ltd. 
May  10. — Annual  Meeting,  Reports  and  Election  of  Officers. 
June    2. — Visit  to  Plant  of  General  Motors  of  Canada,  Ltd.,  Oshawa, 

Ont. 
Sept.    8. — Annual  Outing,  Rotary  Camp,  Clear  Lake. 
Oct.    11. — Experiences  of  an  Engineer  in  Soviet  Russia  by  Mr. 
T.  G.  Fechnay,  The  Pratt  &  Whitney  Co.  of  Canada,  Ltd. 
Nov.    8. — Showing  of  Vickers  Armstrong  films  at  Capitol  Theatre, 

Peterborough. 
Nov.  20. — Annual  Dinner,  Empress  Hotel,  Peterborough.     Speakers: 
Mr.  F.  P.  Shearwood,  m.e.i.c.  President  E.I.C,  Mr.  C.  W. 
Woodside,  University  of  Toronto. 
Dec.  13. — The  Stresses  in  Wire  Rope  and  in  Fittings  for  Same  by 
Mr.  C.  D.  Meals,  The  B.  Greening  Wire  Co.  Ltd.,  Hamil- 
ton, Ont. 
The  average  attendance  at  the  ordinary  Branch  meetings  was  40. 
The  visit  to  the  Oshawa  Plant  of  the  General  Motors  was  enjoyed 
by  approximately  80  of  the  members  and  their  friends,  and  the  showing 
of  the  Vickers-Armstrong  films  was  witnessed  by  over  300  people. 
Number  of  Executive  meetings  held  during  the  year  was  six. 
Special  sub-committees  were  as  follows: — 

Meetings  and  Papers  Committee B.  Ottewell,  a. m.e.i.c. 

A.  B.  Gates,  a. m.e.i.c. 
E.  J.  Davies,  jr.E.i.c. 

Branch  News  Editor E.  J.  Davies,  Jr.E.i.c. 

Membership  Committee B.  L.  Barns,  a. m.e.i.c. 

V.  R.  Currie,  a. m.e.i.c. 

D.  J.  Emery,  s.e.i.c. 

Unemployment  Committee W.  M.  Cruthers,  a. m.e.i.c. 

Social  and  Entertainment  Committee R.  L.  Dobbin,  m.e.i.c. 

A.  L.  Dickieson,  a. m.e.i.c. 
A.  L.  Killaly,  a. m.e.i.c. 
By-laws  and  Developments R.  L.  Dobbin,  m.e.i.c. 

E.  R.  Shirley,  m.e.i.c. 
J.  Barnes,  a. m.e.i.c. 

Auditor E.  R.  Shirley,  m.e.i.c. 

Membership 

Jan.  1st,  1930  1931  1932  1933  1934  1936 

Members 20  18         15  13         13  11 

Associate  Members 31  30         34  36         35  30 

Juniors 20  20         19  13         11  12 

Students 30  23         19  16         16  18 

Branch  Affiliates 25  17         15  17         14  13 


Membership 
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Financial  Report 

Receipts 

Balance,  January  16th,  1934 $  52.86 

Affiliate  fees 51 .85 

Rebates  from  Headquarters 84 .  95 

Receipts  from  annual  banquet 65.50 

Interest .72 

Expenditures 

Printing $  50.14 

Affiliate  fees  to  Headquarters. 26.30 

Flowers 13.00 

Rent 16.00 

Speakers  expenses 7 .  30 

Obituary  photo .64 

Stamps,  etc 3.53 

Annual  banquet.' 64 .  95 

Lantern  insurance 4 .  80 

Capitol  Theatre  meeting 3.35 

Balance,  December  22nd,  1934 65.87 


$255.88 


$255 . 88 


Respectfully  submitted. 


J.  W.  Pierce,  m.e.i.c,  Chairman. 
H.  R.  Sills,  jf.e.i.c,  Secretary. 

Quebec  Branch 

The  President  and  Council : — 

On  behalf  of  the  Executive  conunittee  of  the  Quebec  Branch,  we 
have  the  honour  to  submit  the  following  report  covering  the  activities 
of  the  Branch  during  the  year  1934. 


Honorary  Member  (Branch) 

Members 

Associate  Members 

Jam 

Resident 

1 

14 

63 

lary  1st,  1936 
Non- 
Resident 

9 
'2 

Total 

1 

14 

72 

Juniors 

Students 

Affiliates 

2 
9 
1 

2 

11 

1 

90  11  101 

It  is  with  the  deepest  regret  that  we  report  the  death  of  E.  A. 
Hoare,  m.e.i.c,  who  died  in  Quebec  on  November  23rd,  1934;  Mr. 
Hoare  was  one  of  the  founders  of  our  Branch  and  had  been  a  member 
of  The  Institute  since  1887,  the  year  it  was  incorporated  as  The  Cana- 
dian Society  of  Civil  Engineers. 

Meetings 
During  the  year  1934,  the  Branch  Executive  committee  held  six 
regular  meetings  with  an  average  attendance  of  seven. 

In  addition  the  Branch  held  ten  general  meetings  as  follows: — 
1934 
Jan.    15. — Luncheon  meeting  at  Chateau  Frontenac.   Speaker:  Lt.-Col. 
J.  B.  Dunbar,  a. m.e.i.c,  District  Engineer  Officer,  Military 
District    No.    5,    Quebec.     Subject:    Road    Making    by 
Hand  Methods,  Using  an  Asphaltic  Emulsion. 
Feb.    12. — Evening  meeting  at  Palais  Montcalm.    Speakers  and  sub- 
jects: Marc  Boyer,  a. m.e.i.c,  Bureau  of  Mines,  Quebec: 
Valuation  of  Non-Metallic  Mineral  Deposits;  Maurice 
Royer,  ce.  of  Ricard   &  Royer,  Quebec:  Met^orologie 
Moderne;  K.  D.  Gray-Donald,  a. m.e.i.c,  Quebec  Power 
Company,    Quebec:    Operation    of    a    Hydro-Electric 
Power  System. 
Feb.   23. — Evening  meeting  at  Palais  Montcalm.    By  courtesy  of  the 
Otis-Fensom  Elevator  Company,  two  films  were  shown  to 
our  members:  one  on  The  Construction  of  the  Empire 
State  Building,  the  other  on  The  Construction  of  the 
George  Washington  Bridge. 
Mar.  12. — Evening    meeting    at    Palais    Montcalm.     Speaker:    H.    P. 
Burrell,  Vice-Piesident  and  General  Manager  of  Franki 
Compressed  Pile  Co.  of  Canada  Ltd.,  Montreal.    Subject: 
The  Evolution  of  the  Cast-in-Place  Concrete  Pile. 
April    6. — Luncheon  meeting  at    Chateau    Frontenac.    F.    P.    Shear- 
wood,  m.e.i.c.  President  of  The  Engineering  Institute  of 
Canada,  visiting  our  Branch  addressed  the  members  on 
Institute  matters. 
April  17. — Evening  meeting  at  Palais  Montcalm.    Speaker:  J.  Antonio 
Lalonde,  a. m.e.i.c,  chief  engineer,  A.  Janin  &  Company 
Ltd.,    Montreal.     Subject:    La    sous-structure   et   les 
approches  du  pont  du  lac  St-Louis. 
May  14. — Annual  Meeting  and  election  of  officers. 
Aug.   15. — First  visit  to  the  Isle  d'Orleans  Bridge. 
Oct.    20. — Second  visit  to  the  Lsle  d'Orleans  Bridge. 
Oct.    22. — Evening  meeting  at  Palais  Montcalm  to  see  the  display  of 
three  films  loaned  to  The  Institute  by  the  Vickers-Arm- 
strong Limited,  London,  England. 
The  average  attendance  at  the  above  meetings  was  42. 
Financial  Statement 
Recei-pls 

Bank  balance,  January  1st,  1934 $  42.25 

Bank  interest .64 

Rebates  on  fees.  May  1934 155. 10 

Rebates  on  fees,  October  1934 14 . 85 

Rebates  on  fees,  December  1934 19.65 

$232.49 

Expenditures 

Meetings $  26.55 

Stamps,  postcards,  etc 22 .  27 

Printing 30 .  14 

Floral  tribute  (E.  A.  Hoare) 10.00 

Honorarium  to  Secretary 100.00 

$188.96 

Bank  balance,  December  31st,  1934 43.53 

$232.49 

Respectfully  submitted, 

H.  CiMON,  m.e.i.c.  Chairman. 

Jules  Joyal,  .k.m.e.i.c,  Secretary-Treasurer.  ■ 

Saguenay  Branch 

The  President  and  Council : — 

On  behalf  of  the  Executive  committee  of  the  Saguenay  Branch 
of  The  Engineering  Institute  of  Canada,  we  beg  to  submit  the  follow- 
ing report  for  the  calendar  year  1934. 

Membership 

Our  membership  this  year  shows  a  gain  of  two.  This  does  net 
include  four  applications  which  are  now  in,  two  of  which  are  for  ad- 
mission as  Associates  and  two  for  transfer  from  the  grade  of  Student 
to  that  of  Associate. 
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The  following  table  gives  a  comparison  of  our  membership  as  of 
December  31st  for  the  past  five  years. 

1930         1931  1932  1933  1934 

Members 6              5  4  'A  'A 

Associate  Members 25             19  Ki  18  19 

Junior  Members 7               4  4  ;i  ;< 

Student  Members 11               7  5  5  (i 

Affiliates 1 

49  35  30  29  31 

Branch  Meetings 
During  the  year  Branch  meetings  were  held  as  follows : — 
1934 
Jan.    31.- — The  meeting  was  addressed  by  Mr.  N.  F.  Russell  on  Ap- 
plications of  Aluminum  with  special  reference  to 
the  Mining  and  Transportation  Fields.     On  this  date 
we  experienced  one  of  the  worst  storms  of  the  winter,  which 
closed  all  the  roads,  so  that  only  twenty-five  members  and 
guests  were  present — all  from  Arvida. 
May    9. — P.    L.    Pratley,   m.e.i.c,   addressed   a   meeting,   his  subject 
being  Recent  Bridge  Construction  in  the  Province 
of  Quebec.     Fifty  members  and  guests  were  present. 
Aug.     2. — F.  L.  Lawton,  a.m.e.i.c.,  read  a  paper  before  an  attendance 
of  thirty-five  on  the  subject  of  Heat  Economy  and  Com- 
fort in  the  Home  as  Influenced  by  Heating  Methods 
and  Building  Construction.    This  paper  appeared  in 
the  November  issue  of  the  E.I.C.  Journal. 
Aug.  30. — The  Annual  Meeting  preceded  by  a  dinner  was  held  at  The 
Staff  Club  at  Arvida,  seventeen  members  being  present. 
The  results  of  the  annual  election  of  officers  were  an- 
nounced and  the  latter  part  of  this  meeting  was  spent 
in  listening  to  a  paper  given  by  M.  G.  Saunders,  a.m.e.i.c, 
on  the  subject  of  The  Production  and  Explosibility  of 
Gases  Generated  in  Electric  Boilers. 
Oct.   22.^ — A.  Lariviere,  m.e.i.c,  presented  a  paper  before  a  meeting 
of  forty-five  members  and  guests  on  The  Fundamental 
Principles  of  Radio  Electricity. 
Financial  Statement 
Receipts 

Balance  on  hand,  December  31st,  1933 1128.21 

Rebates  from  Headquarters 60.45 

Branch  News 3. 12 

— $191.78 

Disbursements 

Exchange $       .55 

Lantern  rental 4 .  00 

Postage 6.86 

Meeting  expenses 27 .  15 

$  38.56 

Balance  on  hand 153 .  22 

—    $191.78 

Respectfully  submitted, 

G.  E.  LaMothe,  a.m.e.i.c.  Chairman. 

J.  W.  Ward,  a.m.e.i.c,  Secretary-Treasurer. 

Saint  John  Branch 

The  President  and  Council : — 

On  behalf  of  the  Executive  committee  of  the  Saint  John  Branch, 
we  have  the  honour  to  submit  the  annual  report  for  the  calendar  year 
ending  December  31st,  1934. 

Membership 

Non- 
Resident       Resident  Total 

Members 10  5  15 

Associate  Members 21  11  32 

Juniors 3  3  6 

Students 13  20  33 

Affiliates 1  1  2 


48 


40 


Meetings 
Seven  meetings  of  the  Branch   Executive  committee  were  held 

during  the  year,  also  nine  Branch  meetings  as  follows: — 
1934 

Jan.  25. — Joint  dinner  of  The  Institute  and  the  Association  of  Pro- 
fessional Engineers  of  New  Brunswick.  P^ollowing  the 
dinner  Professor  B.  S.  Kierstead  of  the  fTniversity  of 
New  Brunswick  addressed  the  Branch  on  The  Task  of 
Economics. 

Mar.  13. — Mr.  W.  B.  Burchall  of  the  Canadian  Airways  gave  an 
illustrated  lecture  on  The  Contribution  of  the  Aeroplane 
to  Canadian  Industrial  Development. 

Mar.  27. — C.  S.  Macl^ean,  a.m.e.i.c,  sjK'ke  on  The  Operation  of  the 
Lobnitz  Rock  Breaking  Apparatus. 

April  12. — This  meeting  was  called  to  give  the  members  a  chance  to 
discuss  the  question  of  Re-organization. 


May     8. — Annual  dinner  and  meeting  held  at  the  Riverside  (jtjlf  and 
Country  Club.    The  prcscjnt  (jfficers  of  the  Branch  were 
elected  at  this  meeting. 
Sept.  25. — The  Automotive  Diesel  Engine  by  J.  L.  Busfield,  m.e.i.c. 
Oct.    18. — The  Vickers-Armstrong  films. 

Nov.  20. — Broadcasting  Equipment  and  Methods  by  J.  G.  Bishop, 
chief  engineer  of  CHSJ.  After  the  address  the  Branch 
visited  tlic  studio  and  broadcasting  room  of  the  above 
station. 
Dec.  4. — Dinner  tendered  F.  P.  Shearwood,  m.e.i.c.  President  of 
The  Institute. 

Financial  Statement 
Assets 

Balance,  December  31st,  1934 $294.09 

Headquarters  rebates,  October  to  December 11 .85 

$305.94 

Liabilities 
Nil. 

Balance,  December  31st,  1933 $327 . 46 

Headquarters  rebates,  January  to  April 104.40 

"                 "           May  to  September 8.55 

"                "          October  to  December 11.85 

$452 . 26 

Expenditures 

Stationery,  printing  and  postage $  67.57 

Branch  meetings 47 .  75 

Lantern  slides 6 .  00 

Honorarium  to  Secretary 25 .  00 

$146.32 

Balance,  December  31st,  1934 294.09 

Headquarters  rebates,  October  to  December 11 .85 

—     $452.26 

Respectfully  submitted, 

E.  J.  Owens,  a.m.e.i.c,  Chairman. 

F.  A.  Patriquen,  Jr. E.I.C,  Secretary-Treasurer. 

St.  Maurice  Valley  Branch 

The  President  and  Council : — 

The  St.  Maurice  Valley  Branch  submits  its  annual  report  for  the 
year  1934. 

The  membership  at  the  end  of  this  year  was  as  follows: — 

Members 5 

Associate  Members 24 

Juniors 8 

Students 10 

47 

During  the  present  year,  the  activities  of  the  Branch  have  not 
been  very  considerable,  owing  to  the  fact  that  the  city  of  Trois-Rivieres 
has  celebrated  the  tercentenary  of  its  foundation.  Most  of  the  engi- 
neers were  on  different  committees  in  connection  with  this  organization, 
and  have  devoted  their  time  to  contribute  to  the  success  of  this  celebra- 
tion. However,  the  Branch  was  able  to  hold  three  meetings  during  the 
year. 

Nevertheless,  all  the  questions  submitted  by  the  Council  of  The 
Institute  and  by  different  branches  have  been  studied,  discussed  and 
transacted. 

As  during  the  past,  our  Branch  has  followed  with  interest  The 
Institute's  deliberations  and  has  devoted  its  full  energy  to  all  the 
matters  tending  to  the  protection  and  promotion  of  the  interests  of 
The  Institute  and  its  members. 

The  St.  .Maurice  Valley  Branch  deeply  regrets  the  death  of  two 
of  its  members:  Messrs.  J.  A.  Bernier,  Manager  of  the  City  of  Grand' 
Mere,  and  Frank  Panneton,  engineer  for  the  City  of  Trois-Rivieres, 
who  were  always  devoted  to  The  Engineering  Institute  and  also  to 
their  engineering  profession. 

The  financial  standing  of  the  Branch  is  very  satisfactory,  the 
cash  on  hand  on  December  31st  being  $89.61. 

At  its  last  general  meeting  held  on  December  22nd,  1934,  the 
officers  of  the  Branch  for  the  year  1935  were  elected. 

Financial  Statement 
Receipts 

Money  in  bank,  January  1st,  1934 $  37 .  81 

Rebates  from  Headquarters.  1934 64.80 

$102.61 

E.Tpertditiires 
Sundry  expenditures  (stamps,  funeral  tributes).  .  .     $  15.00 

Balance  in  bank,  January  1st,  1935 87.61 

$102.01 

Rcs])ectfully  submitted, 

Bruno  Grandmont,  a.m.e.i.c.  Chairman. 

J.  Albert  Hamel,  a.m.e.i.c,  Secretary-Treasurer. 
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Saskatchewan  Branch 

The  President  and  Council : — 

On  behalf  of  the  Executive  we  submit  the  following  report  of  the 
activities  of  the  Saskatchewan  Branch  for  the  year  1934. 

Membership 
The  membership  of  the  Branch  is  as  follows,  being  a  decrease  of 
eight  from  last  year: — 

Non- 
Resident      Resident         Total 

Members 4  7  11 

Associate  Members 27  23  50 

Juniors 2  4  6 

Students 6  10  16 

Branch  Affiliates 4  ..  4 

43  44  87 

Committees 
The  Executive  committee  was  elected  on  March  16th,  1934,  and 
held  six  meetings  during  the  year. 
The  standing  committees  are: — 

Papers  and  Library S.  R.  Muirhead,  a.m.e.i.c.  (Convenor) 

Nominating D.  A.  R.  McCannel,  m.e.i.c.  (Convenor) 

Unemplojmaent H.  R.  MacKenzie,  a.m.e.i.c.  (Convenor) 

Membership P.  C.  Perry,  a.m.e.i.c.  (Convenor) 

Meetings 
There  were  six  regular  meetings  of  the  Branch,  each  being  preceded 
by  a  dinner  at  which  the  average  attendance  was  twenty-eight,  a 
decrease  of  seven  from  last  year.  The  general  interest  in  the  meetings 
has  been  fair.  In  addition  a  general  meeting  was  held  during  the 
month  of  February  with  a  programme  suitable  for  "Ladies  Night." 
The  attendance  at  this  meeting  was  good. 

The  programme  for  the  year  was  as  follows: — 
1934 
Jan.   19. — Address  by  F.  C.  Curtis,  b.c.l.,  on  Disarmament. 
Mar.  16. — Seventeenth  Annual  Meeting.    Address  by  S.  E.  Slipper  on 

Gas  and  Oil  Possibilities  of  Saskatchewan. 
July  25. — Special  meeting.    Address  by  F.  P.  Shearwood,  m.e.i.c,  on 
The  Present  Status  of  The  Engineering  Institute  of 
Canada,  following  which  Mr.  Shearwood  gave  a  lantern 
slide  lecture  on  Bridge  Construction. 
Oct.   19. — Moving  pictures  showing  the  construction  of  The  Big  Bend 

Highway  in  British  Columbia. 
Nov.  16. — Address  by  A.  W.  Ellson  Fawkes,  consulting  engineer,  on 

The  City  Manager  Form  of  Government. 
Dec.  21. — ^Address  by  M.  J.  Coldwell,  Provincial^Leader  C.C.F.,  on 
The  World  Outlook  for  1935. 
Saskatoon  Section 
Immediately  following  the  annual  meeting  a  Saskatoon  section 
was  formed  under  the  direction  of  a  committee  composed  of: — 
R.  A.  Spencer,  a.m.e.i.c.  (Convenor) 
A.  R.  Greig,  m.e.i.c. 
C.  C.  Hay,  a.m.e.i.c. 
A.  M.  MacGiUivray,  a.m.e.i.c. 
Prior  to  the  midsummer  season  three  meetings  were  held,  the 
respective  programmes  being: — 
The  Douglas  Theory  by  B.  P.  Scull  and  W.  L.  Foss. 
Recent  Advances  in  Science  by  Dr.  T.  Thorvaldson,  Dr.  T.  A.  Alty, 
Professor  W.  G.  Worcester,  C.  B.  Jackson,  E.  J.  Durnin,  jr.E.i.c, 
and  A.  B.  Olsen — (Half-hour  talks). 
The  Wheat  Situation  by  Mr.  Wesson  of  the  Saskatchewan  Wheat 
Pool. 

Two  meetings  were  also  held  during  the  latter  part  of  1934: — 
Oct.  22. — Moving  pictures  showing  construction  of  The  Big  Bend 

Highway  in  British  Columbia. 
Nov.  16. — Vickers-Armstrong  films  depicting  Steel  Making,  Aviation 
and  Ship  Building. 
In  addition  to  sponsoring  the  above  meetings,  the  Committee  has 
spent  considerable  time  on  a  study  of  Institute  affairs. 

Finances 
The  present  financial  standing  of  the  Branch  is  as  follows: — 

Bank  balance,  December  31st,  1933 $100. 12 

Rebates  from  Headquarters 145.02 

Branch  dues 10.00 

$256.14 

Expenditures 

Postage $    8.00 

Meetings  (notices,  printing,  etc.) 86.31 

Secretarial  (1932) 50.00 

Miscellaneous 21 .  80 

Bank  balance,  December  31st,  1934 89 .  03 

$255.14 

Respectfully  submitted, 

R.  A.  Spencer,  a.m.e.i.c.  Chairman. 
Stewart  Young,  a.m.e.i.c.,  Secretary-Treasurer. 

Sault  Ste.  Marie  Branch 

The  President  and  Council : — 

Ten  dinner  meetings  were  held  during  1934,  eight  at  the  Windsor 
hotel  and  two  at  the  Sault  Country  Club. 


We  were  honoured  with  two  visits  of  officers  from  Headquarters. 
The  General  Secretary,  R.  J.  Durley,  m.e.i.c,  addressed  a  special 
meeting  at  the  Sault  Country  Club  on  July  27th.  On  August  3rd 
President  F.  P.  Shearwood,  m.e.i.c,  also  visited  us  and  gave  an  illus- 
trated talk  on  "Bridge  Erection"  followed  by  a  talk  on  Institute 
affairs. 

The  average  attendance  at  dinners  was  26  with  an  average  meeting 
attendance  of  about  32. 

The  meetings  and  speakers  were  as  follows: — 
1934 
Jan.   26. — Theory  and  Application  of  Industrial  Methods  for  the 
Measurement  of  Flow  in  Pipes  by  0.  Brauns,  a.m.e.i.c 
Feb.  23.— The  History  of  Great  Lakes  Shipping  from  1812  by 

Captain  James  McCannel,  Master  of  the  Assinoboia. 
Mar.  28. — ^The  History  of  Paper  Making  by  F.  A.  Masse,  Jr.E.i.c. 
April  27. — ^The  Tidal  Phenomenon  by  H.  F.  Bennett,  a.m.e.i.c 
May  25. — ^The  Value  of  Engineering  and  Superintending  of  Oxy- 
Acetylene   Welding   and    Cutting   by    D.    S.    Lloyd, 
a.m.e.i.c 
July  27. — Visit  of  the  General  Secretary,  R.  J.  Durley,  m.e.i.c 
Aug.    3. — Visit  of  the  President,  F.  P.  Shearwood,  m.e.i.c 
Sept.  28. — Discussion  of  the  President's  address. 

Dec.     5  (Postponed  from  Nov.  30). — Reminiscences  of  Northern 
Ontario  by  James  S.  Dobie,  o.l.s.,  d.l.s.,  of  Thessalon, 
Ont. 
Dec.  19. — Films  from  Vickers-Armstrong.    Annual  Meeting. 

We  regret  to  report  the  loss  of  two  of  our  members  by  death 
during  the  past  year. 

The  membership  at  the  close  of  the  year  stands  as  follows : — 

Non- 
Regular:  Resident      Resident         Total 

Members 9  11  20 

Associate  Members 12  26  38 

Juniors 5  9  14 

Students 17  17 

Branch  Affiliates 7  . .  7 

33               63  96 

Non-Active: 

Associate  Members 13  4 

Students 2  2 

1  5  6 

This  represents  an  increase  in  membership  of  one  regular  and  one 
non-active  during  the  past  year. 

Financial  Statement 

(For  the  year  ending  December  31st,  1934) 

Receipts 

Interest  on  savings $    5.24 

Rebates  from  Headquarters 159 .  90 

Journal  subscriptions  collected 10.00 

Affiliates  fees 18.00 

Entertainment  receipts 121 .75 

Excess  of  disbursements  over  receipts 66.31 

$381.20 

Disbursements 

Administrative  expense $  25 .  00 

To  Headquarters  for  loan  of  1919 50.00 

Journal  subscriptions  paid 10.00 

Postage  and  telegraph 26 .  63 

Entertainment  expense 202 .  56 

Stationery 55 .01 

Flowers  for  fimerals 10.00 

Insurance 2. 00 

$381.20 

Assets 

Savings  account $198.00 

Current  account 104 .  59 

Cash  on  hand  (stamps) 2 .  77 

Property 1 .00 

Unexpired  insurance 1 .  80 

Accoimts  receivable 6.00 

$314.16 

Liiabilities 

Accounts  payable  (honorarium,  1934) $  25 .  00 

Capital  Surplus 289. 16 

— $314.16 

Respectfully  submitted, 

E.  M.  MacQuarrie,  a.m.e.i.c,  Chairmxin. 
H.  O.  Brown,  a.m.e.i.c,  Secretary-Treasurer. 

Toronto  Branch 

The  President  and  Council : — 

On  behalf  of  the  Executive  committee,  we  submit  the  report  of 
the  Toronto  Branch  for  the  calendar  year  1934. 

The  Annual  Meeting  of  the  Branch  was  held  on  March  29th,  1934, 
and  the  officers  for  1934-35  were  elected.  During  the  autumn  J.  M. 
Breen,  a.m.e.i.c,  was  transferred  to  Montreal,  and  Wills  Maclachlan, 
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M.E.I.C.,  was  appointed  to  the  vacancy  thus  created  on  the  Executive, 
to  complete  the  unexpired  portion  of  Mr.  Breen's  term  of  oflSce. 

Following  the  Annual  Meeting,  the  undermentioned  were  named 
chairmen  of  the  Standing  Committees: — 

Papers R.  E.  Smythe,  a.m.e.i.c. 

Finance W.  E.  Bonn,  a.m.e.i.c. 

Publicity A.  U.  Sanderson,  a.m.e.i.c. 

Meetings  and  Reception W.  G.  Chace,  m.e.i.c. 

W.  W.  Gunn,  a.m.e.i.c,  Vice-Chairman 

Membership J.  M.  Breen,  a.m.e.i.c. 

Student  Relations O.  Holden,  a.m.e.i.c. 

Branch  Editor J.  M.  Oxley,  m.e.i.c. 

The  Executive  committee  of  the  Branch  held  seventeen  meetings 
for  the  transaction  of  Branch  business. 

Twelve  regular  meetings  of  the  Branch  were  held,  as  follows: — 
1934 
Jan.    18. — Planning  Toward  Economic  Recovery  by  Professor  Gil- 
bert E.  Jackson,  Professor  of  Political  Economy,  Univer- 
sity of  Toronto.    This  meeting  was  arranged  with  the 
co-operation  of  the  Canadian  Political  Science  Association. 
Attendance,  60. 
Feb.     1. — Valuation  and  Depreciation  by  W.  J.  Moulton-Redwood. 

Attendance,  40. 
Mar.    1. — The  Status  of  the  Engineer  in  Industry,  a  paper  pre- 
pared by  J.  B.  Carswell,  m.e.i.c,  H.  B.  Stuart,  a.m.e.i.c, 
and  E.  P.  Muntz,  m.e.i.c,  of  the  Hamilton  Branch,  and 
presented  by  Mr.  Carswell  before  a  joint  meeting  of  the 
Hamilton  and  Toronto  Branches.     Attendance,  100. 
Mar.  19. — Discussion  of  the  Proposed  Amendments  to  the  By- 
laws of  The  Institute.    Attendance,  20. 
Mar.  29. — Annual  Meeting.     Attendance,  25. 

April  13. — The  Contribution  of  the  Aeroplane  to  Canadian  In- 
dustrial Development  by  Mr.  W.  B.  Burchall,  advertis- 
ing  publicity  manager  of  Canadian  Airways,  Limited. 
Attendance,  50. 
April  19. — Can  the  Canadian  Construction  Industry  be  Stabil- 
and  ized?   A  two-night  joint  meeting  of  the  Toronto  Branch 

April  20         of  the  Canadian  Political  Science  Association,  the  Ontario 
Association    of    Architects;    Hamilton    Branch    E.I.C.; 
Ontario    Section    A.S.M.E.;   Toronto    Branch   A.I.E.E.; 
Toronto  Branch  Am.  Soc.  H.  and  V.  Eng. ;  Ontario  Chapter 
A.S.M.;  Toronto  Branch  111.  Eng.  Soc;  Toronto  Branch 
I.R.E.;  Toronto  Branch  S.A.E.;  Toronto  Branch  E.I.C. 
Attendance,  150  at  each  meeting. 
Oct.   12.— The  Boulder  Dam  by  Dr.  W.  M.  White,  d.sc,  manager 
and  chief  engineer  of  the  Hydraulic  Department  of  AlEs- 
Chalmers    Manufacturing    Company.     A    joint    dinner 
meeting  of  the  Toronto  Branch  E.I.C;  Ontario  Section 
A.S.M.E.;  Toronto  Section  A.I.E.E.;  Canadian  Section 
S.A.E.;  Ontario  Chapter  A.S.M.     Attendance,  400. 
Nov.    1. — ^Vickers-Armstrong  films.     Attendance,  150. 
Nov.  22. — The  Relations  between  the  Structural  Engineer,  En- 
gineers Concerned  with  Mechanical  and  Electrical 
Installations,  the  Architect,  the  Fabricator,  and  the 
Contractor.     A   general   discussion   by   the   Members. 
Attendance,  60. 
Dec.  13. — Welding  by  Mr.  David  Boyd,  Dominion  Bridge  Company, 
Limited.     The   American    Society   of    Metals    and    the 
Ontario   Section   of  the   A.S.M.E.    also    joined   in   this 
meeting.    Attendance,  150. 
It  will  be  noted  that  quite  a  number  of  the  meetings  have  been 
held  jointly  with  other  engineering  societies,  and  these  have  proved 
most  enjoyable.    Joint  meetings  with  the  Hamilton  Branch  have  also 
been  held.   Dinner  is  frequently  arranged  for  previous  to  the  meetings, 
and  while  the  numbers  attending  have  been  encouraging,  it  is  regretted 
that  more  members  do  not  avail  themselves  of  these  pleasant  gatherings. 
In  spite  of  reduced  receipts,  the  Branch  has  been  able  to  keep  its 
expenditures  well  within  its  income. 

The  Toronto  Branch  E.I.C.  Loan  Fund,  established  two  years 
ago  for  the  assistance  of  members,  is  in  a  satisfactory  condition. 
Requests  for  assistance  from  this  fund  for  the  past  year  have  been 
very  few,  and  from  present  indications  it  would  seem  that  it  would 
not  be  necessary  to  ask  for  further  contributions.  The  employment 
situation  has  improved  considerably,  so  far  as  the  members  of  the 
Branch  are  concerned,  during  the  present  year  and  it  is  confidently 
hoped  that  this  improvement  will  continue  during  the  coming  year. 

The  membership  of  the  Branch  as  at  December  31st,  1934,  is  made 
up  as  follows: — 

Non- 
Resident      Resident         Total 

Members 96  4  100 

Associate  Members 196  15  211 

Juniors 46  1  47 

Students 74  16  90 

Afiiliates 4  15 

Branch  Affiliates 1  . .  1 

Total— 1934 417  37  454 

Total— 1933 461  40  501 

-44  -3  -47 

It  is  with  regret  that  we  record  the  death  of  the  following  members 
of  the  Branch  during  the  past  year:  William  Gore,  m.e.i.c,  James 


Milne,  m.e.i.c,  L.  W.  Wynne-Roberts,  m.e.i.c,  and  C.  R.  Scott, 
a.m.e.i.c  Our  heartfelt  sympathy  is  extended  to  their  famiUes  in 
their  loss. 

Financial  Statement 

(For  calendar  year  1934) 
Receipts 

Bank  balance,  January  1st,  1934 $765.96 

Affiliate  fee $  10.00 

Bank  interest 15 .  25 

Rebates  and  Branch  News 552 .  60 

677.85 

$1,343.81 

Expenditures 

Affiliate,  Journal  subscriptions $    2.00 

Printing  and  notices  of  meetings 180. 62 

Room  rental  and  meeting  expenses 23.00 

Entertainment  of  guests 12.80 

Gratuities 10.00 

Flowers 13.00 

Stenographic  services 52 .  50 

Advertisement — "  Transactions" 20 .  00 

Chairman's  expenses.  Annual  Meeting 37.85 

Secretary's  honorarium  and  expenses 149 .  65 

Postage 18.00 

$519.32 

Bank  balance,  January  2nd,  1935 824.49 

$1,343.81 

Respectfully  submitted, 

R.  E.  Smythe,  a.m.e.i.c,  Chairman. 

W.  S.  Wilson,  a.m.e.i.c,  Secretary-Treasurer. 

Vancouver  Branch 

The  President  and  Coimcil : — 

We  beg  to  submit  the  following  report  of  the  activities  of  the 
Vancouver  Branch  during  1934. 

Meetings 
Six  general  meetings  of  the  Branch  were  held,  as  follows : — 
1934 
Jan.     8. — Joint  Meeting  with  A.I.E.E.,   Vancouver  Branch.   A.   G. 
Dickenson,  electrical  engineer  of  Consolidated  Mining  and 
Smelting  Co.,  on  Utilization  of  Electrical  Energy  at 
the  Trail  Smelter  and  Refinery. 
Feb.  12.— Brig.-Gen.    Sir    Charles    Delme-Radcliffe   on   The   Nistri 
Three  Dimensional  Method  of  Photogrammetrlcal 
Surveying. 
Mar.  12. — H.  N.   MacPherson,  a.m.e.i.c,  on  The  Preservation  of 

Timber.   Illustrated  with  motion  pictures. 
April  12.— R.  Rolleston  West  on  The  Scientific  Side  of  Flight. 
May  10. — Dominion  Government  5-reel  motion  picture.  From  the 
Ground   Up,   dealing   with  the  manufacture  of  auto- 
mobiles. 
Nov.  19. — Annual  Meeting. 

The  average  attendance  was  49. 

Seven  Executive  meetings  have  also  been  held  since  the  last 
Annual  Meeting. 

Institute  Development 
The  past  year  has  witnessed  the  decision  of  the  corporate  member- 
ship of  The  Institute  to  reject  the  By-law  Amendments  sponsored  by 
the  1932-33  Committee  on  Development,  which  proposed  a  radical 
change  in  Institute  grades  and  qualifications,  aimed  to  broaden  the 
basis  of  its  membership  by  lowering  its  standards  of  admission.  Our 
interpretation  of  this  occurrence  is  that  Institute  members  as  a  whole 
have  declined  to  forsake  their  conception  of  The  Institute  as  being 
a  body  of  engineers,  strictly  professional  in  character.  Although  the 
1933  Executive  committee  withdrew  its  objections  in  the  interests  of 
harmony,  after  gaining  some  modifications  of  the  Committee  on 
Development's  original  proposals,  the  1934  Executive  committee  cannot 
but  admit  considerable  satisfaction  in  the  final  outcome. 

In  July,  1934,  during  the  Western  Professional  Meeting  at  Van- 
couver, the  President,  F.  P.  Shearwood,  m.e.i.c,  addressed  the  Executive 
committee  on  matters  of  special  interest  to  Western  Branches,  most 
of  which  were  definitely  concerned  with  the  problem  of  Institute 
Development  and  Institute  relations  with  the  provincial  professional 
associations.  The  sincerity  and  earnestness  of  purpose  that  marked 
the  President's  effort,  together  with  his  frank  invitation  to  submit 
our  views  on  the  matters  in  question,  has  opened  a  new  channel  for 
exchange  of  opinions  that  is  very  opportune  imder  the  circumstances 
of  the  moment. 

Acting  in  the  spirit  of  this  invitation,  a  carefully  prepared  state- 
ment of  views  was  approved  by  the  Executive  committee  at  a  meeting 
in  October,  copies  of  which  were  forwarded  to  the  President  and  all 
members  of  Council  prior  to  the  meeting  of  CouncQ  held  in  Toronto 
on  October  19th. 

Joint  Convention  of  the  E.I.C.  and  A.S.C.E. 

The  principal  event  of  the  year  was  the  very  successful  Joint 

Engineering  Convention  held  by  The  Institute  and  the  American 

Society  of  Civil  Engineers  at  Hotel  Vancouver,  Wednesday,  July  11th 

to  Saturday,  July  14th.    Arrangements  were  in  the  hands  of  a  local 
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Membership 

Noil- 

N  on- Active 

Resident      Resident 

Total 

List 

45                 10 

55 

5 

53                 27 

80 

5 

7                   7 

14 

3 

19                   7 

26 

6 

4 

4 

1 

1 

•• 

Joint  Committee  with  E.  A.  Cleveland,  m.e.i.c,  as  Chairman,  and 
J.  C.  Oliver  as  Secretary-Treasurer.  The  technical  sessions  held  during 
the  first  two  days  were  of  exceptional  interest,  and  the  entertainment 
features  which  followed  were  no  less  successful.  The  convention 
provided  a  unique  opportunity  for  local  engineers  to  come  in  contact 
with  distinguished  men  in  their  own  special  branch. 

Association  of  Professional  Engineers 
The  President  and   Registrar   were  again  honorary  members  of 
the  Executive. 

Walter  Moberly  Memorial  Prize 
The  1934  winner  is  D.  Lawrence  McMullan  of  Salmon  Arm,  B.C. 


Members 

Associate  Members .... 

Juniors 

Students 

Affiliates 

Branch  Affiliates 

129  51  180  19 

The  Executive  decided  to  proceed  as  in  1933  and  hold  the  elections 
by  secret  ballot  at  the  Annual  Meeting,  nominations  to  be  received 
at  the  meeting  signed  by  two  Corporate  members. 

Financial  Statement 

The  attached  statement  shows  a  balance  of  $33.25  on  hand  at 
November  15th,  1934. 

RbC€X  T)ts 

Bank  balance,  November  15th,  1934 .f  43.01 

Bank  interest — (November  30th,   1933  and   May 

31st,  1934) 1.50 

Rebates  from  Headquarters — May  1933  to  April 

1934,  inclusive 233.75 

Branch  News 14.75 

Fees,  Branch  Affiliate 5.00 

$298.01 

Dishurse77ients 
Office  expenses: 

Rent $  50.00 

Petty  cash 20.23 

Stenographer 15.00 

Telegraphs 3.90 

Exchange  on  rebate  cheque .25 

$  89.38 

Honorarium  to  Secretary  for  1933 50.00 

Rebates  to  Headquarters : 

Contribution  to  Plenary  Meeting  of 

Council 39.00 

Journal    subscription    for    Branch 

Affiliate 2.00 

41.00 

Meetings: 

Printing  and  mailing 30 .  58 

Auditorium  rental 41 .25 

Express  and  operation  for  motion 

picture 10.55 

Lantern  rental 2 .  00 

— ■ 84.38 

Bank  balance,  November  14th,  1934. ...         33 .  48 
Less  owing  to  Secretary — Petty  cash  ...  .23 

— 33.25 

$298.01 

Waiter  Moberly  Memorial  Fund 
Receipts 

Bank  balance,  November,  1933 $  92 .  41 

City  of  Vancouver  Bond  interest 25.00 

Dominion  of  Canada  Bond  interest 5.00 

Bank  interest,  November  1933,  May  1934 2.58 

■ $124.99 

Disbursements 

Safe  keeping  charges $     1 .  00 

Bursar,  University  of  British  Columbia 25.00 

Bank  balance,  November,  1934 98.99 

$124.99 

Bonds  Held  in  Trust 

City  of  Vancouver  No.  663— 5 %— 1963 $500.00 

Dominion  of  Canada  No.  T.A.  005189— 5 %— 1943       100 . 00 

$600 . 00 

.Audited  and  certified  correct: 
T.  V.  Berry,  a. m.e.i.c. 

Respectfully  submitted, 

P.  H.  Buchan,  A.M.E.i.c,  Chairman. 

A.  E.  Gordon,  Jr.E. I.e.,  Secretary-Treasurer. 


Victoria  Branch 

The  President  and  Council : — 

The  undersigned  have  the  honour  to  submit  the  following  report 
on  the  activities  of  the  Victoria  Branch  of  The  Engineering  Institute 
of  Canada  during  the  calendar  year  1934. 

Meetings 

The  Branch  met  on  seven  occasions,  the  average  attendance, 
including  visitors,  being  32.  Only  one  technical  paper  was  presented 
to  the  Branch,  a  most  interesting  paper  by  Norman  Yarrow,  a. m.e.i.c, 
on  the  launching  of  ships,  which  was  followed  by  a  showing  of  the 
six  reels  of  Vickers-Armstrong  films,  obtained  through  arrangements 
made  by  Headquarters. 

Earlier  in  the  year  the  Branch,  on  its  own  initiative,  obtained  a 
film  entitled  From  the  Ground  Up  dealing  with  the  Automobile 
Industry  in  Canada.  A  small  hall  was  hired  for  this  meeting  and 
printed  tickets  issued  to  persons  interested  or  engaged  in  the  industry 
locally,  and  some  70  persons  attended.  In  organizing  this  meeting, 
the  Elxecutive  committee  had  in  mind  the  desirability  of  occasionally 
arranging  meetings  which  are  of  general  technical  interest.  The  cost 
of  this  meeting  was  rather  heavy. 

Other  meetings  included  three  luncheon  meetings,  one  visit  to 
H.M.S.  Norfolk,  and  one  social  meeting,  namely,  the  Annual  Bridge 
Party  which  has  proved  to  be  a  most  popular  and  inexpensive  function, 
largely  due  to  the  courtesy  of  Mr.  and  Mrs.  F.  C.  Green,  who  again 
kindly  placed  their  home  at  the  disposal  of  the  Branch. 

There  were  five  meetings  of  the  Executive  committee  with  an 
average  attendance  of  90  per  cent.  It  is  the  custom  in  this  Branch  to 
hold  the  Executive  committee  meetings  in  the  evening  at  the  homes  of 
various  members,  an  arrangement  which  has  been  very  successful  in 
securing  a  good  attendance,  and  it  ensures  that  every  item  of  business 
is  thoroughly  discussed,  which  would  not  always  be  the  case  if  meetings 
were  held  down  town  in  less  comfortable  surroundings. 

Membership 

Our  total  membership  shows  a  net  loss  of  three.  We  gained  one 
new  member  and  one  new  associate  member  from  the  efforts  of  the 
membership  committee.  In  addition,  one  member,  one  associate 
member,  one  junior,  and  one  student,  were  transferred  to  Victoria. 

One  member  and  one  associate  member  left  Victoria;  one  associate 
member  and  one  affiliate  resigned.  Fovu'  students  were  removed  from 
the  list  for  non-payment  of  dues,  and  we  lost  one  member  through 
the  untimely  death  of  K.  M.  Chadwick,  m.e.i.c,  past  Secretary, 
Vice-Chairman,  and  C'ouncillor  of  the  Branch. 

Membership  now  stands  as  follows: — 

Members 20 

Associate  Members 33 

Junior  Members 4 

Student  Members 6 

Branch  Affiliate 1 

64 

The  average  total  membership,  since  1918,  is  68:  maximum  is  89; 
minimum,  55. 

Western  Professional  Meeting 

This  meeting,  held  in  July,  1934,  at  Vancouver,  was  well  attended 
by  members  of  the  Victoria  Branch.  Two  papers  by  members  of  the 
Victoria  Branch  were  presented  at  this  meeting  and  subsequently 
published  in  The  Journal,  these  being  Highways  and  Highway 
Transportation  in  British  Columbia  by  Patrick  Philip,  m.e.i.c, 
and  The  Columbia  River  Basin  by  J.  C.  MacDonald,  m.e.i.c 
Visit  of  President  and  Secretary 

The  Victoria  Branch  was  honoured  by  a  visit  from  Mr.  F.  P.  Shear- 
wood,  M.E.I.C,  and  Mr.  R.  J.  Durley,  m.e.i.c,  who  remained  two  days 
in  the  city.  At  a  well  attended  luncheon  meeting,  Mr.  Shearwood 
addressed  the  members  outlining  his  views  on  matters  concerning  the 
future  of  The  Institute.  Through  the  courtesy  of  the  Vancouver 
Branch,  a  copy  of  Mr.  Shearwood's  address  was  mimeographed  and 
sent  to  all  members  of  the  Branch. 

Mr.  Durley  also  addressed  the  members  and  explained  several 
matters  which  were  brought  up  by  members. 

Finances 

Attached  is  a  copy  of  the  financial  statement;  expenditures  ex- 
ceeded receipts  by  $6.56;  revenue  was  $120.15,  being  considerably  less 
than  the  previous  year.  The  Branch  continued  to  function  without 
any  dues,  other  than  the  rebates  from  Headquarters — this  has  been 
made  possible  by  giving  up  the  room  formerly  rented  in  town  and  by 
sundry  other  economies.  It  is  considered,  however,  that  the  total 
revenue  of  $120.15,  which  is  less  than  $2.00  per  member,  is  the  minimum 
under  which  the  Branch  can  continue  to  function. 
LTnemployment 

During  the  year  it  was  reported  that  six  of  the  Branch  members 
previously  unemployed  had  obtained  employment,  either  temporary 
or  permanent,  and  at  the  time  of  writing  it  may  be  said  that  as  far 
as  is  known,  there  are  no  cases  of  need  as  far  as  the  Victoria  Branch 
members  are  concerned. 

The  Annual  General  Meeting  of  the  Branch  was  held  on  December 
4th,  1934,  when  the  officers  were  elected  for  the  year  1935. 

In  concluding  this  report,  we  wish  to  express  our  thanks  and 
appreciation  of  the  unfailing  courtesy  and  assistance  we  have  received 
from  the  Secretary  and  Assistant  Secretary  at  Headquarters  in  all 
matters. 
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Financial  Statement 

Receipts 

Balance  in  hand,  December  31st,  1933 $102.89 

One  Branch  Affiliate's  dues $     3.00 

Rebates 111.90 

Branch  News 5 .  25 

120.15 


$223.04 


Disbursements 

Contribution  to  Plenary  Meeting $  14.00 

Cost  of  meetings 30.71 

Entertainment  of  guests 10 .  03 

Stenographer 23 .  17 

Mimeographing 24 .  19 

Postage  and  cheque  stamps 10 .  97 

Telegrams  and  telephones 2 .  74 

Two  wreaths 10.50 

Exchange  on  cheques .40 

- — ■ $126.71 

Balance  in  hand,  December  31st,  1934 96.33 


$223.04 
Audited  and  found  correct, 

W.  M.  EvERALL,  a.m.e.i.c.  Auditor. 
Respectfully  submitted, 

H.  L.  Swan,  m.e.i.c.  Chairman. 

I.  C.  Barltrop,  a.m.e.i.c,  Secretary-Treasurer. 

Winnipeg  Branch 

The  President  and  Council: — 

The  following  annual  report  of  the  Winnipeg  Branch  for  the  year 
ending  December  31st,  1934,  is  respectfully  submitted. 

The  membership  of  the  Branch  is  tabulated  below. 

Non- 

Residenl      Resident  Total 

Members 28                   4  32 

Associate  Members 61                 16  77 

Juniors 6                   2  8 

Students 27                  3  30 

Affiliates 2                 .  .  2 

Branch  Affiliates 2                 . .  2 

126  25  151 

There  were  held  during  the  year   12  meetings  of  the   Branch, 

particulars  of  which  are  given  below. 
1934 

Jan.  4. — Iron  Debts  and  Rubber  Dollars  by  R.  D.  Colquette, 
Editor  The  Country  Guide.    Attendance,  46. 

Feb.  1. — Outline  and  Operation  of  Public  Works  Administra- 
tion of  N.R.A.  by  Wm.  Nelson  Carey,  Federal  Engineer 
P.W.A.,  Minnesota.     Attendance,  100. 

Feb.   15. — Electrical  film  exhibited.     Attendance,  46. 

Mar.  1. — Electric  Soil  Heating  by  J.  W.  Tomlinson,  Jr.,  engineer, 
Winnipeg  Electric  Company.     Attendance,  46. 

April  5. — The  Beauharnois  Project  by  A.  E.  Grassby;  Aerial 
Navigation  by  Walter  Murray,  s.e.i.c.  ;  Public  Works 
Projects  by  Wallace  W^alkey.  Attendance,  66. 
Note. — These  young  speakers,  members  of  the  Junior 
Engineers  Association,  co-operated  with  the  Branch  for 
the  delivery  of  the  above  mentioned  addresses  and 
succeeded  in  making  a  very  interesting  event  of  this 
meeting. 

June  25. — Visit  of  General  Secretary  R.  J.  Durley,  m.e.i.c,  and  the 
Junior  Engineers  Association.     Attendance,  51. 

July  27. — Visit  of  President  F.  P.  Shearwood,  m.e.i.c,  who  addressed 
the  meeting  on  Unusual  Problems  in  Steel  Bridge 
Erection.    Attendance,  57. 

Oct.  4. — Science  in  Naval  Warfare  by  Prof.  J.  F.  T.  Young,  Depart 
ment  of  Physics,  University  of  Manitoba.  Attendance, 
53. 

Oct.  18.— The  Geology  of  the  Great  Plains  by  Dr.  L.  S.  Russell, 
Geological  Survey  of  Canada.     Attendance,  79. 

Oct.  25. — Special  joint  meeting  with  Association  of  Professional  En- 
gineers of  the  Province  of  Manitoba  for  the  discussion  of 
a  report  by  J.  W.  Sanger,  a.m.e.i.c,  and  E.  V.  Caton, 
m.e.i.c,  on  the  subject  of  Joint  Control  of  the  Branch 
and  Association.     Attendance,  72. 

Nov.  1. — Germany  of  Today  by  Prof.  Fieldhouse,  Professor  of 
History,  University  of  Manitoba.     Attendance,  84. 

Nov.  15. — Science  of  Lighting  by  J.  Greenlaw,  b.sc;  A  New  Process 
of  Metallization  by  W.  Peterkin,  b.Sc.    Attendance,  66. 

Dec.  6. — On  this  date,  the  usual  meeting  was  replaced  by  a  Smoker 
held  jointly  with  the  Association  of  Professional  Engineers, 
the  Canadian  Institute  of  Mining  and  Metallurgy  and  the 
Association  of  Manitoba  Land  Surveyors.  This  function 
was  largely  attended  and  was  voted  a  great  success. 


The  average  attendance  at  Branch  meetings  is  64,  which,  con- 
sidering that  two  of  the  principal  meetings  took  place  in  the  suii:rrer 
months,  when  many  of  the  members  were  absent  from  the  city,  is  very 
gratifying. 

The  Branch  was  especially  fortunate  this  year  in  having  as  visitors 
the  General  Secretary  in  June  and  the  I  "resident  in  July. 

Many  matters  of  importance  in  Institute  affairs  were  discussed 
with  the  President  and  Secretary  by  which  a  better  understanding 
was  arrived  at.  The  events  of  a  more  social  nature,  the  luncheon  at 
which  Mr.  Durley  met  the  members,  and  the  dinner  at  Lower  F(  it 
Garry  at  which  Mr.  and  Mrs.  Shearwood  were  the  guests  of  honour, 
were  of  a  very  enjoyable  nature,  and  the  members  of  the  Branch 
feel  that  it  would  be  a  very  fine  thing  if  visits  from  the  President  and 
General  Secretary  could  become  annual  events. 

Very  lively  interest  was  taken  in  the  proposal  to  try  for  a  year 
to  have  joint  executive  control  of  the  Branch  and  the  A.ssociation  of 
Professional  Engineers  of  the  Province  of  Manitoba,  as  a  first  step 
to  complete  co-ordination  of  the  functions  of  these  two  bodies  with 
the  ultimate  object  of  Federal  amalgamation  of  The  Institute  and 
the  several  Provincial  Associations  or  Corporatiors  of  Irofessicral 
Engineers.  A  report  on  this  subject  was  prepared  by  Messrs.  J.  W. 
Sanger  and  E.  V.  Caton,  and  the  report  was  considered  and  discussed 
by  the  Executive  committee  of  the  Branch  and  the  Council  of  the 
Association.  So  favourably  were  these  bodies  iinpres.sed  with  the 
possibilities  of  the  suggestions  outlined  in  the  report,  that  it  was 
decided  to  assemble  a  joint  general  meeting  of  the  members  of  both 
bodies.  This  was  done  and  the  reaction  of  the  meeting  was  such  that 
questionnaires  and  ballots  were  circulated  so  that  all  who  were  not 
present  at  the  meeting  might  record  their  views. 

However,  upon  return  of  the  ballots  and  questionnaires  it  was 
found  that  of  the  Association  members,  74  were  in  favour  of  joint 
executive  control,  and  52  against.  Of  The  Institute  members,  58  were 
in  favour  of  joint  executive  control,  and  only  1  against.  It  therefore 
seemed  advisable  to  the  Executive  committee  and  Council  to  postpone 
any  further  efforts  for  the  present  but  to  make  it  a  point  to  request 
the  incoming  Committee  and  Council  to  give  this  matter  further 
special  study  with  the  hope  that  it  may  be  again  presented  to  the 
members  of  both  bodies  in  an  improved  form. 

Financial  Statement 
Receipts 

Bank  balance,  December  31st,  1933 $1 43 .  69 

Rebates,  last  3  months  of  1933 36.38 

Branch  News,  December  and  November  1933.  ...  5.63 

Voluntary  contributions  from  members 29 .  00 

Rebates,  first  9  months  of  1934 212.38 

Profit  on  conversion  of  Bond 8 .  28 

Profit,  dinner  at  Lower  Fort  Garry 4.35 

Contribution,  Manitoba  Land  Surveyors 10.00 

Contribution,  Association  of  Professional  Engineers  25 .  00 

Bond  interest 25 .  00 

Bank  interest .93 

Dues  and  Journal  subscription.  Branch  Affiliates. .  .5.00 

Deposit,  credit  G.  E.  Baldry 15.00 

Rebates,  last  3  months  of  1934 29.87 

.$550.51 

Expenditures 
Joint  ('omn)ittee  on  Unemployment  for  1932  and 

1933 $113.36 

Honorarium  to  Secretary 50 .  00 

Purchase  of  typewriter 10 .  00 

Expenses,  Carey  meeting 56 . 87 

Safekeeping  of  bond 1 .  00 

Flowers 3 .  00 

Share  of  Plenary  Meeting  of  Council,  1933 39.70 

Multigraphing  and  printing Ill  .00 

Addressograph 16 .  40 

Postage  and  petty  cash 20 .  00 

Telegraphs 6 .  55 

Janitor  services 5 .  00 

Refreshments  at  Branch  meeting 3.70 

$436 . 58 

Cheques  outstanding  at  December  31st,  1934: 

$  7.14 
51.54 


$58.68 

Balance  in  bank,  December  31st,  1934 $155.37 

Accounts  payable: 

Headquarters  Journal  subscriptions — Branch 

Affiliates,  3  at  .$2.00 $     6.00 

E.  W.  M.  James,  re  G.  E.  Baldry 5 .00 

C.  N.  Telegraphs .90 


$  11.90 
Respectfully  submitted, 

A.  J.  Taunton,  a.m.e.i.c,  Chairman. 

Eric  W.  M.  James,  a.m.e.i.c,  Secretary-Treasurer. 
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Engineering  Progress  in  the  State  of  Victoria 
and  The  Melbourne  Centenary 

A  recent  issue  of  the  Journal  of  the  Institution  of 
Engineers,  Australia,  contains  a  series  of  articles  giving  the 
historical  record  of  one  hundred  years  of  engineering 
enterprise  in  the  State  of  Victoria.  The  story  is  a  striking 
one,  and  some  of  its  features  are  of  particular  interest  to 
Canadians  as  involving  problems  of  a  kind  familiar  to  the 
Canadian  west,  particularly  as  regards  irrigation  and  rural 
water  supply  in  areas  of  low  rainfall,  and  the  utilization  of 
large  deposits  of  lignite.  The  natural  resources  and  the 
transportation  facilities  of  the  State  appear  to  have  been 
developed  in  most  cases  under  public  control  or  ownership 
rather  than  as  a  result  of  private  enterprise. 

The  eastern  part  of  the  State  is  mainly  a  plateau  from 
1,000  to  2,000  feet  high  with  some  peaks  over  5,000  feet; 
the  mountain  slopes  are  forest-clad,  and  much  of  the  timber 
is  of  large  size. 

The  northwest  portion  of  the  State  is  more  level,  and 
sections  of  it  have  lower  rainfall  (from  ten  to  twenty 
inches),  particularly  on  the  northern  plains  extending  to  the 
Murray  river,  which  flows  to  the  northwest,  divides  Victoria 
from  New  South  Wales  and  is  the  principal  source  of  water 
supply  for  the  arid  districts.  As  in  the  Canadian  west, 
large  areas  of  land  where  precipitation  is  small,  only  require 
a  moderate  additional  supply  of  moisture  to  become  ex- 
tremely productive. 

Irrigation  projects  in  Victoria  were  contemplated  as 
early  as  1860,  but  it  was  not  until  1886  that  extensive 
development  took  place  under  the  provisions  of  the  State 
Irrigation  Act,  which  was  passed  in  that  year.  This  act 
was  somewhat  revolutionary,  because  it  vested  in  the  Crown 
the  right  to  use  the  water  in  any  stream,  lake  or  swamp, 
provided  for  the  extinction  of  any  riparian  rights  that  might 
prevent  the  use  of  water  for  irrigation,  authorized  the 
construction  of  national  works  by  the  State,  and  enabled 
local  authorities  to  carry  out  their  water  conservation 
schemes  with  money  advanced  from  the  public  treasury. 


Later,  in  1904,  another  Water  Act  dealt  more  particu- 
larly with  rural  water  supply  and  effected  complete  cen- 
tralization of  all  water  resources  under  a  State  Rivers  and 
Water  Supply  Commission.  Under  this  legislation  the 
beds  and  banks  of  all  streams  became  the  property  of  the 
Crown,  so  that  in  the  State  of  Victoria  streams  and  other 
natural  sources  of  water  supply  are  now  completely  na- 
tionalized. 

The  first  important  irrigation  project  involving  high- 
lift  pumping  on  a  large  scale  was  at  Mildura  on  the  Murray 
river.  A  large  part  of  the  drainage  area  of  that  river  lies 
in  the  State  of  New  South  Wales,  so  that  both  States  are 
concerned  in  the  utilization  of  its  waters,  accordingly  the 
large  irrigation  storage  at  Hume  on  the  Murray  is  a  joint 
undertaking.  The  Hume  dam  is  over  a  mile  long,  106  feet 
high  and  stores  1,250,000  acre-feet  of  water. 

As  regards  irrigation  in  general,  the  area  commanded 
by  the  5,200  miles  of  irrigation  channels  is  nearly  two  mil- 
lion acres,  to  which  a  very  large  addition  will  be  made  when 
the  contemplated  Yarrawonga  dam  across  the  Murray  is 
constructed. 

The  domestic  water  supply  of  rural  areas  is  also  reg- 
ulated by  the  Commission,  which  has  paid  close  attention 
to  the  needs  of  rural  municipalities  and  individual  farmers. 
For  this  purpose  local  divisions  known  as  domestic  and 
stock  supply  districts  are  organized,  and  these  cover  some 
fifteen  million  acres  of  the  agricultural  lands. 

Over  one  million  acres  of  farming  land  are  supplied  by 
sub-artesian  bores,  and  in  other  districts  water  for  domestic 
and  stock  purposes  is  supplied  by  over  8,000  miles  of 
channels  filled  by  pumping  or  gravitation. 

Farmers  are  required  to  provide  excavated  earthen 
storages  on  their  farms  which  must  be  of  sufficient  capacity 
to  meet  all  their  water  requirements  for  twelve  months,  and 
the  Commission  channels  are  run  once  only  each  year  to 
fill  them. 

The  magnitude  of  the  task  of  supplying  rural  Victoria 
with  water  (quite  apart  from  irrigation  requirements)  will 
be  appreciated  when  it  is  noted  that  by  channels,  bores  and 
other  methods,  about  one  quarter  of  the  whole  area  of  the 
State  is  artificially  supplied  with  potable  water  for  domestic 
and  stock  purposes,  and  that  in  this  way  areas,  otherwise 
non-productive,  have  been  added  to  its  farming  lands. 

The  State  government  has  been  no  less  active  in  the 
field  of  power  supply  and  fuel  utilization.  The  State 
Electricity  Commission,  formed  in  1918  after  a  study  of  the 
fuel  and  water  power  resources  of  the  State,  embarked  on  a 
policy  of  power  development,  of  which  perhaps  the  most 
interesting  feature  is  the  electric  generating  station  and 
briquetting  factory  at  Yallourn,  some  90  miles  east  of 
Melbourne,  where  an  immense  deposit  of  brown-coal 
(lignite)  180  feet  thick,  with  35-foot  overburden,  is  mined 
on  an  open  cut  system  and  electrical  energy  is  developed  on 
the  site  for  transmission  at  132,000  volts. 

Electric  power  is  used  for  the  removal  of  the  over- 
burden and  the  excavation  and  handling  of  the  fuel,  the 
amount  produced  being  approximately  10,000  tons  per  day. 
The  fuel  as  mined  contains  65  per  cent  of  moisture,  and  has 
a  calorific  value  of  3,000  B.t.u.  per  pound.  Some  1,200 
tons  per  day  are  briquetted  for  transport,  the  briquetted 
fuel  having  a  calorific  value  of  8,750  B.t.u.,  the  remainder 
being  used  in  the  generating  station  and  briquetting  plant. 

In  addition  to  the  brown-coal  deposits,  the  State 
produces  some  half  a  million  tons  per  annum  of  bituminous 
coal  which  is  principally  shipped  to  Melbourne. 

In  the  early  days,  however,  gold  mining  was  the  out- 
standing feature  of  the  State's  mineral  industry.  In  1851 
remarkable  discoveries  of  alluvial  gold  deposits  were  made 
at  Ballarat  and  Bendigo.  There  was  a  phenomenal  inrush 
of  gold-seekers,  and  in  1852  there  were  65,000  people  in 
the  mining  camps  of  the  district. 

The  alluvial  workings  later  gave  place  to  lode  mining 
and  in  1898  sluicing  and  dredging  methods  began  to  be 
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applied  to  the  alluvial  deposits,  much  of  the  equipment 
being  manufactured  within  the  State.  Within  the  past 
five  years  there  has  been  a  marked  revival  of  the  gold 
industry  with  an  increased  application  of  modern  methods. 

The  city  of  Melbourne  had  its  begmnmg  in  1835  in  a 
small  settlement  on  the  shores  of  Port  Phillip,  the  large 
bay  which  gives  access  from  the  sea  to  the  mouth  of  the 
Yarra  river.  The  city  had  a  population  of  77,000  in  1851, 
the  year  when  the  State  of  Victoria  was  separated  from  New 
South  Wales. 

The  sensational  development  of  the  gold  fields  during 
the  next  few  years  led  to  rapid  growth  which  has  since  con- 
tinued almost  uninterruptedly,  and  Melbourne  is  now  a  city 
of  over  one  million  inhabitants. 

Its  site,  like  that  of  many  Australian  cities  and  towns, 
was  originally  determined  by  the  existence  of  an  adequate 
water  supply,  so  that  the  city  itself  lies  some  distance  from 
the  mouth  of  the  river.  Round  the  shores  of  Hobson's  Bay, 
the  northern  portion  of  Port  Phillip,  the  suburbs  extend 
for  more  than  ten  miles,  while  at  the  mouth  of  the  river 
are  the  piers  and  wharves  of  Williamstown  and  Port  Mel- 
bourne. 

The  city  has  fine  public  buildings,  wide,  well-kept 
streets,  and  extensive  public  gardens  and  parks.  Mel- 
bourne is  one  of  the  great  ports  of  the  world,  and  its  harbour 
can  now  accommodate  vessels  drawing  37  feet  of  water,  as 
compared  with  a  depth  of  12  feet  6  inches  in  1876.  Over 
three  thousand  vessels  used  the  port  in  1933. 

The  provision  of  an  adequate  water  supply  for  Mel- 
bourne has  been  made  easy  by  the  availability  of  well- 
forested  catchment  areas  within  a  reasonable  distance  and 
these  have  been  vested  in  the  Metropolitan  Board  of  Works. 
The  four  main  reservoirs  give  a  gravity  supply  and  store 
twenty-three  billion  gallons. 

The  main  drainage  system  of  the  city  was  planned  in 
1890,  the  sewage  flowing  to  a  main  pumping  station  whence 
it  is  discharged  to  a  sewage  farm  16  miles  distant.  Rainfall 
and  storm  flow  is  sewered  separately  and  discharged  into 
the  Yarra  river  and  Port  Phillip  bay. 

As  regards  transportation,  the  metropolitan  area  is 
provided  with  a  modern  system  of  electric  tramways, 
although  some  portions  of  the  original  cable  system  estab- 
lished in  1885  are  still  in  operation. 

There  are  now  more  than  4,700  miles  of  railway  (5-foot 
3-inch  gauge)  in  the  90,000  square  miles  of  the  State  of 
Victoria. 

Road  development,  particularly  in  the  rural  districts, 
is  of  more  recent  growth,  but  has  been  favoured  by  a 
temperate  climate  and  the  availability  of  excellent  material. 
Highway  construction  in  Victoria  is  based  on  contributions 
from  municipalities  and  the  State,  aided  in  some  cases  by 
a  Federal  grant,  the  funds  being  administered  under  the 
Country  Roads  Board. 

Over  £14,000,000  have  been  expended  on  the  system 
of  main  roads,  developmental  roads  and  State  highways. 

The  development  of  mechanical  and  electrical  engi- 
neering establishments  in  Victoria  received  its  first  impetus 
in  connection  with  the  early  activity  in  gold  mining.  The 
construction  of  mining  machinery  was  followed  by  that  of 
agricultural  implements,  and  in  Victoria  more  recently  the 
manufacture  of  pumping  plants,  locomotives,  steel  pipes 
and  general  machinery  has  become  well  established.  Pro- 
gress can  also  be  noted  in  the  electrical  industry,  particu- 
larly as  regards  transformers  and  switchgear,  and  there  is 
at  Geelong  a  large  modern  cement  mill. 

The  centenary  of  the  city  of  Melbourne  is  being  cele- 
brated this  year  and  in  connection  with  the  celebrations, 
the  Institution  of  Engineers,  Australia,  are  holding  an 
engineering  conference  which  will  take  place  from  the  Uth 
to  the  16th  of  March,  1935,  One  of  the  principal  features 
of  this  conference  will  be  an  historical  review  of  the  engi- 
neering developments  of  the  State  for  the  past  one  hundred 
years. 


The  Institution  has  invited  The  Engineering  Institute 
of  Canada,  among  other  national  engineering  societies,  to 
take  part  in  the  conference  and  to  nominate  an  official 
representative. 

In  response  to  this  invitation.  Council  expressed  The 
Institute's  thanks  and  has  appointed  as  our  delegate  one 
of  our  members  long  resident  in  Australia.  Accordingly 
The  Engineering  Institute  of  Canada  will  be  represented 
at  the  conference  by  Mr.  T.  P.  Strickland,  M.Sc,  (McGill), 
M.E.i.c,  the  chief  engineer  of  the  Melbourne  and  Metro- 
politan Tramways  Board,  who  will  convey  to  the  con- 
ference and  to  the  Institution  the  best  wishes  of  The 
Institute,  together  with  our  congratulations  on  the  remark- 
able engineering  developments  which  have  taken  place  in 
the  State  of  Victoria  and  the  city  of  Melbourne.  ♦ 


Meeting  of  Council 

A  meeting  of  Council  was  held  at  Headquarters  on 
Friday,  January  18th,  1935,  at  eight  o'clock  p.m.,  with 
President  F.  P.  Shearwood,  m.e.i.c,  in  the  chair,  and  ten 
other  members  of  Council  present. 

Dr.  Lefebvre  reported  that  good  progress  had  been 
made  in  collecting  data  for  the  committee  under  his  chair- 
manship which  is  preparing  a  communication  on  the 
Montreal  and  Ship  Channel  Water  Levels  for  the  Board 
which  is  investigating  that  problem.  His  committee  would 
be  able  to  report  shortly. 

The  Annual  Report  of  the  Finance  Committee  and 
the  auditors'  statement  were  received  and  approved  for 
presentation  to  the  Annual  Meeting. 

Consideration  was  given  to  the  question  of  those 
members  in  arrears  for  1934,  who  would  consequently  be 
removed  from  The  Institute  list  if  the  provisions  of  the 
by-laws  were  enforced.  After  discussion,  on  the  recom- 
mendation of  the  Finance  Committee,  it  was  decided  to 
continue  these  members  on  the  roll  of  The  Institute  for 
the  present,  in  order  to  give  them  an  opportunity  to 
liquidate  their  indebtedness  or  furnish  explanations  which 
will  justify  Council  in  waiving  the  provisions  of  the  by- 
laws. 

The  Report  of  Council  and  the  committee  and  branch 
reports  for  the  year  1934  were  received  and  approved  for 
presentation  to  the  Annual  Meeting. 

The  membership  of  the  Nominating  Committee  for  the 
year  1935  was  noted,  and  it  was  unanimously  resolved  that 
Major  L.  F.  Grant,  m.e.i.c,  be  appointed  chairman  of  that 
committee. 

The  reports  of  the  various  medal  and  prize  committees 
were  received  and  approved  for  presentation  to  the  Annual 
Meeting. 

A  resolution  was  presented  from  the  Ottawa  Branch, 
for  transmittal  to  the  Annual  Meeting,  suggesting  that 
renewed  steps  should  be  taken  to  effect  as  early  as  possible 
closer  unity  with  the  Association  of  Professional  Engineers. 

The  thanks  of  Council  were  voted  to  Mr.  William 
Storrie,  m.e.i.c,  for  his  kindness  in  visiting  and  address- 
ing The  Institute  members  at  Port  Arthur,  Winnipeg, 
Saskatoon,  Edmonton  and  Regina. 

Three  resignations  were  accepted,  a  number  of  members 
were  placed  on  the  Non-Active  List,  one  Life  Membership 
was  granted,  and  several  special  cases  were  dealt  with. 

A  number  of  applications  for  admission  and  for  transfer 
were  considered,  and  the  following  elections  and  transfers 
were  effected : — 

Elections  Transfers 

Member 1  Member  to  Assoc.  Member ...  1 

Associate  Members 6        Junior  to  Assoc.  Member 2 

Juniors 2        Student  to  Assoc.  Member 1 

Students  admitted 10        Student  to  Junior 1 

The  Council  rose  at  eleven  thirty  p.m. 
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J.  J.  Traill,  M.E.I. C, 

Chairman, 

Annual  Meeting  Committee. 


The  Annual  General 

and  General 
Professional  Meeting 


J.  W.  Falkner,  A.  M.E.l.C, 

Chairman, 
Registration  Committee. 


G.  S.  L.  Hertzberg,  M.E.l.C, 

Chairman, 

Papers  and  Meetings  Committee. 


February 

7th,  8th  and  9th, 

1935 


A.  U.  Sanderson,  A.M.E.I.C., 

Chairman, 
Publicity  General  Committee. 


Blank  &  Sloller  Ltd. 

C.  J.  Ingles,  A. M.E.l.C, 

Chairman, 

Finance  Committee. 


W.  B.  Dunbar,  A.M.E.I.C, 

Secretary, 

Annual  Meeting  Committee. 
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Committee  of 
Toronto  Branch 

in  Charge  of  Arrangements 


Royal  York 
Hotel, 

Toronto,  Ont. 


A.  B.  Crealock,  A.M.E.I.C., 

Acting  Chairman, 
Annual  Meeting  Committee. 


R.  B.  Young,  M.E.I.C.,  W.  E.  Bonn,  A.M.E.I.C, 

Chairman,  Chairman, 

Publicity  re  Attendance  Committee.        Entertainment  and  Hotel  Committee. 


W.  S.  Wilson,  A.M.E.I.C, 

Secretary-Treasurer, 

Toronto  Branch. 


G.  H.  Davis,  M.E.I.C, 

Chairman, 

Hotel  Committee. 


A.  M.  Reid,  A.M.E.I.C,  Chairman, 

Entertainment  and  Excursions 

Committee. 
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OBITUARIES 

William  Charles  Adams,  M.E.I.C. 

It  is  with  very  deep  regret  that  we  record  the  death 
at  Montreal  on  January  7th,  1935,  of  William  Charles 
Adams,  m.e.i.c. 

Mr.  Adams  was  born  in  Martin  county,  Minnesota, 
on  September  10th,  1880,  and  graduated  from  the  Univer- 
sity of  Minnesota  in  1904  with  the  degree  of  E.E. 

Following  graduation  Mr.  Adams  became  connected 
with  a  number  of  electrical  companies  where  he  gained 


W.  C.  Adams,  M.E.I.C. 

a  wide  and  varied  experience  in  the  science  of  electrical 
communication,  and  in  1906  he  joined  the  staff  of  the 
Western  Electric  Company,  being  engaged  until  1908  on 
telephone  equipment  engineering.  From  that  time  until 
November  1909  he  was  inspector  of  apparatus  manu- 
factured in  the  company's  New  York  shops,  and  was  sub- 
sequently until  1913  engineering  inspector  of  completed 
telephone  control  office  equipment,  being  in  charge  of  this 
inspection  work  for  the  last  year  and  a  half.  From  March 
1913  until  June  1914  he  was  in  charge  of  all  engineering 
inspection  work  at  the  company's  Hawthorne  plant  at 
Chicago,  and  from  that  time  until  1919  he  was  responsible 
for  the  detail  inspection  of  material,  tools  and  apparatus 
purchased  by  the  company  for  its  customers  from  other 
suppliers.  In  April  1919  Mr.  Adams  was  transferred  to 
the  Montreal  plant  of  the  Northern  Electric  Company 
Limited  as  head  of  the  Engineering  Department  and  held 
that  position  until  1934  when  he  was  appointed  con- 
sulting engineer,  reporting  to  the  president. 

Mr.  Adams  was  a  member  of  the  Main  Committee  of 
the  Canadian  Engineering  Standards  Association,  rep- 
resenting the  Canadian  Manufacturers'  Association,  and 
was  the  Northern  Electric  Company's  representative  in  the 
American  Society  for  Testing  Materials.  He  was  also  a 
member  of  the  Corporation  of  Professional  Engineers  of 
Quebec,  the  Telephone  Pioneers  of  America,  and  the 
American  Institute  of  Electrical  Engineers. 

Mr.  Adams  joined  The  Institute  as  a  Member  on  May 
17th,  1921,  and  took  a  keen  and  active  interest  in  its  affairs, 
having  represented  the  Montreal  Branch  on  Council  in 
1927,  1928  and  1929,  and  acted  as  Treasurer  of  The  Institute 
in  1931  and  1932. 

Charles  James  Fox,  A. M.E.I.C. 

It  is  with  regret  that  we  announce  the  death  of  Charles 
James  Fox,  a.m.e.i.c,  at  Vancouver,  B.C.,  on  November 
20th,  1934. 


Mr.  Fox  was  born  at  Dublin,  Ireland,  on  February 
23rd,  1880,  and  received  his  early  education  in  that  city. 

From  April  1896  until  February  1900  he  was  engaged 
on  draughting  surveying  and  general  engineering  work 
with  the  civU  branch  of  the  Royal  Engineers,  Dublin,  and 
in  the  following  year  was  designing  and  superintending  the 
erection  of  steel  frame  buildings,  etc.,  with  Kennan  and 
Sons,  Dublin.  In  January  1901  he  went  to  London  and 
was  on  the  staff  of  David  Rowell  and  Company,  and  was 
later,  until  July  1905  with  Dr.  G.  F.  Deacon,  consulting 
engineer,  as  his  pupU  and  assistant  on  the  design  and 
construction  of  large  water  supply  and  hydraulic  works. 
Coming  to  this  country,  Mr.  Fox  was  for  over  four  years 
with  the  Atlantic  Quebec  and  Western  Railway,  in  charge 
of  design  work  in  connection  with  steel  bridge  foundations, 
timber  bridges,  culverts,  etc.,  and  as  resident  engineer  on 
three  sections  of  construction  and  in  complete  charge  of 
the  carrying  out  of  various  bridge  foundations,  timber 
trestle  bridges,  and  concrete  retaining  walls.  Following 
this  Mr.  Fox  was  for  six  months  resident  engineer  with  the 
Alberta  and  Great  Waterways  Railway  in  Alberta,  and 
was  subsequently  with  the  Canadian  Northern  Pacific 
Railway  for  three  years,  and  with  the  Pacific  Great  Eastern 
Railway,  in  British  Columbia,  for  two  years,  Mr.  Fox 
served  overseas  for  four  years,  enlisting  at  North  Vancou- 
ver, and  going  to  France  as  a  sapper  with  the  1st  Divisional 
Engineers.  He  received  his  commission  in  the  field,  and 
returned  as  a  Captain,  having  been  awarded  the  M.C.  For 
the  past  fourteen  years  Mr.  Fox  has  been  in  the  engineering 
department  of  the  Vancouver  Harbour  Commissioners 
being  respectively  chief  draughtsman  and  later  assistant 
engineer,  which  position  he  held  at  the  time  of  his  death. 

Mr.  Fox  joined  The  Institute  as  an  Associate  Member 
on  December  21st,  1915.  He  was  active  in  Institute 
affairs  and  in  those  of  the  Vancouver  Branch,  on  whose 
Executive  Committee  he  served  in  1931,  1932  and  1933. 

Michael  Joseph  Murphy,  A.M.E.I.C. 

Deep  regret  is  expressed  in  placing  on  record  the  death 
of  Michael  Joseph  Murphy,  a.m.e.i.c,  which  occurred  at 
Moncton,  N.B.,  on  December  30th,  1934. 

Mr.  Murphy  was  born  at  Halifax,  N.S.,  on  June  4th, 
1881,  and  received  his  early  education  in  that  city.    He  was 


M.  J.  Murphy,  A.M.E.I.C. 

the  son  of  the  late  Dr.  Martin  Murphy,  m.e.i.c,  a  former 
President  of  The  Institute. 

He  commenced  his  engineering  career  as  a  member  of 
the  survey  staff  on  the  Nova  Scotia  Eastern  Railway  in 
1903-1903,  and  the  following  year  was  spent  in  the  provin- 
cial engineer's  office  at  Halifax.  From  April  1905  to  March 
1906  Mr.  Murphy  was  engaged  with  the  Halifax  and  South 
Western  Railway,  and  from  that  time  imtil  April  1907  he 
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was  topographer  and  leveller  on  the  Canadian  Northern 
Railway  in  the  provinces  of  Quebec  and  Ontario.  Later  in 
1907  he  was  instrumentman  on  the  construction  of  a  spur 
line  from  the  Algoma  Central  Railway  to  the  Superior 
Copper  Company's  mine  in  Ontario,  and  in  1908  he  was 
assistant  engineer  for  a  time  on  the  Georgian  Bay  canal. 
From  1909  to  1914  Mr.  Murphy  was  with  a  location  party 
through  the  Rocky  Mountains,  and  was  then  engaged  on  the 
construction  of  the  Grand  Trunk  Pacific  Railway  through 
the  mountain  section  in  Alberta  and  British  Columbia. 
In  1914-1915  he  was  assistant  to  the  consulting  engineer 
with  the  Canadian  Government  Railways,  and  in  1915 
was  appointed  assistant  engineer  at  Moncton,  which 
position  he  held  up  to  the  time  of  his  death. 

Mr.  Murphy  became  an  Associate  Member  of  The 
Institute  on  May  26th,  1920,  and  has  always  been  keenly 
interested  in  Institute  activities,  having  been  vice-chairman 
of  the  Moncton  Branch  in  1929,  and  chairman  in  1930. 

John  Herbert  Larmonth,  M.E.I.C. 

Members  of  The  Institute  will  learn  with  regret  of  the 
death  at  Montreal  on  January  3rd,  1935,  of  John  Herbert 
Larmonth,  m.e.i.c. 

Mr.  Larmonth  was  bom  at  Montreal  on  May  19th, 
1872,  and  was  educated  at  the  High  School  and  McGill 
University,  graduating  from  the  latter  institution  in  1894. 

After  leaving  college  Mr.  Larmonth  was  for  a  time 
in  the  locomotive  shops  and  draughting  office  of  the  Grand 
Trunk  Railway,  Montreal,  and  was  afterwards  with  the 
Laurie  Engine  Company.  Moving  to  Ottawa,  Mr.  Lar- 
month worked  in  the  office  of  C.  H.  Keefer,  and  sub- 
sequently was  with  the  E.  B.  Eddy  Company,  Hull,  as 
construction  engineer.  He  was  later  for  six  months  resident 
engineer  under  C.  H.  Keefer  on  hydraulic  power  house  and 
dam  construction  at  Peterborough,  Ontario,  and  fol- 
lowing this  was  for  two  years  engaged  on  mechanical 
engineering  work  for  the  Quaker  Oats  Company  at  Peter- 
borough, later  becoming  works  manager  of  that  company. 
Mr.  Larmonth  was  also  for  five  and  a  half  years  chief 
engineer  and  general  manager  for  the  Peterborough  Hy- 
draulic Power  Company,  the  Peterborough  Radial  Railway 
Company  and  the  Peterborough  Light  and  Power  Company, 
being  for  a  short  time  general  manager  of  the  Electric  Power 
Company.  During  the  war  Mr.  Larmonth  was  connected 
with  the  Imperial  Munitions  Board  as  superintendent  of 
the  Steel  Department,  and  in  1918  began  practice  as  a 
consulting  engineer  in  Montreal.  Becoming  interested  in 
the  railway  supply  business  in  1922,  he  took  over  the 
representation  of  a  number  of  companies,  later  becoming 
president  of  Engineering  Materials  Limited,  the  position 
which  he  held  at  the  time  of  his  death. 

Mr.  Larmonth  joined  The  Institute  (then  the  Cana- 
dian Society  of  Civil  Engineers)  as  a  Student  on  March 
29th,  1894;  on  April  14th,  1904,  he  became  an  Associate 
Member,  and  on  March  9th,  1912,  a  full  Member. 

PERSONALS 

Gordon  J.  Jue,  s.e.i.c,  who  graduated  from  McGill 
University  with  the  degree  of  B.Eng.  in  1932,  is  now 
located  at  Canton,  China,  where  he  is  teaching  at  the  Pui 
Ching  Middle  School. 

Brigadier  A.  C.  Caldwell,  m.e.i.c,  has  retired  from  the 
position  of  Quartermaster-General,  Department  of  National 
Defence,  Ottawa,  Ontario. 

Brigadier  Caldwell,  who  graduated  from  the  Royal 
Military  College  in  June,  1898,  has  had^a  long  and  dis- 
tinguished  career. 

From  December  1899  to  February  1900  he  was  on  the 
staff  of  the  officer  commanding  Royal  Engineers,  western 
lines  of  communication  in  South  Africa,  and  from  April  to 


November  1900  he  was  on  the  staff  of  the  field  intelligence 
department.  In  May  1901  he  was  appointed  to  the  14th 
Regiment  as  lieutenant,  and  in  August,  1902,  was  trans- 
ferred to  the  Canadian  Engineers.  In  April  1903  he  became 
Captain  in  the  Corps  of  Guides,  and  in  July  1903  he  was 
appointed  Intelligence  Staff  Officer,  being  promoted  to  the 
rank  of  Major  in  February  1904.  In  March  1905  he  was 
transferred  to  the  Royal  Canadian  Engineers  as  a  Captain, 
and  in  July  of  the  same  year  he  was  appointed  assistant 
director  of  intelligence,  becoming  a  Major  with  the  Royal 
Canadian  Engineers  in  October  1907.  In  May  1911 
Major  Caldwell  was  appointed  chief  engineer,  2nd  Divisional 
area,  and  in  May  1915  he  was  promoted  to  the  rank  of 
Lieutenant-Colonel,  becoming  Brevet  Colonel  in  October 
1917.  In  March  1918  he  was  appointed  General  Staff 
Officer  Grade  I,  Militia  Headquarters,  and  in  June  1922 
he  became  substantive  Colonel,  Royal  Canadian  Engineers, 
and  was  appointed  Director  of  Engineer  Services,  IDepart- 
ment  of  National  Defence,  Ottawa,  Ont.  On  January  1st, 
1930,  he  was  promoted  to  the  rank  of  Brigadier,  and  received 
the  appointment  from  which  he  has  recently  retired. 

Brigadier  Caldwell  became  a  Member  of  The  Institute 
in  1927. 

Brigadier  W.  H.  P.  Elkins,  Affiliate  e.i.c,  formerly 
commandant  of  the  Royal  Military  College,  Kingston, 
Ontario,  has  been  appointed  officer  commanding  Military 
District  No.  2,  Toronto,  Ontario.  Brigadier  Elkins  grad- 
uated from  the  Royal  Military  College  in  1905,  and  was 
subsequently  a  lieutenant  in  the  Royal  Canadian  Horse 
Artillery.  From  May  1908  until  February  1910  he  served 
in  India  with  the  Royal  Horse  Artillery,  and  in  November 
1910  he  was  promoted  to  the  rank  of  captain  in  the  Royal 
Canadian  Horse  Artillery.  From  1914  until  1919  he  served 
overseas,  commanding  A.  Battery  R.C.H.A.  in  France  from 
February  until  December  1916,  and  commanding  the 
R.C.H.A.  Brigade  in  France  from  the  last  mentioned  date 
until  the  end  of  the  war,  when  he  returned  to  Canada  in 
command  of  the  Brigade,  which  he  held  until  1922.  From 
1920  until  1922  he  was  commandant  of  the  Royal  School 
of  Artillery  (Mobile),  on  post  war  reorganization  from  1922 
to  1925  he  commanded  the  Royal  Canadian  Artillery, 
Halifax  and  was  commandant  of  the  Royal  School  of 
Artillery  (Coast  Defence  and  Anti-aircraft),  from  1925  to 
1926  he  resumed  the  appointment  which  he  had  held  in 
1920-1922.  In  1927  he  was  appointed  staff  officer.  Artillery, 
Department  of  National  Defence,  Ottawa,  and  also  chair- 
man of  the  Standing  Arms  Committee,  and  in  1930  he 
received  the  appointment  from  which  he  now  resigns. 

Thomas  W.  Harvie,  m.e.i.c,  has  retired  from  the 
position  of  general  manager  of  the  Montreal  Harbour 
Commission,  which  he  has  held  for  some  years. 

Bom  in  Scotland  in  1877,  Mr.  Harvie  was  educated  at 
the  Glasgow  and  West  of  Scotland  Technical  College, 
later,  from  1894-1899  serving  his  apprenticeship  with 
Messrs.  Kyle,  Dennison  and  Frew,  civil  engineers,  of 
Glasgow.  In  1899-1900  he  was  assistant  engineer  with  the 
same  company,  and  in  1900  he  joined  the  staff  of  the 
Caledonian  Railway  Company  as  assistant  resident  engi- 
neer. In  1902  Mr.  Harvie  entered  the  service  of  the  Clyde 
Navigation  Trust  as  assistant  engineer,  which  position  he 
held  until  1904  when  he  became  resident  engineer  for  the 
Trust.  From  1907  until  1910  he  was  agent  and  chief 
engineer  on  the  construction  of  Yorkhill  basins  and  quays 
for  the  Clyde  Navigation  Trust.  Coming  to  Canada  in 
1910  Mr.  Harvie  was  resident  engineer  on  the  construction 
of  the  new  Victoria  pier,  shore  wharves,  etc.,  for  the  Mont- 
real Harbour  Commissioners,  and  in  1913  he  was  ap- 
pointed assistant  chief  engineer,  holding  that  position  until 
1922  when  he  became  chief  engineer,  an  appointment  which 
he  retained  until  his  promotion  to  the  office  from  which  he 
now  retires. 
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J.  L.  Busfield,  M.E.I.C.,  has  been  appointed  managing 
director  of  Gardner  Engines  (Eastern  Canada)  Limited, 
the  Canadian  subsidiary  of  Norris,  Henty  and  Gardners 
Limited,  of  Patricroft,  Lant-s.,  England  (manufacturers 
of  the  Gardner  Diesel  engine)  operating  in  the  territory 
from  the  Maritime  Provinces  to  Saskatchewan. 

Mr.  Busfield  was  born  in  London,  England,  in  1888, 
and  was  educated  at  the  City  of  London  School  and  Dul- 


J.  L.  Busfield,  M.E.I.C. 

wich  College,  and  in  1907  graduated  from  the  Central 
Technical  College  (City  and  Guilds  Institute)  and  London 
University,  receiving  from  the  latter  institution  the  degree 
of  B.Sc,  with  honours  in  engineering. 

Following  graduation  he  came  to  Canada,  and  during 
the  years  1907-1912  was  with  the  eastern  division  of  the 
Grand  Trunk  Railway,  first  on  the  resident  engineer's  staff 
and  later  as  principal  assistant  to  the  resident  engineer. 
In  1912  Mr.  Busfield  was  appointed  chief  of  party  in 
charge  of  surveys  with  the  Mount  Royal  Tunnel  and 
Terminal  Company  in  connection  with  the  construction  of 
the  double-track  tunnel  through  Mount  Royal  at  Mont- 
real. Subsequently  he  became  assistant  engineer  in  charge 
of  surveys  and  alignment  on  the  eastern  division  of  the 
work  and  later  office  engineer  in  charge  of  the  preparation 
of  the  terminal  designs.  In  1915  Mr.  Busfield  became 
engineer  with  the  chairman  of  the  Georgian  Bay  Canal 
Commission  and  was  engaged  in  investigating  the  eco- 
nomic feasibility  of  that  project.  In  1916  he  joined  the 
staff  of  Walter  J.  Francis  and  Company  as  principal 
assistant,  and  during  the  following  six  years  was  engaged 
principally  on  hydro-electric  work.  In  1922  Mr.  Busfield 
was  a  partner  with  de  Gaspe  Beaubien,  m.e.i.c,  in  the  firm 
of  Beaubien,  Busfield  and  Company,  Montreal,  and  in- 
this  capacity  was  in  charge  of  the  construction  of  hydro- 
electric plants,  reporting  on  numerous  similar  projects  and 
other  related  work.  In  1927  he  entered  the  commercial 
sphere  and  became  president  of  the  firm  of  Busfield, 
McLeod  Limited,  successors  to  Chemical  Engineering 
Equipment  Company  Limited,  changed  early  in  1934  to 
J.  L.  Busfield  and  Company  Limited,  and  in  these  later 
capacities  acted  as  Eastern  Canadian  representative  of 
Norris,  Henty  and  (Jardners  Limited. 

Mr.  Busfield  has  been  prominent  in  the  affairs  of  The 
Institute  for  many  years,  having  been  secretary-treasurei- 
of  the  Montreal  Branch  in  1919-1922;  vice-chairman  of 
the  Branch  in  1924,  and  chairman  in  1925.  He  has  served 
almost  continuously  on  the  Council  of  The  Institute  since 
1926,  and  has  been  chairman  at  one  time  or  another  of  such 
committees  as  Finance,  Publication,  Papers,  Library  and 
House,  Remuneration  of  l^'.ngineers,  Prizes,  Development, 
and  others. 

G.  Gordon  Gale,  m.e.i.c,  former  vi(U'-president  and 
general  manager  of  the   Gatineau   Power  Company,   has 


been  made  president  of  that  company  and  also  of  the 
Canadian  Hydro-Electric  Corporation.  Mr.  Gale  was 
educated  at  McGill  University,  obtaining  the  degree  of 
B.Sc.  in  mining  engineering  in  1903,  the  B.Sc.  in  electrical 
engineering  in  1904,  and  the  M.Sc.  in  1905.  Following  this 
Mr.  Gale  was  for  a  time  assistant  engineer  with  the  Cana- 
dian Rubber  Company,  becoming  resident  for  Messrs. 
Ross  and  Holgate  at  Deschenes,  Que.,  in  1907.  Later 
in  the  same  year  he  was  appointed  superintendent  of  power 
with  the  Hull  Electric  Company,  holding  that  position 
until  1909  when  he  became  acting  general  superintendent. 
In  1914  he  was  made  general  manager  of  the  company  and 
remained  in  that  position  until  he  was  appointed  general 
manager  of  the  Gatineau  Power  Company. 

ELECTIONS  AND  TRANSFERS 

At  the  meeting  of  Council  held  on  January  18th,  1935, 
the  following  elections  and  transfers  were  effected: — 

Member 

IlIGGft,  Henry  Earle,  B.A.,  (Kansas  Univ.),  C.E.,  (Univ.  of  Mich.), 
consltg.  engr.,  527  East  Liberty  St.,  Ann  Arbor,  Mich. 

Associate  Members 

BAILEY,  Charles  David,  engr.,  Dominion  Bridge  Co.  Ltd., 
Montreal,  Que. 

BEATON,  Neville,  res.  engr.,  Powell  River  Co.  Ltd.,  Powell  River, 
B  C 

BELANGER,  Rene,  B.A.Sc,  C.E.,  (Laval  Univ.,  Montreal),  engr. 
and  supt.  of  plants  of  Quebec  Pulp  &  Paper  Corpn.,  Soci^t^"'  d'Eclairage 
et  d'Energie  Electrique  du  Saguenay,  and  Chicoutimi  Mills,  Ltd., 
Chicoutimi,  Que. 

JOHNSTON,  Alexander  Charles,  elect'l.  supt.,  Aluminum  Com- 
pany of  Canada,  Ltd.,  Arvida,  Que. 

PERRY,  Aubrey  Huffman,  B.A.Sc,  (Univ.  of  Toronto),  asst.  engr., 
Dept.  of  Pensions  and  National  Health,  St.  Catharines,  Ont. 

STOBBART,  William  Morley,  asst.  engr.,  Dominion  Bridge  Co. 
Ltd.,  Montreal,  Que. 

Juniors 

BECKER,  Donald  Fay,  B.A.,  B.Sc,  (Univ.  of  Alta.),  secretary- 
treasurer,  Richfield  Distributors  Ltd.,  Calgarv,  Alta. 

BECKER,  Howard  Warren,  B.A.,  B.Sc^  (Univ.  of  Alta.),  vice- 
president,  Richfield  Distributors  Ltd.,  Calgary,  Alta. 

Transferred  from  the  class  of  Associate  Member  to  that  of 
Member 

ADDIE,  George  Kyle,  B.Sc,  (McGill  Univ.),  consltg.  engr., 
Quebec,  Que. 

Transferred  from  the  class  of  Junior  to  that  of 
Associate  Member 

KILLAM,  Donald  Alexander,  B.Sc,  (McGill  Univ.),  designing 
engr.,  Canadian  Industries  Ltd.,  Montreal,  Que. 

STEPHENS,  Donald  McGregor,  B.Sc,  (Univ.  of  Man.),  technical 
dftsman.,  Surveys  Br.,  Dept.  Mines  and  Natural  Resources,  Winnipeg, 
Man. 

Transferred  from  the  class  of  Student  to  that  of  Associate 
Member 

CARVER,  Stanley  Cox,  B.A.Sc,  (Univ.  of  B.C.),  asst.  designing 
engr.,  Fleming  Bros.,  Struct'l.  Engrs.,  London,  England. 

Transferred  from  the  class  of  Student  to  that  of  Junior 
ADDISON,  John  Hillock,  B.A.Sc,   (Univ.  of  Toronto),  engr.  in 
charge  of  surveying,  Minefinders  Ltd.,  Noranda,  Que. 

Students  Admitted 

CADRIN,  Paul  Emile,  (Ecole  Polytechnique,  Montreal),  123  Dor- 
chester St.  East,  Montreal,  Que. 

CAMPBELL,  Duncan  Chester,  B.Sc,  (Univ.  of  N.B.),  210  Wins- 
low  St.,  West  Saint  John,  N.B. 

JEFFREY,  James  Stewart,  (McGill  Univ.),  2063  Stanley  St., 
Montreal,  Que. 

KERSHAW,  Norman  William,  B.Sc,  (Univ.  of  Sask.),  2201  Dor- 
chester St.  West,  Montreal,  Que. 

MARTIN,  Colin  Hector,  B.Sc,  (Univ.  of  Man.),  Selkirk,  Man. 

PAPOFF,  William  Nikitovitch,  B.Sc,  (Univ.  of  Sask.),  Cons. 
Mining  &  Smelting  Co.  Ltd.,  Trail,  B.C. 

SHERW(X)D,  Harris  Mitchell,  B.Sc,  (Univ.  of  Alta.),  55  Second 
St.,  Medicine  Hat,  Alta. 

SHORTALL,  .John  Desmond,  (McGill  Univ.),  5094  Cote  St. 
Antoine  Rd.,  Montreal,  Que. 

THOMAS,  James  Macleod,  B.Sc,  (Univ.  of  N.B.),  236  Waterloo 
Row,  Fredericton,  N.B, 

WOZNOW,  John,  (Univ.  of  Alta.),  University  of  Alberta,  Edmon- 
ton, Alta. 
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REGENT  ADDITIONS  TO  THE  LIBRARY 

Reports,  etc. 

Inslilution  of  Civil  Engineers  {Great  Britain): 
Selected  Engineering  Papers: 
No.  151 — The  Design  of  Piers  for  !i  Bridge  or  Sluice  Darn;  an  In- 
vestigation with  the  aid  of  Model  Experiments. 
152 — New  Harbour  Works,  Three  Rivers,  Canada. 
153 — The  Repair  and  Maintenance  of  Vertical  Gas  Retorts. 
154 — P^ailures  in  Steel  and  Cast-Iron  Mains  and  Provisions  for 

Their  Protection. 
155 — The  Port  of  Para  Construction  Works. 
156 — Taste  and  Smell  Troubles  in  Bulawayo  Water,  with  special 

reference  to  the  Use  of  Activated  Carbon. 
157 — The  Carlton  Bridge,  Christchurch,  New  Zealand. 
158 — Transport   Problems   in    Western   Australia,   with   special 
reference  to  Railway  Construction  and  Harbour  Develop- 
ment. 
159 — Recent    Remarkable    Rains    in    Southern    Rhodesia    with 

certain  deductions  as  to  Probable  Maximum  Floods. 
160 — The  Construction  of  No.  2  Graving  Dock  at  Elderslie. 
161 — Tests  on   Cast-iron   Girders   Removed  from  the   British 

Museum. 
162 — The  Strengthening  of  a  Cast-iron  Bridge  by  Welded  Steel 
Bars  Encased  in  Concrete.     The  Holt  Fleet  Bridge  near 
Worcester. 
163 — Circulating  Water  Culverts  for  the  Portishead  Generating 

Station  of  the  Bristol  Corporation. 
164 — Fundamental  Assumptions  in  Reinforced  Concrete  Design. 
165 — Plain  and  Reinforced  Concrete  in  Torsion  with  particular 

reference  to  Reinforced  Concrete  Beams. 
166 — The  Construction  of  a  Bridge  over  the  River  Benue  at 

Makurdi,  Nigeria. 
167— The  Stability  of  Tall  Building  Frames. 
168 — Methods  of  Determining  the  Thickness  of  Steel  Plates  and 

Castings. 
169 — Recent  Extensions  of  Portslade  (Brighton)  Gas  Works. 
170 — The  Effect  of  Fluid-Pressure  on  the  Permanent  Deforma- 
tion of  Metals  by  Shear. 
171 — The  Port  of  Suva,  Fiji;  Its  History  and  Development. 
American  Concrete  Institute:  List  of  Members,  1934. 
Canada:  Report  of  the  Minister  of  Public  Works,  1934. 
National  Research  Council,  Canada:  17th  Annual  Report,  1933-1934. 
American  Institute  of  Mining  and  Metallurgical  Engineers:  Year  Book, 

1935. 
Governor  of  the  Panama  Canal:  Annual  Report,  1934. 
The  Constriction  Trade:  Review  and  Forecast,  1935.     (Supplement  of 

Daily  Commercial  News.) 
Canada,  Department  of  National  Defence:  Defence  Forces  List,  1934. 

Technical  Books,  etc.,  Received 

Suspension  Bridges  of  Short  Span,  by  F.  H.  Frankland.     {American 

Institute  of  Steel  Construction.) 
Resistance  of  Materials,  by  F.  B.  Seely.    {John  Wiley  and  Sons.) 
The  Canadian  Almanac,  1935. 


BOOK  REVIEWS 

Suspension  Bridges  of  Short  Span 

By  F.  H.  Frankland,  American  Institute  of  Steel  Construction  Inc.,  New 
York,  1934.  6  by  914,  inches,  128  pages,  diagrams,  photos.   $3.50.   Cloth. 

This  book  is  an  endeavour  to  furnish  in  easily  usable  form,  basic 
information  on  the  design  and  construction  of  modern  suspension 
bridges  smaller  in  size  than  monumental  structures  such  as  the  George 
Washington  bridge. 

Bridge  engineers  will  find  in  this  book  the  data  necessary  to  make 
a  complete  design  for  suspension  bridges  of  all  types,  with  loaded 
or  unloaded  backstays,  self-anchored  or  gravity-anchored,  ordinary  or 
multiple-span  arrangements.  The  author  notes  the  recent  important 
advance  in  suspension  bridge  design  brought  about  by  the  introduction 
of  the  generalized  deflection  theory. 

Aesthetics  and  their  relation  to  economies  of  design  are  discussed, 
a  subject  frequently  omitted  from  books  on  the  design  of  bridges. 

The  author  deals  with  impact  and  explains  his  method  of  design- 
ing the  entire  cross  section  of  the  floor  system  and  stiffening  members 
as  a  unit  to  resist  shear,  bending  moment,  transverse  wind  and  com- 
pression when  a  self-anchored  design  is  used. 

The  chapter  on  multiple  span  bridges  is  timely  in  view  of  present 
tendencies  in  the  United  States  practice. 

A  complete  chronological  table  of  suspension  bridges  with  main 
spans  of  800  feet  and  less,  built  since  1900,  is  included  as  is  also  a 
bibliography  of  seventy  books  and  papers,  in  English  and  foreign 
languages,  dealing  with  matters  discussed  in  the  book. 

The  book  is  well  illustrated  and  adequately  indexed. 


An  Introduction  to  Practical  Organic  Chemistry 

By  W.  A.  Waters,  Longmans  Green  and  Company,  Toronto,  193^. 

5  by  lYi  inches,  diagrams,  etc.     SI. 10.     Cloth. 

Reviewed  by  Dr.  E.  E.  Massey* 

Dr.  Water's  purpose  is  to  provide  a  lalwratory  manual  for  those 
students  having  a  limited  number  of  hours  at  their  disposal  for  the 
study  of  practical  organic  chemistry.  The  aim  is  at  a  wide  range  of 
important  reactions  rather  than  depth  of  treatment. 

The  book  consists  of  three  sections,  dealing  respectively  with 
technique,  preparation  and  identification  of  organic  compounds.  The 
section  on  technique  is  more  thorough  than  in  many  manuals  of  wide 
scope.  This  is  to  be  commended,  since  it  is  common  for  students  who 
have  presumably  completed  a  course  of  elementary  preparations  to  be 
at  a  complete  loss  when  required  to  carry  out  some  simple  fundamental 
process,  mainly  because  the  necessity  has  not  occurred  in  the  prepar- 
ations which  have  been  made.  The  section  contains,  in  addition,  useful 
paragraphs  on  such  topics  as  "cleaning  vessels,"  "decolorization  of 
solutions,"  and  "avoidance  of  bumping"  In  addition  to  details  of 
technique,  attention  is  paid  to  difficulties  which  are  likely  to  occur 
in  carrying  out  the  proce.'^ses.  The  preparations  described  are  sufficient 
for  a  short  course,  though  it  might  have  been  advisable  to  include  a 
Grignard  reaction  or  acetoacetic  ester  synthesis.  Considerable  em- 
phasis is  placed  on  the  value  of  test  tube  reactions,  a  point  frequently 
ignored  in  laboratory  manuals  in  organic  chemistry.  The  arrange- 
ment differs  from  that  of  many  books  on  the  subject.  The  author 
does  not  omit  all  compounds  containing  a  benzene  ring  from  sections 
dealing  with  reactions  of  aliphatic  compounds.  Hence,  there  is  less 
likelihood  of  a  student  reaching  the  erroneous  conclusion  that  the  side 
chain  of  an  aromatic  compound  behaves  differently  from  an  aliphatic 
compound.  This  often  occurs  where  a  rigid  division  is  made  between 
aliphatic  and  aromatic  substances.  The  section  dealing  with  identifica- 
tion is,  in  effect,  an  extension  and  summary  of  the  reactions  of  the 
most  important  organic  gioups. 

The  type  is  good,  and  the  book  is  comparatively  free  from  mis- 
prints, these  being  limited  to  an  occasional  missing  letter.  Illustrations 
are,  in  general  good,  but  on  page  20  both  tubules  of  a  condenser  are 
represented  as  exits,  and  in  the  sketches  of  separatory  funnels  the 
stop  cock  vent  is  at  right  angles  to  the  correct  position. 

The  author  succeeds  in  accomplishing  his  purpose,  and  the  manual 
should  be  especially  valuable  to  those  who  are  compelled  to  acquire 
their  knowledge  of  organic  chemistry  while  engaged  in  plant  practice. 
It  should  be  used  in  conjunction  with  an  adequate  theoretical  treat- 
ment of  the  subject. 


^Research  Chemist,  Donald-Hunt,  Limited,  Montreal. 

Mechanical  Vibrations 

By  J.  P.  Den  Hartog,  McGraw  Hill  Book  Company,  New  York,  1934- 

6  by  9\i  inches.    Figs.,  tables.    i5.00.    Cloth. 

Reviewed  by  Professor  A.  R.  Roberts,  a.m.e.i.c* 

This  book  by  Professor  Den  Hartog  is  intended  to  provide  an 
introduction  to  the  subject  of  mechanical  vibrations  to  meet  the  needs 
of  students  and  practising  engineers.  It  is  assumed  that  the  reader  is 
familiar  with  the  mechanics  and  calculus  of  the  usual  engineering 
curriculum  but  a  previous  knowledge  of  differential  equations  is  not 
essential.  Equations  of  this  type,  when  they  occur,  are  discussed  at 
length  and  the  significance  of  the  terms  fully  explained. 

The  first  chapter  deals  with  the  kinematics  of  vibration  and  in- 
cludes representation  by  vectors  and  complex  numbers.  The  succeed- 
ing chapters  are  devoted  to  vibrating  systems  having  one,  two  or 
more  degrees  of  freedom,  multicylinder  engines,  rotating  machinery, 
self-excited  vibration  and  to  systems  having  non-linear  characteristics. 
The  concluding  section  contains  a  short  appendix  on  the  gyroscope,  a 
fairly  complete  bibliography  and  answers  to  problems. 

Numerous  e.xamples  are  worked  out  and  these,  together  with  the 
problems  set  at  the  end  of  each  chapter,  will  be  found  to  be  of  material 
assistance  to  the  student. 

Not  the  least  important  feature  of  the  book  is  the  introduction 
by  the  author  of  frequent  references  to  illustrative  examples  which, 
to  quote  but  a  few,  include  hydraulic  penstocks,  ship  stabilizers,  turbine 
discs,  wing  flutter,  floating  power,  galloping  transmission  lines,  gear 
noises,  oil  whip  in  bearings. 

As  an  authoritative  treatment  particularly  well  adapted  for  an 
introduction  this  volume  can  be  highly  recommended. 

'Professor  of  Mechanical  Engineering,  McGill  University,  Montreal. 

Handbook  of  Chemistry 

Compiled  and  edited  by  N.  A.  Lange,  Ph.D.,  Handbook  Publishers,  Inc., 

Sandusky,  Ohio,  1934.     BUbyS  inches,  1,545  pages,  tables,  etc. 

$6.00.     Fabrikoid. 

Reviewed  by  Dr.  S.  G.  Lipsett* 

Professor  Lange  has  produced  a  comprehensive  and  commendable 

handbook  for  chemists.    It  contains   1,513  pages  of  tables  and  data 

without  being  cumbersome.    In  a  book  of  this  nature  of  course  the 

value  lies  in  the  choice  of  the  contents.    It  would  be  impossible  to 

please  everyone  but  on  the  whole  this  should  be  a  handy  reference 

book,  both  to  the  works  chemist  and  to  the  research  worker. 
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The  tables  on  the  properties  of  inorganic  and  organic  compounds 
are  quite  complete.  There  are  tables  describing  the  properties  of 
natural  and  synthetic  resins,  alloys,  alkaloids,  oils,  fats,  waxes  and 
minerals.  Many  tables  are  devoted  to  the  solubility  of  compounds 
at  different  temperatures  and  the  specific  gravity  of  solutions  of  different 
concentrations. 

A  number  of  tables  include  information  of  particular  interest  to 
physical  chemists,  such  as  vapour  pressure,  surface  tension,  viscosity, 
thermochemical  data,  spectra,  etc. 

A  considerable  amount  of  miscellaneous  material  is  included  in 
this  handbook  which  will  be  found  useful  at  the  right  occasion.  For 
instance,  there  will  be  found  information  on  analjiiical  procedures, 
equivalents  of  volumetric  solutions,  materials  of  construction,  corrosion- 
resistant  materials,  composition  of  foods,  water  treatment,  ceramics, 
pipes  and  valves,  freezing  mixtures. 

There  is  a  considerable  section  devoted  to  mathematics  and 
mathematical  tables. 

The  basic  formulae  and  theorems  in  algebra,  geometry,  trigo- 
nometry and  calculus  are  listed  and  described.  Then  follow  tables  of 
logarithms,  trigonometric  functions,  powers,  roots,  reciprocals  and 
many  other  tables  of  purely  mathematic  interest. 

This  handbook  has  fulfilled  its  function  of  presenting  a  vast 
amount  of  information  in  a  small  volume  and  should  prove  a  valuable 
book  to  anyone  engaged  in  chemistry  or  allied  sciences. 

'Research  Chemist,  Donald-Hunt,  Limited,  Montreal. 

Undertakings  Without  Precedent 

Extracted  from  an  editorial  foreword  in  the  Engineering  News 
Record ioT  November  29th,  1934,  referring  to  a  series  of  articles  on 
a  group  of  federal  public  works  projects  now  under  construction. 

The  federal  government  at  the  present  time  is  engaged  in  the 
construction  of  a  group  of  great  projects  for  power  development,  flood 
control,  navigation  or  water  conservation,  projects  that  will  cost  in 
the  neighbourhood  of  $400,000,000  and  will  increase  the  nation's 
power-producing  capacity  by  one  million  horse  power.  In  the  north- 
west the  government  is  building  a  $63,000,000  dam  for  power  develop- 
ment on  the  Columbia  river  near  the  mouth  of  the  Grand  Coulee,  and 
at  Bonneville  on  the  same  river  it  is  building  a  combined  power  and 
navigation  dam  costing  $32,000,000.  In  Black  Canyon  on  the  Colorado 
the  government  is  building  Boulder  Dam,  the  greatest  concrete  dam 
ever  attempted  by  man.  At  Fort  Peck  on  the  upper  Missouri  river 
the  world's  largest  earth  dam,  estimated  to  cost  $84,000,000,  is  under 
construction  to  regulate  the  flow  of  the  Missouri  as  an  aid  to  navigation, 
and,  incidentally  to  produce  power  and  provide  water  for  a  limited 
amount  of  irrigation.  On  the  North  Platte  river  in  Wyoming  a  power 
and  storage  dam  is  to  be  built  at  Seminoe,  and  below  it  near  Casper, 
work  has  begun  on  a  diversion  dam  and  irrigation  project,  the  whole 
to  cost  $22,000,000.  And,  finally  in  the  southeast  there  is  under  con- 
struction Norris  dam  on  the  Clinch  river,  costing  $34,000,000;  on  the 
Tennessee  river  there  is  Joe  Wheeler  dam.  costing  $23,000,000;  and  as 


recently  announced,  Pickwick  Landing  dam  at  a  cost  of  $22,000,000, 
all  three  being  built  by  the  Tennessee  Valley  Authority  with  federal 
funds.  Except  for  Norris  dam  and  the  work  on  the  Colorado  river, 
this  work  is  all  being  carried  forward  without  specific  Congressional 
approval,  being  authorized  under  the  broad  powers  granted  the  Presi- 
dent under  the  Recovery  Act.  Further,  these  projects  are  outside  the 
normal  programme  of  river  control  and  land-reclamation  work  carried 
on  by  the  Corps  of  Engineers  and  the  Bureau  of  Reclamation,  work 
planned  far  in  advance  of  execution  and  undertaken  only  as  authorized 
by  Congress. 

This  is  an  unprecedented  situation.  For  those  who  would  look 
beyond  the  present  spectacular  construction  operations  to  enquire  into 
the  purpose  of  the  undertakings,  it  raises  questions  whose  answers 
either  never  have  been  given  or  have  been  obscured  by  other  matters. 
Why  were  the  projects  undertaken  ?  How  do  they  fit  into  plans  for 
the  orderly  development  of  the  river  system  on  which  they  are  located  ? 
How  are  they  related  to  the  economic  development  of  their  respective 
regions?  Are  they  economically  justified,  either  in  part  or  as  a  whole? 
Is  there  a  market  for  the  power  to  be  developed?  Are  the  power 
plants  logical  additions  to  the  power  systems  of  the  region  in  which 
they  are  located,  or  must  the  government  enter  into  direct  competition 
with  existing  electric  utilities  in  order  to  develop  a  market?  Will  the 
land  to  be  irrigated  ever  produce  a  return  on  the  investment  ? 

These  and  similar  other  questions  are  being  asked  by  engineers 
on  all  sides.  In  this  issue  an  attempt  is  made  to  answer  as  many  of 
them  as  possible  by  setting  forth  the  known  facts  upon  which  answers 
must  be  based. 

Aside  from  their  function  in  the  employment-for-recovery  cam- 
paign, these  projects,  other  than  those  on  the  Colorado  river,  are 
outstanding  physical  expressions  of  a  leading  New  Deal  characteristic 
— the  willingness  to  try  out  a  promising  or  attractive  idea  even  at 
stupendous  cost,  regardless  of  whether  it  meets  the  test  of  sound 
business  procedure.  It  is  what  the  President  has  often  described  as 
the  experimental  approach  to  the  solution  of  national  problems.  Only 
the  dire  national  emergency  justified  the  method,  of  course. 

With  the  exception  of  the  great  works  on  the  lower  Colorado  and 
part  of  the  construction  work  undertaken  by  the  Tennessee  Valley 
Authority,  the  projects  are  outgrowths  not  of  planning  and  economic 
determination  of  service  value,  but  of  the  dictatorship  vested  in  the 
President  by  the  emergency  laws  enacted  by  Congress  in  early  summer 
of  1933.  Social  objectives  and  the  desire  to  set  up  regulatory  public 
power  systems  evidently  were  the  motives  in  part.  Political  reasoning 
appears  to  have  entered,  at  least  to  some  extent.  For  example.  Grand 
Coulee  had  never  been  planned  as  a  government  power  enterprise, 
but  instead  had  been  conceived  as  part  of  a  huge  regional  development 
based  on  irrigation,  with  power  in  large  part  a  service  feature  for 
irrigation  pumping.  In  this  scheme,  the  dam  and  power  plant  were  to 
cost  nearly  $200,000,000;  and  the  whole  project,  because  of  its  vast 
size  in  both  money  and  other  elements,  was  regarded  as  being  far  in 
the  future.  But  local  political  demand  for  it  was  strong.  The  Ad- 
ministration, unwilling  to  allocate  to  the  state  of  Washington  so  large 
a  sum,  fixed  the  amount  at  $63,000,000  to  be  spent  for  a  power  enter- 
prise alone,  and  it  then  became  necessary  for  the  engineers  of  the 
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Map  showing  location  of  nine  dams  now  under  construction  by  the  Federal  Government. 
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Bureau  of  Reclamation  to  design  a  dam  and  power  plant  to  fit  this 
sum.  In  effect,  the  present  Grand  Coulee  represents  not  a  project 
that  was  worked  out  on  its  own  merits,  but  merely  $63,000,000  worth 
of  dam. 

And  while  even  this  minor  Grand  Coulee  dam  alone  could  supply 
all  of  the  unsatisfied  power  needs  of  the  northwest  states  for  many 
years,  Oregon  too  sought  something  for  itself.  Authorization  of  Bonne- 
ville resulted. 

*     *     *     «     « 

The  favourable  attitude  of  the  administration  toward  public  power 
development  also  had  an  important  bearing  on  the  financing  of  these 
projects.  President  Roosevelt  went  into  the  White  House  in  1983 
fresh  from  a  long  contest  with  the  electric  utility  interests  in  New  York 
State,  which  resulted  in  the  establishment  of  the  New  York  State 
Power  Authority,  created  expressly  to  undertake  development  of  the 
great  power  resources  of  the  international  section  of  the  St.  Lawrence 
river  as  a  means  of  checking  the  fiu-ther  exploitation  of  the  state's 
power  resources  for  private  profit.  In  Washington  he  found  the  federal 
government  already  committed  to  a  large  power-generation  programme 
in  the  southwest  at  Boulder  dam,  and  with  a  white  elephant  on  its 
hands  in  the  southeast  in  the  shape  of  the  power  plant  at  Muscle 
Shoals.  Through  the  establishment  of  the  Tennessee  Valley  Authority 
to  take  over  the  latter  plant  and  supplement  it  with  other  plants,  the 
President  saw  that  it  would  be  possible  to  dominate  the  power  market 
in  the  southeast.  Thus  there  was  soon  to  be  at  hand  what  he  termed  a 
"power  yardstick"  both  in  the  southwest  and  southeast.  To  round 
out  control  of  the  country,  similar  domination  was  needed  in  the 
northwest  and  the  northeast.  The  St.  Lawrence  ultimately,  the 
President  believes,  will  provide  a  yardstick  in  the  latter  region;  there 
remained  still  the  northwest  to  be  provided  for.  Bonneville  and  Grand 
Coulee  provide  that  yardstick.  The  Bonneville  project  in  theory  is  a 
navigation  aid  but  it  will  produce  a  large  amount  of  power.  The 
Grand  Coulee  dam  as  now  being  built  has  power  generation  as  its  only 
objective. 

This  is  the  background  against  which  the  several  projects  dis- 
cussed must  be  viewed.  From  a  survey  of  the  factors  affecting  the 
projects  i1  will  be  seen  that  no  one  of  them  is  so  sound  financially  as  to 
make  it  an  attractive  undertaking.  But  in  an  emergency  like  the 
present  one  the  government  is  justified  in  looking  beyond  the  immediate 
direct  retiu-n  to  see  whether  an  undertaking  is  sufficiently  desirable  as 
a  national  asset  to  warrant  its  construction. 

Thus  it  is  difficult  to  formulate  a  binding  rule  as  to  whether  or 
not  the  federal  government  is  justified  in  putting  up  the  money  to 
pay  the  cost  of  the  projects  reviewed  in  this  issue.  It  should,  however, 
be  possible  to  state  a  general  rule  that  no  great  power  development 
should  be  undertaken  without  first  having  reasonable  assurance  that 
the  power  can  be  marketed  in  reasonable  time  without  entering  into 
destructive  competition  with  existing  plants.  Were  this  rule  applied, 
it  is  evident  that  some  of  the  projects  considered  in  this  issue  would 
not  be  undertaken. 

Hydro-Electric  Progress  in  Canada  during  1934 

The  Dominion  Water  Power  and  Hydrometric  Bureau  of  the 
Department  of  the  Interior  of  Canada  has  issued  Bulletin  No.  1784, 
the  annual  review  of  hydro-electric  and  water  power  development 
throughout  the  Dominion  during  the  year  1934,  which  gives  a  brief 
description  of  those  undertakings  which  were  begun  or  which  reached 
the  developed  stage  during  that  period  and  of  extensions  and  replace- 
ments in  existing  plants. 

This  review  discloses  that  during  1934  no  new  large  water  power 
undertakings  were  begun.  Work  was  continued,  however,  on  several 
developments  already  under  construction  and  as  a  result  net  new  in- 
stallations aggregating  214,965  horse  power  were  brought  into  operation 
during  the  year.  This  brings  the  total  installation  for  the  Dominion 
at  the  end  of  1934  to  7,547,035  horse  power.  The  recovery  in  power 
demand  which  was  evident  in  1933  gained  momentum  in  1934,  and  it 
is  now  evident  from  the  monthly  figures  published  by  the  Dominion 
Bureau  of  Statistics  that  the  total  output  for  1934  will  not  only  greatly 
exceed  that  of  the  previous  year,  but  will  establish  a  new  high  record. 
It  is  of  special  interest  to  note  that  this  expansion  of  output  is  princi- 
pally due  to  increased  domestic,  commercial  and  industrial  demand, 
and  not  to  increased  export  or  secondary  uses.  The  gain  in  output  has 
been  general  but  is  most  pronounced  in  the  province  of  Quebec. 

Copies  of  this  bulletin  may  be  obtained  free  of  charge  on  applica- 
tion to  the  Director  of  the  Dominion  Water  Power  and  Hydrometric 
Bureau,  Ottawa,  Ont. 

Canadian  Electrical  Code 

The  Canadian  Electrical  Code,  Part  I,  3rd  edition,  has  just  been 
issued  by  the  Canadian  Engineering  Standards  Association.  This 
succeeds  the  edition  published  in  January  1930,  and  it  is  believed  that 
it  is  now  in  accordance  with  up-to-date  Canadian  practice. 

This  Code  has  now  been  adopted  by  the  nine  provinces  of  Canada 
and  in  some  provinces  special  provincial  editions  have  been  issued 
which  consist  of  a  special  cover  or  an  insert  referring  to  legal  regulations. 

Copies  of  this  publication  may  be  obtained  on  application  to  the 
Secretary,  Canadian  Engineering  Standards  Association,  National 
Research  Building,  Ottawa,  the  price  being  25  cents  per  copy. 


BRANCH  NEWS 

Calgary  Branch 

J.  Dow,  M.E.I.C.,  Secretary-Treasurer. 

H.  W.  Tooker,  A.M.E.I.C.,  Branch  News  Editor. 

Commercial  Aviation 

A  short  address  on  Commercial  Aviation  presented  by  A.  Griffin, 
M.E.I. c,  chief  engineer,  Department  of  Natural  Resources,  C.P.R., 
and  six  most  interesting  reels  of  motion  pictures  dealing  with  Aviation, 
Steel  Making  and  Ship-building,  made  up  a  programme  given  at  a 
meeting  of  the  Calgary  Branch  held  on  Thursday  evening,  December 
13th,  1934,  at  which  over  sixty  members  of  the  Branch  and  their 
friends  were  present. 

Scheduled  commercial  transport,  or  more  particularly,  the  United 
Air  Lines,  operate  ships  (as  they  are  now  termed)  from  New  York  to 
San  Francisco,  Vancouver  to  San  Diego  and  branch  lines  from  Chicago 
to  Kansas  City  and  from  Salt  City  to  Spokane,  Portland  and  Seattle, 
and  also  have  inter-connections  with  various  other  air  transport  com- 
panies and  with  various  railways. 

It  is  of  significance,  the  speaker  said,  that  the  early  experimental 
stages  were  passed  some  years  ago,  since  which  scheduled  service  has 
been  maintained  with  astonishing  regularity  in  all  but  the  worst  weather 
and  with  a  remarkable  record  of  safety. 

In  describing  the  type  of  plane  (Model  247)  in  use  by  the  United 
Air  Lines,  the  speaker  pointed  out  that  they  had  fifty  in  service  carry- 
ing a  crew  of  three,  pilot,  co-pilot  and  stewardess,  and  powered  with 
two  Pratt  and  Whitney  engines,  air  cooled  and  mounted  in  the  wings, 
and  supercharged  to  develop  550  h.p.  at  5,000  feet  elevation.  The 
plane  is  complete  in  all  necessary  facilities  and  when  fully  loaded  carries 
ten  passengers  at  170  pounds  each,  plus  30  pounds  of  baggage  per 
passenger,  plus  747  pounds  of  cargo  (mail  and  express).  It  has  a 
cruising  speed  of  165  miles  per  hour  and  maintains  an  average  speed  of 
150  miles  per  hour  from  San  Francisco  to  New  York.  Gasoline  con- 
sumption is  at  an  average  rate  of  one  U.S.  gallon  per  minute  and  costs 
about  60  cents  per  mile  to  operate.  Engines  are  overhauled  twice  in 
sixteen  hundred  hours  and  at  twenty-five  hundred  hours  they  are 
turned  in  for  new  ones,  which  may  appear  to  be  a  short  period  but  if 
put  into  miles  it  is  more  imposing  at  130,000  miles  between  overhauls 
and  a  life  of  nearly  500,000  miles. 

United  Air  Line  planes,  the  speaker  said,  are  equipped  with  a 
bewildering  number  and  variety  of  instruments  and  controls,  such  as 
radio  and  a  50-watt  crystal  controlled  telephone  transmitter,  and  all 
useful  aids  to  navigation. 

When  weather  conditions  require  it,  the  pilot  can  follow  the 
radio  beam  to  the  airport  in  almost  any  weather.  This  beam,  the 
speaker  understood,  spreads  about  one  mile  in  twenty  each  side  of  the 
course,  and  from  it  the  pilot  knows  whether  he  is  on  his  course  or  to 
one  side. 

While  every  effort  is  made  to  maintain  fixed  flying  schedules,  and 
this  with  a  large  measure  of  success,  safety  is  a  primary  consideration. 
Passengers  and  sometimes  mail  and  express  are  forwarded  by  train  as 
required  over  those  portions  of  the  route  where  flying  conditions  are 
not  safe. 

Following  Mr.  Griffin's  address  the  six  reels  of  motion  pictures 
were  shown  as  follows :  Steel  Making,  Aviation  and  Construction  and 
Trials  of  the  P.  and  O.  steamers  Strathaird  and  Strathnaver. 

A  very  hearty  vote  of  thanks  was  given  the  speaker  and  to  those 
responsible  for  procuring  the  motion  pictures,  by  J.  Hadden,  m.e.i.c. 

The  meeting  adjourned  at  10.15  p.m. 

Tuesday,  January  8th,  1935,  was  the  occasion  of  a  joint  luncheon 
meeting  of  the  Canadian  and  Rotary  Clubs  and  the  Calgary  Branch 
of  The  Institute,  held  at  the  Palliser  hotel.  The  subject  of  the  address 
was  "The  Drought  Situation  in  the  Prairie  Provinces"  and  the  speaker 
was  Mr.  W.  L.  McTavish,  editor  of  the  Winnipeg  Tribime. 

The  speaker  said  that  large  sections  of  fertile  western  farm  lands 
had  in  the  course  of  years  been  reduced  to  actual  desert,  and  twenty 
million  acres  of  the  world's  finest  hard  wheat  land  had  been  left  to  the 
depredation  of  sow  thistle,  and  as  a  playgroimd  for  gophers.  Drought, 
recurring  more  frequently  and  with  greater  severity,  teaming  up  with 
wind  and  soil  drift,  had  caused  irreparable  damage. 

The  speaker  was  introduced  by  Dr.  J.  M.  McCaffery,  president 
of  the  Canadian  Club,  and  a  vote  of  thanks  was  tendered  by  G.  P.  F. 
Boese,  a. m.e.i.c,  chairman  of  the  local  Branch  of  The  Engineering 
Institute  of  Canada. 

Halifax  Branch 

R.  R.  Murray,  A. M.E.I.C,  Secretary-Treasurer. 
C.  Scrymgeour,  A. M.E.I.C,  Branch  News  Editor. 

President's  Address 

During  the  month  of  December  the  Halifax  Branch  of  The  En- 
gineering Institute  of  Canada  held  three  meetings,  the  first  on  December 
6th,  this  being  the  regular  supper  meeting  held  at  the  Halifax  hotel 
with  forty-five  members  present  and  under  the  chairmanship  of  R.  L. 
Dunsmore,  a. m.e.i.c,  the  guest  for  the  evening  being  F.  P.  Shearwocd, 
M.E.I.C,  President  of  The  Engineering  Institute  of  Canada,  who 
delivered  a  splendid  address  on  Institute  affairs,  after  which  the  meet- 
ing was  thrown  open  to  discussion  and  a  large  number  of  the  members 
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took  part  in  a  free  expression  of  opinion  on  the  affairs  of  The  Institute 
relative  to  the  present,  past  and  future. 

Bridge  Construction 

On  December  7th  a  meeting  was  also  held  at  the  Nova  Scotia 
Technical  College  at  which  the  engineering  students  of  the  College 
and  members  of  The  Engineering  Institute  of  Canada,  totalling  some 
two  hundred  or  more,  heard  a  particularly  fine  address  by  President 
Shearwood  on  "Bridge  Construction."  This  meeting  was  under  the 
direction  of  Professor  Faulkner  who,  on  behalf  of  the  local  Branch, 
expressed  to  Mr.  Shearwood  the  great  pleasure  the  Halifax  members 
had  had  by  his  visit  and  by  the  addresses  he  had  given  during  the 
two  evenings  he  was  their  guest  in  the  city  of  Halifax. 

Annual  Meeting 

The  annual  meeting  of  the  Halifax  Branch  was  held  in  the  Halifax 
hotel  on  December  20th  at  which  the  guest  speaker  was  Squadron 
Leader  Edwards,  R.C.A.F.,  who  spoke  on  the  development  of  airways, 
aircraft  and  the  Air  Force  in  general  since  its  inception  in  Canada, 
and  also  spoke  on  the  development  of  Unemployment  Relief  Camps 
outlining  their  objects  and  achievements,  the  address  being  followed 
by  a  series  of  lantern  slides.  Following  this  address  the  annual  business 
was  enacted  which  included  the  reading  of  the  reports  of  the  various  1934 
committees  including  the  financial  statement  which  showed  a  very 
creditable  balance  on  hand. 

In  congratulating  the  new  Council  and  introducing  the  new 
chairman,  Howard  Fellows,  a.m.e.i.c,  to  the  members,  the  retiring 
chairman,  R.  L.  Dunsmore,  a.m.e.i.c,  expressed  his  appreciation  of 
the  fine  support  that  the  members  of  the  Halifax  Branch  had  given 
him  during  his  year  of  office. 

Hamilton  Branch 

A.  Love,  M.E.I.C.,  Secretary-Treasurer. 
V.  S.  Thompson,  A.M.E.I.C,  Branch  News  Editor. 

The  Annual  Meeting  of  the  Branch  took  the  form  of  a  dinner 
and  smoker,  and  was  held  in  the  Wentworth  Arms  hotel  on  Tuesday, 
January  8th,  1935. 

At  the  head  table  were  H.  B.  Stuart,  a.m.e.i.c,  chairman  of  the 
Branch,  W.  Hollingworth,  m.ei.c,  chairman  elect,  E.  G.  Cameron, 
a.m.e.i.c,  vice-president  of  The  Institute,  F.  W.  Paulin,  m.e.i.c. 
Councillor,  E.  E.  Kent,  representing  the  Hamilton  Construction 
Association  and  several  past  chairmen  of  the  Branch. 

After  the  loyal  toast  had  been  honoured,  Mr.  Stuart  expressed 
his  pleasure  at  seeing  such  a  representative  gathering  and  welcomed 
specially  the  out  of  town  guests.  The  Branch  Secretary  read  the 
annual  report  which  showed  that  the  meetings  of  the  year  had  been 
well  attended,  they  presented  subjects  of  wide  variety  and  general 
appeal,  and  the  place  of  meetings — McMaster  University — was  a  home 
from  home.  There  was  a  matter  of  a  slight  operating  deficit  for  the 
year,  the  amount  being  $4.80,  but  nobody  took  it  very  seriously,  and 
figured  the  money  had  been  well  spent. 

Vice-President  Cameron  gave  a  short  talk  on  Institute  affairs. 
He  spoke  of  the  virility  of  the  Branches,  which  really  became  the 
virility  of  The  Institute.  He  told  of  the  experiment  which  the  Winnipeg 
Branch  hoped  to  make  by  having  the  same  personnel  on  the  Executives 
of  the  Branch  and  the  Professional  Association.  He  touched  briefly 
on  the  finances  of  The  Institute,  told  of  increasing  revenue  from  fees 
which  reflected  improved  condition  of  the  engineer  and  his  loyalty  to 
The  Institute  in  immediately  making  up  arrears. 

Councillor  Paulin,  who  followed,  told  of  the  splendid  work  done 
by  the  President,  Mr.  Shearwood,  and  of  the  pleasure  it  had  been 
to  serve  on  the  Council  under  him.  Mr.  Paulin  thanked  the  retiring 
Executive  for  their  loyalty  and  co-operation  at  all  times. 

E.  H.  Darling,  m.e.i.c,  past  chairman  of  the  Branch,  who  is  the 
representative  on  the  committee  revising  the  city  of  Hamilton  building 
by-laws,  then  gave  a  short  talk.  He  explained  the  immensity  of  the 
task  in  getting  up  a  set  of  by-laws,  even  when  a  model  by-law  drafted 
by  the  fire  underwriters  had  been  used  to  start  with.  Starting  with 
this  they  had  chopped  and  changed,  so  as  to  suit  this  department  or 
that  board,  or  some  government  edict  as  the  case  might  be.  It  was 
not  surprising  therefore  to  learn  that  they  were  now  at  the  third  draft 
and  it  would  probably  all  be  rewritten  before  finally  accepted  by  the 
city  council. 

On  the  motion  of  J.  B.  Carswell,  m.e.i.c,  the  thanks  of  the  Branch 
were  tendered  to  Mr.  Darling  who,  with  H.  S.  Phillips,  m.e.i.c,  has 
worked  assiduously  on  the  revision  of  these  by-laws. 

The  names  of  the  new  executive  were  then  announced  and  Mr. 
Stuart  asked  Mr.  Hollingworth,  the  new  chairman,  to  take  charge 
of  the  meeting,  wishing  him  every  success  in  his  year  of  office. 

After  a  few  words  of  thanks  and  an  appeal  for  the  same  support 
as  his  predecessor  had  been  shown  by  the  members  of  the  Branch, 
Mr.  Hollingworth  introduced  Mr.  E.  E.  Kent,  who  brought  felicitations 
from  the  Hamilton  Construction  Association  and  wished  the  Branch 
every  success. 

C  G.  Moon,  A.M.E.I.C,  of  the  Niagara  Peninsula  Branch,  spoke 
briefly  and  mentioned  the  possibility  of  a  joint  meeting  and  later  on 
a  trip  along  the  Welland  Canal,  with  the  Niagara  Peninsula  Branch. 


A  number  of  the  past  chairmen  of  the  Branch  were  then  heard 
from:  R.  K.  Palmer,  m.e.i.c,  E.  P.  Muntz,  m.e.i.c,  and  H.  A.  Lumsden, 

M.E.I.C. 

W.  J.  W.  Reid,  a.m.e.i.c,  chairman  of  the  Meetings  and  Papers 
committee,  gave  a  orief  outline  of  the  papers  he  had  lined  up  for  the 
ensuing  five  months,  the  subjects  including  illumination,  gold  mining, 
Diesel  engines,  material  handling  and  possibly  welding. 

Kingston  Branch 

L.  F.  Grant,  M.E.I.C,  Secretary-Treasurer. 


pleasure,  on  January 
Shearwood,  m.e.i.c. 


The  members  of  the  Kingston  Branch  had  the 
16th,  1935,  of  entertaining  at  dinner  Mr.  F.  P.  i 
President  of  The  Institute. 

The  attendance  was  the  largest  for  some  time,  the  members  being 
most  anxious  to  do  honour  to  the  distinguished  guest,  and  also  to 
hear  the  two  discussions  which  he  later  gave,  one  on  Institute  affairs 
and  one  on  Bridge  Erection. 

Mr.  Shearwood  gave  a  very  complete,  though  brief,  resume  of  the 
affairs  of  The  Institute  from  coast  to  coast,  of  its  relations  with  the 
various  Provincial  Associations,  and  outlined  several  suggestions  for 
the  future  policy  of  the  profession.  At  the  conclusion  he  was  called 
upon  to  answer  a  number  of  questions,  and  several  members  took  part 
in  the  discussion.  Those  present  were  very  glad  to  have  the  opportunity 
of  hearing  something  of  their  engineering  brethren  throughout  Canada, 
of  whom  they  would  like  to  see  much  more  than  they  do. 

In  Mr.  Shearwood's  talk  on  "Bridge  Erection"  he  showed  a  large 
number  of  interesting  slides  of  outstanding  bridge  work,  and  explained 
some  of  the  difficulties  encountered,  and  the  ingenious  and  frequently 
daring  means  by  which  they  were  overcome.  He  left  his  audience 
with  a  very  high  impression  of  the  skill  of  the  engineers  and  their 
subordinates  who  are  engaged  in  this  branch  of  the  profession. 

In  thanking  Mr.  Shearwood  for  his  address,  the  Branch  chairman, 
WiUiam  Casey,  m.e.i.c,  expressed  the  pleasure  which  the  Kingston 
Branch  took  in  meeting  the  President,  and  in  hearing  an  address  which 
he  was  so  well  qualified  to  give. 

Two  new  members  of  the  Branch,  H.  V.  Ellegett,  s.e.i.c,  and 
J.  M.  Silliman,  a.m.e.i.c,  were  introduced  to  the  members  at  the 
meeting. 

London  Branch 

H.  A.  McKay,  A.M.E.I.C,  Secretary-Treasurer. 
Jno.  R.  Rostron,  A.M.E.I.C,  Branch  News  Editor. 

No  Branch  meeting  was  held  in  December  in  view  of  the  fact  that 
it  was  proposed  to  hold  a  meeting  on  January  4th,  1935,  for  the  purpose 
of  showing  the  Vickers-Armstrong  films  which  have  been  going  the 
round  of  all  the  Branches  of  the  E.I.C.  This  date  being  the  earliest 
available  for  this  purpose. 

As  these  films  are  of  interest  to  the  general  public  as  well  as  en- 
gineers, it  was  decided  to  advertise  the  exhibition  in  the  press  and  to 
engage  the  auditorium  of  the  Technical  School.  This  was  done  with 
very  gratifying  success,  about  nine  hundred  persons  being  present. 

Frank  Ball,  a.m.e.i.c,  took  the  chair  and  described  the  various 
films  to  be  exhibited.  The  writer  does  not  propose  to  give  a  description 
of  them  for,  presumably,  the  whole  of  the  members  of  The  Engineering 
Institute  of  Canada  will  have  had  the  opportunity  of  seeing  them. 

Mr.  Ball  called  for  a  vote  of  thanks  to  the  Vickers-Armstrong  firm 
for  their  generosity  in  supplying  the  films,  to  Mr.  Simpson,  head 
teacher  of  the  electrical  department  of  the  Technical  School,  who 
operated  the  lantern,  and  to  Col.  Murray  Dillon  and  his  Vimy  Orchestra 
who  supplied  the  music  during  the  interludes.  These  were  received 
and  passed  with  much  applause. 

Ottawa  Branch 

F.  C  C  Lynch,  A.M.E.I.C,  Secretary-Treasurer. 
Refractories  in  Industry 

The  Ottawa  Branch  at  its  luncheon  meeting  on  Thursday,  Decem- 
ber 6th,  1934,  was  addressed  by  F.  E.  Lathe,  of  the  National  Research 
Council,  who  spoke  on  "Refractories  in  Industry." 

Alan  K.  Hay,  a.m.e.i.c,  chairman  of  the  Ottawa  Branch,  presided, 
and  in  addition  head  table  guests  included:  Dr.  Charles  Camsell, 
M.E.I.C,  J.  McLeish,  m.e.i.c,  Group  Captain  E.  W.  Stedman,  m.e.i.c, 
Gordon  Gale,  m.e.i.c,  Dr.  G.  S.  Whitby,  H.  Frechette,  G.  D.  Mallory, 
Dr.  C.  W.  Drury,  S.  F.  ICirkpatrick,  S.  P.  Eagleson,  and  C.  McL. 

Pitts,   A.M.E.I.C 

In  introducing  the  subject,  Mr.  Lathe  emphasized  the  fundamental 
role  played  by  metals  in  the  history  of  civilization,  particularly  in  the  last 
one  hundred  years,  and  pointed  out  that  metallurgy  is  wholly  dependent 
upon  refractories.  Dividing  the  history  of  the  race  into  three  periods, 
he  showed  that  during  the  first  or  pre-industrial  period,  extending  from 
the  earliest  production  of  brick  and  pottery  to  the  15th  century,  it  had 
been  impossible  to  obtain  temperatures  above  1,100  degrees  C.  and 
demands  upon  refractories  had  therefore  not  been  great. 

The  second  period  began  with  the  production  of  cast  iron  in  blast 
furnaces  in  Germany  and  extended  to  the  middle  of  the  19th  century. 
While  cast  iron  gave  an  enormous  impetus  to  industry  and  armament 
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manufacture,  fireclay  and  silica  refractories  were  still  ample  for  the 
demands  made  upon  them. 

The  third  period  was  ushered  in  by  Bessemer's  remarkable  dis- 
covery of  a  cheap  method  of  jiroducing  wrought  iron  and  steel.  This 
discovery  was  followed  within  twenty-five  years  by  the  development  of 
the  open-hearth  steel  furnace  and  the  adoption  of  basic  refractory 
linings  in  order  to  permit  the  elimination  of  phosphorous.  This  led  to 
the  use  of  several  new  refractories,  including  dolomite,  Austrian  magne- 
site,  and  the  neutral  refractory,  chromite.  Recently  Canada  has  been 
coming  to  the  front  with  the  production  of  special  basic  refractories 
which  are  finding  a  wide  market  in  this  field. 

The  adoption  of  basic  linings  for  copper  converters  was  cited  as  an 
example  of  a  change  in  refractories  bringing  about  a  radical  reduction 
in  the  cost  of  a  metalku-gical  operation.  A  still  more  recent  develop- 
ment is  the  use  of  suspended  arches  for  copper  reverberatory  furnaces, 
permitting  the  use  of  basic  brick  roofs  and  wider  furnaces  and  resulting 
in  a  greatly  increased  tonnage  per  furnace.  Basic  bottoms  for  copper 
anode  furnaces  also  represent  an  important  improvement. 

Mr.  Lathe  outlined  the  major  applications  of  each  of  the  chief 
refractories  and  expressed  the  opinion  that  new  refractories  must  soon 
be  developed  to  meet  the  demand  for  higher  operating  temperatures  in 
metallurgy,  and  referred  to  the  successful  research  being  carried  out 
by  the  National  Research  Council  in  co-operation  with  Canadian 
Refractories,  Limited,  and  the  Department  of  Mines. 

At  the  noon  luncheon  on  December  20th,  1934,  T.  A.  McElhanney, 
M.E.I. c,  Director  of  the  Forest  Products  Laboratories  of  Canada, 
Department  of  the  Interior,  spoke  upon  "Engineering  and  Economic 
Aspects  of  Forest  Products  Industries."  Alan  K.  Hay,  a.m.e.i.c, 
chairman,  presided  and  head  table  guests  in  addition  included:  Hon. 
T.  G.  Murphy,  Minister  of  the  Interior;  J.  B.  Hunter,  Deputy  Minister 
of  Public  Works;  Dr.  Charles  Camsell,  m.e.i.c.  Deputy  Minister  of 
Mines;  Dr.  H.  M.  Tory,  President  of  the  National  Research  Council; 
C.  P.  Mahoney,  President  of  Ontario  Retail  Lumbermen's  Association; 
R.  A.  Gibson,  Assistant  Deputy  Minister  of  the  Interior;  R.  L.  Sargent, 
Secretary  of  Canadian  Lumbermen's  Association;  Group-Captain  E.  W. 
Stedman,  m.e.i.c,  past  chairman  of  the  Ottawa  Branch;  C.  Jackson 
Booth,  of  the  Booth  Lumber  Company;  B.  Stuart  McKenzie,  m.e.i.c. 
Secretary  of  the  Canadian  Engineering  Standards  Association;  and 
E.  H.  Finlayson,  m.e.i.c,  Director  of  the  Dominion  Forest  Service. 

Engineering  and  Economic  Aspects  of  Forest  Products 
Industries 

Pulp  and  paper  manufacture  is  Canada's  largest  industry,  stated 
Mr.  McElhanney,  with  the  lumber  industry,  when  lumber  conversion 
plants  are  included,  ranking  second.  Total  capital  invested  in  the 
wood  and  paper  group  of  industries  is  nearly  one  and  one-half  million 
dollars. 

The  forest  products  industries  roughly  may  be  divided  into  logging 
operations,  sawmill  operations,  wood  conversion  plants,  and  pulp  and 
paper  mills. 

As  a  structural  material  the  speaker  stated  that  wood  is  encounter- 
ing increasing  competition  from  other  materials.  This  competition  has 
introduced  many  technical  problems  into  the  industries,  which  have 
been  further  accentuated  by  the  development  of  foreign  markets  and 
competition  with  foreign  timbers.  For  this  reason,  about  twenty  years 
ago  the  Forest  Products  Laboratories  were  established  in  Canada. 
Three  of  these  now  operate :  the  main  laboratories  in  Ottawa,  a  branch 
laboratory  in  Vancouver,  and  the  pulp  and  paper  laboratory  in  Mont- 
real. 

Considerable  difficulty  has  been  encountered  by  engineers  and 
architects  in  specifying  timber  for  structural  purposes  on  account  of 
the  lack  of  standard  structural  grades  for  all  Canadian  species.  The 
Toronto  Building  Code  Committee,  who  are  getting  out  a  new  building 
code,  have  been  paying  particular  attention  to  this  in  co-operation 
with  lumber  associations  and  the  Forest  Products  Laboratories. 

About  $40,000,000  worth  of  wood  is  used  for  fuel  each  year  in 
Canada.  On  the  Pacific  Coast  a  special  type  of  burner  has  been 
developed  for  the  utilization,  for  this  purpose,  of  sawdust  from  sawmill 
operations.  A  market  has  thereby  been  developed  in  that  area  for  saw- 
dust which  has  yielded  a  return  to  the  mills  of  about  a  quarter  million 
dollars  per  year. 

Losses  through  seasoning  of  lumber  in  Canada  amount  to  about 
7  per  cent  of  the  value  of  all  the  lumber  produced,  which  in  the  total 
is  upwards  of  .^10,000,000  per  year.  In  order  to  curtail  this  loss  and 
at  the  same  time  provide  to  the  various  lumber  markets  served  by 
Canadian  timber,  a  product  suitable  for  their  immediate  purpose,  it 
has  been  necessary  for  Canada  to  pay  increasing  attention  to  the 
methods  of  seasoning  lumber. 

With  particular  reference  to  the  pulp  and  paper  field,  competition 
is  increasing  and  the  industry  is  dependent  on  research  to  keep  its  costs 
down  and  its  quality  up  and  the  pulp  and  paper  industry  co-operates 
in  the  work  of  the  Forest  Products  Laboratories. 

Luncheon  to  the  Hon.  Grote  Stirling,  m.e.i.c 
At  the  most  largely  attended  luncheon  so  far  of  the  season,  honour 
was  done  at  a  noon  luncheon,  Thursday,  January  10th,  1935,  by  The 
Engineering  Institute  of  Canada  to  the  Honourable  Grote  Stirling, 
M.E.I.C,  in  recognition  of  his  elevation  to  the  portfolios  of  National 
Defence  and  of  Fisheries.  Alan  K.  Hay,  a.m.e.i.c,  chairman  of  the 
local  Branch,  who  presided  at  the  luncheon,  in  introducing  the  Honour- 


able Mr.  Stirling,  stated  that  it  was  the  first  time  that  a  member  of 
The  Institute  had  become  a  member  of  the  federal  cabinet  in  Canada. 

The  Right  Honourable  R.  B.  Bennett,  prime  minister  of  Canada; 
the  Hon.  H.  A.  Stewart,  minister  of  Public  Works;  the  Hon.  R.  J. 
Manion,  minister  of  Railways;  the  Hon.  Alfred  Duranleau,  minister 
of  Marine;  and  the  Hon.  T.  G.  Murphy,  minister  of  the  Interior, 
fellow  members  of  the  Cabinet,  were  head  table  guests.  In  addition, 
F.  P.  Shearwood,  m.e.i.c,  of  Montreal,  president  of  The  Engineering 
Institute  of  Canada,  and  Fred  Newell,  m.e.i.c,  councillor  for  Montreal, 
attended  to  represent  The  Institute  at  large  and  the  Montreal  Branch; 
and  other  head  table  guests  included:  Dr.  Charles  Camsell,  m.e.i.c. 
Deputy  Minister  of  Mines  and  past  president  of  The  Institute;  G.  J. 
Desbarats,  m.e.i.c,  and  C.  M.  Pitts,  a.m.e.i.c,  councillors  for  Ottawa 
of  The  Institute;  Group  Captain  E.  W.  Stedman,  m.e.i.c,  past  chair- 
man. Col.  L.  R.  LaFleche,  deputy  minister  of  National  Defence;  and 
Commander  C.  P.  Edwards,  a.m.e.i.c,  past  councillor  for  Ottawa  for 
The  Institute. 

The  Honourable  Mr.  Stirling,  after  his  introduction  by  the  chair- 
man, gave  a  short  address  in  which  he  traced  down  to  the  present 
the  trend  of  engineering  practice  from  the  days  when  civil  engineering 
as  distinct  from  military  engineering  began  to  receive  public  recognition 
in  Great  Britain.  He  stated  that  the  engineer  had  been  characterized 
as  a  man  who  ought  to  be  able  to  tackle  anything  and  was  of  the  opinion 
that  his  services  were  equally  important  to  those  of  the  man  who 
caused  two  blades  of  grass  to  grow  where  only  one  had  grown  before. 

In  his  own  two  departments  there  was  plenty  of  scope  for  the 
engineers'  attainments.  He  briefly  sketched  some  of  the  work  which 
they  were  called  upon  to  do.  He  paid  tribute  to  The  Engineering 
Institute  of  Canada  as  an  organization  through  which  the  engineer 
could  keep  abreast  of  the  times  in  his  own  profession,  and  reminded 
his  hearers  that  they  might  quite  well  exert  a  greater  influence  in  the 
community  than  they  do. 

G.  J.  Desbarats,  m.e.i.c,  expressed  the  pleasure  of  the  Branch  in 
welcoming  a  fellow-engineer  and  congratulated  him  on  his  high  honour. 
He  briefly  sketched  the  career  of  the  Hon.  Mr.  Stirling,  indicating  the 
very  important  engineering  work  for  which  he  was  chiefly  responsible 
a  few  years  ago  in  connection  with  the  irrigation  of  the  Okanagan 
valley  of  British  Columbia. 

F.  P.  Shearwood,  m.e.i.c,  president  of  The  Institute,  also  extended 
congratulations  on  behalf  of  The  Institute  as  a  whole.  He  stated  that 
he  felt  that  the  training  of  the  engineer  should  be  of  inestimable  value 
in  helping  to  solve  some  of  the  problems  affecting  the  social  and  economic 
life  of  the  world  today.  The  engineer  was  able  to  accomplish  much  in 
the  way  of  labour  saving  devices;  he  should  be  able  to  help  in  solving 
some  of  the  problems  created  by  them. 

Quebec  Branch 

Jules  Joyal,  Secretary-Treasurer. 

La  Section  de  Quebec  a  tenu  son  premier  d^jeuner-causerie  de 
I'annee  1935  au  Chateau  Frontenac  le  14  Janvier;  I'invite  d'honneur 
6tait  M.  E.  D.  Gray-Donald,  m.s.,  a.m.e.i.c,  surintendant  de  la  Divi- 
sion du  Pouvoir  pour  la  Quebec  Power  Company,  qui  nous  fit  une  tres 
instructive  conference  intitulee  "Some  Considerations  Governing  the 
Undertaking  of  Hydro-Electric  Power  Developments." 

M.  Hector  Cimon,  m.e.i.c,  president  de  la  Section,  pr^senta  le 
conferencier  h  I'auditoire  et  M.  A.  A.  MacDiarmid,  m.e.i.c,  lui  proposa 
un  vote  de  remerciements  que  I'assistance  seconda  par  de  longs  et 
vigoureux  applaudissements. 

Nous  publierons  plus  tard  un  extrait  de  cette  conference. 

Saskatchewan  Branch 

S.  Young,  A.M.E.I.C,  Secretary-Treasurer. 

The  regular  monthly  meeting  of  the  Saskatchewan  Branch,  Engi- 
neering Institute  of  Canada,  was  held  in  the  dining  room.  Parliament 
Buildings,  Regina,  on  Friday  evening,  December  21st,  1934,  at  7.45 
p.m.,  being  preceded  by  a  dinner.  A.  P.  Linton,  a.m.e.i.c,  occupied 
the  chair. 

P.  C.  Perry,  a.m.e.i.c,  was  duly  nominated  and  elected  as  Branch 
representative  on  The  Institute  Nominating  Committee. 

The  chairman  then  introduced  the  speaker  of  the  evening,  M.  J. 
Coldwell,  leader  of  the  C.C.F.  in  Saskatchewan,  the  subject  of  his 
address  being  "The  World  Outlook  for  1935." 

The  World  Outlook  for  1935 

Mr.  Coldwell  stated  that  travellers  returning  from  abroad,  par- 
ticularly Europe,  bring  with  them  a  feeling  that  in  the  near  future  we 
will  have  either  military  warfare  or  social  revolution.  Consequently  he 
looked  forward  to  the  year  1935  with  doubt  and  misgiving. 

Two  years  ago  the  Ball  report  emanating  from  a  conference  held 
in  Switzerland  forecast  economic  doubt.  Immediately  following  this 
report  there  was  the  economic  conference  in  Great  Britain  followed 
by  the  disarmament  conference  and  more  recently  the  naval  conference 
in  Washington.    All  these  conferences  have  been  failures. 

Mr.  Coldwell  remarked  that  the  difficulty  faced  today  is  a  problem 
of  machine  production.  Machinery  has  been  made  so  efficient  that  the 
masses  are  in  grave  danger  of  wholesale  unemployment.  At  the  present 
time  there  are  in  operation  industrial  plants  using  eight  men,  the  whole 
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being  equivalent  to  the  former  labour  of  four  million  men.  The  speaker 
stated  that  not  until  this  problem  is  solved,  namely  the  proper  control 
of  machine  production,  will  we  overcome  the  present  depression. 

Present  production  has  approximately  doubled  that  of  twenty  years 
ago  and  there  being  no  market  for  this  production  we  have  unemploy- 
ment with  its  consequent  unrest.  In  all  probability  this  situation  will 
become  more  aggravated  during  the  coming  year. 

In  Europe  we  have  recently  seen  the  breakdown  of  the  existing 
social  structures,  with  the  exception  of  Great  Britain,  Norway,  Sweden 
and  Denmark,  where  there  is  comparative  tranquillity.  Most  of  the 
countries  of  Europe  are  under  one  form  or  other  of  dictatorship.  The 
danger  in  particular  is  that  in  all  those  countries  where  there  is  economic 
strife  it  may  develop  into  military  warfare. 

The  problem  then  becomes  one  of  control.  So  far  the  League  of 
Nations  is  the  most  forward  step  taken  internationally.  Mr.  Coldwell, 
however,  ventured  the  opinion  that  the  problem  must  be  settled  nation- 
ally. In  the  last  four  years  in  the  city  of  Regina  the  collegiate  popula- 
tion has  increased  by  eighty  per  cent  with  in  all  probability  an  actual 
reduction  in  the  total  population  of  the  city.  This  condition  is  a  direct 
result  of  the  machine  age,  the  additional  students  being  in  the  collegiate 
not  entirely  from  a  desire  for  knowledge  but  as  a  direct  result  of  un- 
employment. Canada  is  the  most  highly  industrialized  nation  per 
capita  in  the  world.  These  are  problems  for  solution  in  Canada  alone. 
They  cannot  be  solved  by  the  League  of  Nations.  In  general  it  is  in 
the  interests  of  Canadian  social  and  economic  life  that  the  general 
standard  of  living  be  raised. 

The  problem,  being  a  world  problem,  is  at  the  root  national  in 
character.  Consequently  any  solution,  national  in  character,  will  be 
a  step  forward.  To  do  this  use  must  be  made  of  our  democratic  institu- 
tions to  control  the  cause,  namely,  the  peculiar  economic  and  social 
condition  now  existing. 

The  address  was  provocative  of  considerable  discussion  touching 
various  phases  of  the  subject  including  the  "Douglas  Theory."  A 
hearty  vote  of  thanks  was  tendered  the  speaker  on  motion  of  P.  C. 
Perry  and  H.  S.  Carpenter,  m.e.i.c. 

Vancouver  Branch 

A.  I.  E.  Gordon,  Jr.E.I.C,  Secretary-Treasurer. 
Annual  Meeting 

Business  and  pleasure  were  combined  when  the  annual  meeting 
of  the  Vancouver  Branch  was  held  on  Monday,  November  19th,  1934, 
in  the  Aztec  room  of  the  Hotel  Georgia.  The  meeting  was  called  to  order 
at  8.15  p.m.  by  P.  H.  Buchan,  a. m.e.i.c,  the  retiring  chairman.  Follow- 
ing the  reading  of  the  minutes  H.  B.  Muckleston,  m.e.i.c,  conveyed 
the  thanks  of  the  President  and  Secretary  of  the  American  Society  of 
Civil  Engineers  and  the  local  Branch  to  the  Executive  committee  of 
the  Vancouver  Branch  of  The  Engineering  Institute  of  Canada  for  their 
co-operation  and  assistance  in  connection  with  the  Joint  Engineering 
Convention  in  Vancouver  last  July. 

Elections  held  at  the  meeting  resulted  in  the  unanimous  selection 
of  Jas.  Robertson,  a. m.e.i.c,  and  H.  N.  MacPherson,  a.m.e.i.c,  as 
chairman  and  vice-chairman  respectively  and  G.  M.  Gilbert,  a.m.e.i.c, 
as  secretary-treasurer.  New  committeemen  elected  are  J.  P.  Mac- 
Kenzie,  a.m.e.i.c,  and  P.  Sandwell,  a.m.e.i.c 

Following  presentation  of  the  annual  report  and  financial  state- 
ment, Mr.  Buchan  turned  over  the  chair  to  the  new  chairman,  Mr. 
Robertson.  A  vote  of  thanks  to  Mr.  Buchan  was  moved  by  Mr. 
Muckleston  and  seconded  by  Mr.  Wheatley.  They  paid  tribute  to 
the  energy  and  ability  displayed  by  Mr.  Buchan  during  his  three 
years  as  chairman  and  especially  to  his  ability  as  a  writer  and  his 
monumental  work  in  the  cause  of  Institute  Development.  W.  H. 
Powell,  M.E.I.C,  rose  to  express  the  hope  that  Mr.  Buchan's  latest 
study  on  the  subject  of  development,  which  is  considered  a  most  able 
review  of  the  whole  situation,  would  be  published  in  an  early  issue  of 
The  Journal. 

At  the  close  of  the  business  session  which  lasted  an  hour  and  an 
half,  refreshments  both  liquid  and  solid  were  enjoyed  and  the  next 
two  hours  were  devoted  to  the  very  excellent  programme  of  songs  and 
entertainment  arranged  by  A.  S.  Wootton,  m.e.i.c,  and  largely  con- 
tributed to  by  local  members. 

Winnipeg  Branch 

E.  W.  M.  James,  A.M.E.I.C,  Secretary-Treasurer. 
E.  V.  Calon,  M.E.I.C,  Branch  News  Editor. 

On  Friday  evening,  December  7th,  1934,  a  joint  smoker  of  the 
Winnipeg  Branch  of  The  Institute,  the  Manitoba  Branch  of  the  Cana- 
dian Institute  of  Mining  and  Metallurgy,  the  Association  of  Professional 
Engineers  of  the  Province  of  Manitoba,  and  junior  engineers,  was  held 
at  the  Marlborough  hotel. 

A  station  was  cut  in  Shaft  No.  13  at  the  first  level,  Jorge  Koal 
superintending,  chairs  and  tables  were  brought  along,  and  the  entire 
shift  downed  jackhammers  and  drifters  and  set  about  to  make  the  best 
of  the  occasion. 

Liquid  refreshments  with  exactly  the  right  reactions  were  served 
in  miniature  glass  flotation  cells,  and  the  solids  on  concentrating  tables. 


both  being  transported  by  white-jacketed  conveyors  under  the  super- 
vision of  Shift  Boss  Marcel  Bocquin,  who  later  led  the  singing  of 
"Alouette,"  after  the  sand  pumps  were  primed.  The  solids  were 
quickly  reduced  by  automatic  jaw  crushers,  and  after  grinding  and 
classifying,  were  clarified  and  precipitated  in  the  usual  way. 

S.  E.  McCoU,  a.m.e.i.c,  took  the  part  of  mine  captain  and  directed 
an  extra  shift  of  entertainers  who  included  Ferris  Healey  and  Trevor 
Rees  in  interludes  of  harmony;  Dr.  R.  M.  Cornelius,  Lenny  Morris  and 
George  Seibert,  of  Blades  Fencing  Club,  in  bouts  with  the  foils;  Bill 
Kicenko  and  Bill  Syrnk  in  bouts  of  boxing;  Jack  Trott  and  Joe  Myers 
in  bouts  of  wrestling;  the  four  O'Tooles  in  more  interludes  of  harmony; 
and  J.  H.  Whyard  in  a  burlesque  dancing  novelty. 

The  organizer  of  the  party  and  master  of  ceremonies  was  S.  E. 

McColl,   A.M.E.I.C 

Employment  of  Engineers  in  the  United  States 

An  intensive  study  of  the  United  States  census  for  1930,  made  by 
the  American  Engineering  Coimcil,  reveals  that  in  that  year  there  were 
225,800  who  called  themselves  engineers,  forming  0.46  per  cent  of  the 
total  of  48,830,000  gainfully  employed.  One  engineer  was  listed  for 
every  500  of  population,  and  one  for  every  210  persons  gainfully  em- 
ployed. The  distribution  of  the  engineers  by  professional  classes  was 
as  shown  in  Table  I.  The  fact  that  the  total  membership  in  technical 
societies  was  but  115,000  in  1929  indicates  that  minor  technicians  were 
probably  included  in  the  census  total. 

Table  I. — Distrihvtion  of  Engineers   in   the   United  Stales.     By   pro- 
fessional classes  acccrding  to  U.S.  Census  of  1930. 
Class  Number  Per  cent 

Civil 101,946  45.1 

Electrical 57,735  25.6 

Mechanical 54,264  24.0 

Chemical  and  Metallurgical 3,434  1 . 5 

Mining 8,408  3.8 

225,787  100.0 

Table  II. — Distrihulioii  of  Engineers  by  Employment  Groups. 

Group                         Number  Per  cent 

Agriculture 625  0.3 

Forestry 768  0.3 

Extraction  Industry 7,730  3.4 

Communication 13,211  5.9 

Public  Utilities 13,700  6.1 

Building  Industry 16,490  7.3 

Transportation 29,349  13.0 

Industry  and  Trade 65,383  28 . 9 

Total  of  industrial  groups.  .. .  147,256  65.2 

Government  Service 24,890  11.0 

Professional   and   consulting  engi- 
neers   53,641  23.8 


225,787 


100.0 


Although  65  per  cent  of  the  engineers  were  listed  as  employed  by 
industry  and  commerce,  it  should  be  noted  that  some  industries  em- 
ployed practically  no  engineering  talent.  From  a  study  of  Table  II 
it  appears  that  the  future  of  the  engineering  profession  is  still  in  the 
field  of  private  industry,  and  that  a  real  opportunity  lies  in  the  develop- 
ment of  backward  industries. 

A  prof  ession- wide  survey  is  now  under  way  by  the  Bureau  of  Labour 
Statistics  to  determine  how  the  status  of  engineers  has  changed  since 
the  last  Federal  Census  was  taken.  This  census  and  survey  is  being 
undertaken  by  Dr.  Isador  Lubin,  Commissioner  of  Labour  Statistics, 
co-operating  with  national,  state  and  local  engineering  societies,  through 
the  American  Engineering  Council. 

— Civil  Engineering. 

Analysis  of  Rigid  Frame  Concrete  Bridges 

A  third  edition  of  "Analysis  of  Rigid  Frame  Concrete  Bridges" 
has  been  published  by  the  Portland  Cement  Association,  and  includes 
the  results  of  recent  studies. 

In  addition  to  analysis  by  moment  distribution,  a  new  chart  and 
a  new  formula  are  given  as  basis  of  a  procedure  by  which  moments 
may  be  determined  quickly  without  use  of  frame  analysis. 

A  simple  method  of  correcting  moments  in  frames  by  allowing 
for  deck  curvature  is  presented,  and  important  structural  details  used 
in  rigid  frame  concrete  bridges  are  added.  There  is  also  a  new  con- 
venient method  of  determining  stresses  in  double-reinforced  concrete 
sections  subject  to  combined  bending  and  axial  thrust. 

The  presentation  is  brief  but  clear  and  complete  enough  to  enable 
engineers  of  bridges  to  analyze  rigid  frame  buildings  quickly. 

Copies  of  this  40-page  booklet  are  available  by  writing  to  the 
Portland  Cement  Association,  33  West  Grand  Avenue,  Chicago,  HI. 


Ransomes  and  Maries  Bearing  Company  of  Canada  Limited  an- 
nounce a  change  in  name  to  R.  &  M.  Bearings  Canada  Limited.  The 
Company  will  be  located  at  the  same  addresses  in  Montreal  and  Toronto. 
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Preliminary   Notice 

of  Applications  for  Admission  and  for  Transfer 


January  25th,  1935 

The  By-laws  provide  that  the  Council  of  The  Institute  kIuiII 
approve,  classify  and  elect  candidates  to  membership  and  transfer 
from  one  grade  of  membership  to  a  higher. 

It  is  also  provided  that  there  shall  be  issued  to  all  corporate 
members  a  list  of  the  new  applicants  for  admission  and  for  transfer, 
containing  a  concise  statement  of  the  record  of  each  applicant  and 
the  names  of  his  references. 

In  order  that  the  Council  may  determine  justly  the  eligibility 
of  each  candidate,  every  member  is  asked  to  read  carefully  the  list 
submitted  herewith  and  to  report  promptly  to  the  Secretary  any  facts 
which  may  affect  the  classification  and  selection  of  any  of  the  candidates. 
In  cases  where  the  professional  career  of  an  applicant  is  known  to  any 
member,  such  member  is  specially  invited  to  make  a  definite  recom- 
mendation as  to  the  proper  classification  of  the  candidate.* 

If  to  your  knowledge  facts  exist  which  are  derogatory  to  the 
personal  reputation  of  any  applicant,  they  should  be  promptly  com- 
municated. 

Communications  relating  to  applicants  are  considered  by 
the  Council  as  strictly  confidential. 


The  Council  will  consider  the  applications  herein  described  in 
March,  1935. 

R.  J.  DuRLEV,  Secretary. 


*The  professional  requirements  are  as  follows. — 

A  Member  shall  be  at  least  thirty-five  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  twelve  years,  which  period  may  include 
apprenticeship  or  pupilage  in  a  qualified  engineer's  office,  or  a  term  of  instruction  in  a 
school  of  engineering  recognized  by  the  Council.  The  term  of  twelve  years  may,  at 
the  discretion  of  the  Council,  be  reduced  to  ten  years  in  the  case  of  a  candidate  for 
election  who  has  graduated  from  a  school  of  engineering  recognized  by  the  Council. 
In  every  case  the  candidate  shall  have  held  a  position  in  which  he  had  responsible 
charge  for  at  least  five  years  as  an  engineer  qualified  to  design,  direct  or  report  on 
engineering  projects.  The  occupancy  of  a  chair  as  a  professor  in  a  faculty  of  applied 
science  of  engineering,  after  the  candidate  has  attained  the  age  of  thirty  years,  shall 
be  considered  as  responsible  charge. 

An  Associate  Member  shall  be  at  least  twenty-seven  years  of  age,  and  shall  have 
been  engaged  in  some  branch  of  engineering  for  at  least  six  years,  which  period  may 
include  apprenticeship  or  pupilage  in  a  qualified  engineer's  office  or  a  term  of  instruction 
in  a  school  of  engineering  recognized  by  the  Council.  In  every  case  a  candidate  for 
election  shall  have  held  a  position  of  professional  responsibility,  in  charge  of  work  as 
principal  or  assistant,  for  at  least  two  years.  The  occupancy  of  a  chair  as  an  assistant 
professor  or  associate  professor  in  a  faculty  of  applied  science  of  engineering,  after  the 
candidate  has  attained  the  age  of  twenty-seven  years,  shall  be  considered  as  pro- 
fessional responsibility. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council  shall  be  required  to  pass  an  examination  before  a  board  of  examiners 
appointed  by  the  Council.  The  candidate  shall  be  examined  on  the  theory  and  practice 
of  engineering,  with  special  reference  to  the  branch  of  engineering  in  which  he  has  been 
engaged,  as  set  forth  in  Schedule  C  of  the  Rules  and  Regulations  relating  to  Examina- 
tions for  Admission.  He  must  also  pass  the  examinations  specified  in  Sections  9  and  10, 
if  not  already  passed,  or  else  present  evidence  satisfactory  to  the  examiners  that  he 
has  attained  an  equivalent  standard.  Any  or  all  of  these  examinations  may  be  waived 
at  the  discretion  of  the  Council  if  the  candidate  has  held  a  position  of  professional 
responsibility  for  five  or  more  years. 

A  Junior  shall  be  at  least  twenty-one  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  four  years.  'This  period  may  be  reduced  to 
one  year  at  the  discretion  of  the  Council  if  the  candidate  for  election  has  graduated 
from  a  school  of  engineering  recognized  by  the  Council.  He  shall  not  remain  in  the 
class  of  Junior  after  he  has  attained  the  age  of  thirty-three  years,  unless  in  the  opinion 
of  Council  special  circumstances  warrant  the  extension  of  this  age  limit. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council,  or  has  not  passed  the  examinations  of  the  third  year  in  such  a  course, 
shall  be  required  to  pass  an  examination  in  engineering  science  as  set  forth  in  Schedule  B 
of  the  Rules  and  Regulations  relating  to  Examinations  for  Admission.  He  must  also 
pass  the  examinations  specified  in  Section  10,  if  not  already  passed,  or  else  present 
evidence  satisfactory  to  the  examiners  that  he  has  attained  an  equivalent  standard. 

A  Student  shall  be  at  least  seventeen  years  of  age,  and  shall  present  a  certificate 
of  having  passed  an  examination  equivalent  to  the  final  examination  of  a  high  school, 
or  the  matriculation  of  an  arts  or  science  course  in  a  school  of  engineering  recognized 
by  the  Council. 

He  shall  either  be  pursuing  a  course  of  instruction  in  a  school  of  engineering 
recognized  by  the  Council,  in  which  case  he  shall  not  remain  in  the  class  of  Student  for 
more  than  two  years  after  graduation;  or  he  shall  be  receiving  a  practical  training  in 
the  profession,  in  which  case  he  shall  pass  an  examination  in  such  of  the  subjects  set 
forth  in  Schedule  A  of  the  Rules  and  Regulations  relating  to  Examinations  for  Ad- 
mission as  were  not  included  in  the  high  school  or  matriculation  examination  which 
he  has  already  passed;  he  shall  not  remain  in  the  class  of  Student  after  he  has  attained 
the  age  of  twenty-seven  years,  unless  in  the  opinion  of  Council  special  circumstances 
warrant  the  extension  of  this  age  limit. 

An  Affiliate  shall  be  one  who  is  not  an  engineer  by  profession  but  whose  pursuits, 
scientific  attainments  or  practical  experience  qualify  him  to  co-operate  with  engineers 
in  the  advancement  of  professional  knowledge. 


The  fact  that  candidates  give  the  names  of  certain  members  as  reference  does 
not  necessarily  mean  that  their  applications  are  endorsed  by  such  members. 


FOR  ADMISSION 

CO XWORTH— THOMAS  WALKER,  of  804.5  Chappcl  Ave.,  Cliicago,  III.,  Horn 
at  Deloraine,  Man.,  Sept.  2nd,  190:5;  Educ,  B.Sc,  Univ.  of  Man.,  192G;  1924-20,  chief 
of  party  on  land  and  subdivn.  surveys,  W.  &  A.  Smadbeck  Inc.,  New  York,  N.V.; 
1926-27,  field  engr.  in  charge  of  land,  topographic  and  subdivn.  surveys,  for  same 
company;  1927  to  date,  with  McClintock-Marshall  Corpn.,  Chicago,  1927-29,  in 
various  capacities  in  faliricating  shop  and  erecting  dept.,  and  1929  to  date,  asst. 
engr.  in  engrg.  and  estimating  depts.,  in  charge  of  preparation  of  estimates  and  designs, 
and  engaged  in  a  variety  of  problems  of  an  engrg.  nature  involving  the  use  of  struct'l. 
steel. 

References.  E.  P.  Fetherstonhaugh,  J.  N.  Finlayson,  G.  H.  Herriot,  N.  M.  Hall, 
A.  E.  MacDonald. 

DUFRESNE— ALPHONSE  OLIVIER,  of  Quebec,  Que.,  Born  at  Montreal, 
Que.,  April  10th,  1890;  Educ.,  B.A.Sc.,  M.E.,  Ecole  Polytechnique,  Montreal,  191). 
B.Sc,  M.Sc,  McGill  Univ.,  1913;  1907-12  (summers),  surveying,  munic.  engrg., 
struct'l.  steel  constrn.,  geol.  surveying;  1911-14,  mining  engrg.,  prospecting;  1914-29, 
inspr.  of  mines,  statistical  work,  geol.  examination,  reports  on  mining  properties,  and 
from  1929  to  date.  Director,  Bureau  of  Mines,  Province  of  Quebec,  Quebec,  Que. 

References.  A.  B.  Normandin,  A.  Frigon,  A.  Duperron,  H.  Cimon,  J.  P.  P.  Joncas. 

GAGNON— LUDGER,  of  Quebec,  Que.,  Born  at  Laprairie,  Que.,  Feb.  22nd, 
190.3;  Educ,  B.A.Sc,  C.E.,  Ecole  Polytechnique,  Montreal.  1927.  S.B.,  .Mass.  Inst. 
Tech.,  1928;  1924-25-20  (summers),  surveying,  Quebec  Streams  Comm,;  1927  (3  mos.), 
time  and  cost  keeping,  field  work,  Quinlan,  Robertson  &  Janin;  1928,  struct'l.  design, 
Langlais,  Ricard   &   Royer;   1928  to  date.  asst.  city  engr.,  Quebec,  Que. 

References.  H.  Cimon,  A.  B.  Normandin,  J.  Joyal,  A.  Lariviere,  C.  H.  Boisvert. 

GALE— MEL VIN  LAMBETH,  of  12021-97th  Street,  Edmonton,  Alta.,  Born 
at  DeWinton,  Alta.,  Oct.  10th,  1903;  Educ,  B.Sc.  (Civil),  Univ.  of  Alta.,  1927; 
1922-25  (summers),  recorder,  rodman,  dftsman.,  Hydrometric  Survey,  Dept.  of  the 
Interior;  1926  (summer),  rodman  and  .asst.  to  dist.  engr.,  Dept.  of  Highways,  Prov.  of 
Alta.;  1927-30,  engr.,  estimator,  designer  and  gen.  supervisor  for  Permanent  Construc- 
tion Co.,  Edmonton.  Making  estimates,  preparing  tenders,  carrying  out  designs  in 
steel,  timber  and  concrete  constrn.,  and  acting  as  gen.  supervisor  of  constrn.;  1930-34, 
operating  under  own  name  as  engr.  and  gen.  contractor;  Oct.  1934  to  date,  assessor  for 
the  Province  of  Alberta. 

References.  R.  S.  L.  Wilson,  H.  R.  Webb,  R.  M.  Dingwall,  J.  Garrett,  R.  W. 
Ross. 

HESLOP— WILFRID  GIBSON,  of  74  Winnipeg  Ave.,  Port  Arthur,  Ont.,  Born 
at  Langton,  Durham,  England,  Aug.  28th,  1906;  Educ,  B.A.Sc,  Univ.  of  Toronto, 
1930;  1924-25-20  (summers),  chainman,  C.N.R.,  and  on  mining  claims  and  timber 
limit  surveys;  1927-28-29  (summers),  in  charge  of  survey  parties;  1930-31,  field  engr., 
transmission  dept.,  H.E.P.C.,  of  Ontario;  1931  (June-Sept.),  inspr.  in  Nor.  Ont.; 
1931-32,  location  engr.  and  asst.  engr.,  on  Trans-Canada  Highways,  Dept.  of  Northern 
Development;  1932  (July-Dec),  survey  work  and  inspecting  for  H.E.P.C.  of  Ontario; 
1933  (Oct. -Dec"),  demonstrator  of  surveying,  Univ.  of  Toronto;  1934,  res.  engr.  and 
inspr.,  H.E.P.C.  of  Ontario;  1934  (Oct.-Dec).  demonstrator  of  surveying,  Univ.  of 
Toronto;  made  many  reports  re  transmission  lines  for  H.E.P.C.  of  Ontario. 

References.  W.  T.  Moodie,  J.  A.  G.  White,  C.  R.  Young,  C.  D.  Howe,  R.  B. 
Chandler,  W.  S.  Wilson,  W.  L.  Sager. 

MacFARLANE— PETER  WILLIAM,  of  3535  Carleton  Rd.,  Montreal,  Que., 
Born  at  St.  Andrews,  N.S.,  Oct.  31st,  1887;  Educ,  Nova  Scotia  Public  Schools,  1893- 
1900;  1902-03,  Montreal  Locomotive  Company,  pumps,  compressors,  dfting  table 
and  power  house;  1903-04,  boiler  house,  engine  room  and  elect'l.  shop,  Montreal 
General  Hospital;  1904-05,  station  operator,  Chenneville  St.,  Montreal  Light,  Heat 
and  Power  Cons.;  190.5-09,  helper  to  mechanic,  Otis-Fensom  Elevator  Co.;  1909-10. 
electrn.,  Windsor  Hotel  Ltd.;  1910-11.  wiring  new  bldg  ,  Jas.  A.  Ogilvy  Ltd.;  1911-14, 
service  supt.,  Otis-Fenson  Elevator  Co.;  1914-18,  overseas;  1918-21.  service  supt., 
Otis-Fenson  Elevator  Co.;  1921-22,  elevator  supt..  Darling  Bros.  Ltd.;  1922-28, 
reconditioning  cf  property,  Windsor  Hotel  Ltd.;  1928  to  date,  supt.  engr.,  Dept.  of 
Bldgs.  and  Grounds,   McGiU  University,   Montreal,  Que. 

References.  W.  J.  Armstrong,  F.  A.  Combe,  K.  T.  Cregeen,  F.  J.  Friedman,  H.  M. 
Jaquays,  J.  A.   Kearns,  G.   K.  McDougall,  C.  M.  McKcrgow. 

MARTINEAU— JOSEPH  OMER,  of  Quebec,  Que.,  Born  at  Charlesbourg,  Que  , 
Aug.  7th,  1893;  Educ,  B.Sc,  Queen's  Univ.,  1915;  1912-14  (summers).  Federal  Public 
Works;  1916  to  date,  with  Dept.  of  Roads,  Prov.  of  Quebec,  from  1922  to  date,  as 
asst.  chief  engr. 

References.  J.  A.  Lefebvre,  J.  O.  Montreuil,  A.  B.  Normandin,  A.  Lariviere, 
J.  E.  Roy,  O.  Desjardins. 

MATTHEWS— SAMUEL,  of  704  Saskatchewan  Crescent  East,  Saskatoon,  Sask., 
Born  in  Aberdeenshire,  Scotland,  Sept.  21st,  1893;  Educ,  B.Sc.  (Ceramic  Engrg.), 
Univ.  of  Sask.,  1928;  Summer  work:  1924-25,  Refractories  (Manufacture);  1920,  terra 
cotta  manufacture;  1927,  research  on  Sask.  Ball  clays;  1927-28,  part  time  demonstrator 
in  ceramics;  1928-29,  ceramic  engr.  for  the  Citadel  Brick  Co.  Ltd.,  Quebec,  Que. 
Solving  drying  problems  and  improving  quality  of  ware.  During  winter  months 
engaged  in  research  work  at  Univ.  of  Sask. ;  1929  to  date,  ceramic  engr.  for  the  Dominion 
Fire  Brick  and  Clay  Products  Ltd.,  Moose  Jaw,  Sask.  Supervn.  of  clay  pits,  refractory 
mixtures,  mfg.  and  listing  of  products,  plant  constrn.  Also  in  charge  of  research  work 
carried  on  during  winter  months. 

References  C.  J.  Mackenzie,  W.  G.  Worcester,  A.  R.  Spencer,  J.  J.  White,  H.  B. 
Brehaut. 

OVERALI^-CYRIL  ARTHUR  GOODWIN,  of  103  Epwjrth  Circle,  Niagara 
Falls,  Ont.,  Born  at  Walthamstowe,  Essex,  England,  May  7th,  1905;  Educ  B  Sc 
(Chem.),  Tri-State  Coll.,  Angola,  Indiana,  1932;  R.P.E.  Ont.;  1919-21,  mach.  helper, 
Herbert  Morris  Crane  and  Hoist  Co.,  Niagara  Falls,  Ont.;  1923-25,  jr.  dftsman. [ 
American  Cyanamid  Co.,  Niagara  Falls;  1925-27,  mill  dftsman.  for  plant  with  000 
employees,  Kimberley-Clark  Corpn.,  Niagara  Falls,  N.Y.;  1927-i50,  designing  dfts- 
man.. Spruce  Falls  Power  and  Paper  Co.,  Kapuskasing,  Ont.  (also  checker);  1932-33, 
designing  dftsman.  and  engr.,  American  Cyanamid  Co.,  Niagara  Falls,  Ont.;  1933-34^ 
Ontario  Training  College  for  Technical  Teachers.  Granted  vocational  cert,  qualified 
for  dfting.  instructor  (elem.  mach.  design,  strength  of  materials,  etc.);  1934  to  date, 
designing  dftsman.,  checker  and  engr.,  American  Cyanamid  Co.,  Niagara  Falls,  Ont. 
(Jan.  1st,  1935,  name  changed  to  North  American  Cyanamid  Co.  Ltd.), 

References;  C.  W.  Boast,  E.  D.  W.  Courtice,  S.  R.  Frcst,  H.  L.  Bucke,  W.  S  Orr 
F.  L.  Haviland,  P.  A.  Dewey,  A.  W,  F.  McQueen. 

PARADIS— ALPHONSE,  of  Quebec,  Que.,  Born  at  La  Patrie,  Que.,  Aug  16th 
1883;  Educ,  B.A.Sc,  C.E.,  Ecole  Polytechnique,  Montreal,  1912;  1912-14,  Laval 
Univ.,  teaching;  1914  to  date,  with  Dept.  of  Highways,  Prov.  of  Quebec,  as  follows: 
1914-15,  inspr.,  1915-18,  engr.  in  charge  of  Macadam  constrn.;  1918-32,  dist.  engr., 
1932  to  date,  chief  engr. 

References:  A.  B.  Normandin.  A.  Amos,  L.  Beaudry,  J.  L.  Bizier,  O.  Desjardins, 
J.  P.  Joncas,  A.  Lariviere,  P.  Methe. 
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SCRYMGEOUR— DONALD  STUART,  of  London,  Ont.,  Born  at  Winnington, 
Cheshire,  England,  May  1st,  1891;  Educ,  1913-17,  Royal  Technical  Institute,  Salford, 
England.  While  there  obtained  City  and  Guilds  of  London  Bronze  Medal— Struct'l. 
Engrg.  1917;  1911-15,  ap'ticeship  with  Skipwith,  Jones  &  Lomax  Ltd.,  Struct'l.  Engrs., 
Manchester,  England;  1915-18,  with  Heenan  &  Froude  Ltd.,  Struct'l.  Engrs.,  Man- 
chester; 1918-20,  chief  dftsman.  and  steelwork  inspr.  and  progress  engr.,  W.  Alban 
Richards  Ltd.,  Gen.  Contractors  and  Engrs..  London,  England;  1920-23,  asst.  chief 
dftsman.  and  estimator,  Widnes  Foundry  Co.  Ltd.,  (bridge  dept.),  Widnes,  Lanes., 
England;  1923-24,  chief  dftsman.  and  estimator  of  city  office,  E.  C.  &  J.  Keay  Ltd., 
Constrn.  Engrs.,  Birmingham;  1924-25,  leading  dftsman.,  Horseley  Bridge  and  Engrg. 
Co.  Ltd.,  Dudley  Port,  Staffs.,  England;  1925-28,  leading  dftsman.,  Rendel,  Palmer 
&  Tritton,  London,  England,  consltg.  engrs.  to  Indian  Office,  Indian  State  and  other 
rlys.;  1928,  steelwork  checker,  Hamilton  Bridge  Co.  Ltd.;  1928  to  date,  chief  dftsman. 
London  Structural  Steel  Co.  Ltd.,  London,  Ont. 

References:  H.  A.  McKay,  W.  M.  Veitch,  J.  R.  Rostron,  W.  C.  Miller,  J.  A. 
Vance. 

FOR  TRANSFER  FROM  THE  CLASS  OF  ASSOCIATE  MEMBER  TO  THAT 

OF  MEMBER 

BENNETT— HARRY  FREDERICK,  of  Sault  Ste.  Marie,  Ont.,  Born  at  Saint 
John,  N.B.,  May  6th,  1888;  Educ.  B.Sc.  (C.E.),  Univ.  of  N.B.,  1908;  with  Dept.  of 
Public  Works  of  Canada  as  follows:  1908-12,  asst.  engr..  Saint  John,  N.B.,  1924-30, 
senior  asst.  engr.,  Halifax,  N.S.,  and  1930  to  date,  district  engr.,  Sault  Ste.  Marie 
District.     (St.  1907,  Jr.  1914,  A.M.  1920.) 

References:  K.  M.  Cameron,  R.  deB.  Corriveau,  H.  J.  Lamb,  G.  Stead,  F.  G. 
Goodspeed,  O.  S.  Cox. 

LINTON— ADAM  PEARCE,  of  Regina,  Sask.,  Born  at  New  Hamburg,  Ont., 
July  4th,  1884;  Educ,  B.A.Sc,  Univ.  of  Toronto,  1908;  1900-07,  dftsman.,  Hamilton 
Bridge  Works;  1908-11,  dftsman.,  Dominion  Bridge  Co.;  1911-12,  St.  Lawrence 
Bridge  Co.,  on  design  of  Quebec  Bridge;  1912-15,  chief  bridge  engr.,  Dept.  of  High- 
ways, Govt,  of  Saskatchewan;  1915-19,  overseas.  Can.  Rly.  Troops.  Commanded  First 
Bridging  Co.  in  Palestine.  Major.  Mentioned  in  despatches  and  decorated,  O.B.E.; 
1919  to  date,  chief  bridge  engr.,  Dept.  of  Highways,  Govt,  of  Sask.,  since  1912  (except 
1915-19),  responsible  for  design,  constrn.  and  mtce.  of  all  highway  bridges  in  Saskat- 
chewan.    (St.  1908,  A.M.  1913.) 

References:  H.  S.  Carpenter,  H.  R.  MacKenzie,  D.  A.  R.  McCannel,  S.  Young, 
C.  J.  Mackenzie. 

FOR  TRANSFER  FROM  THE  CLASS  OF  JUNIOR 

CARRUTHERS— CLARENCE  D.,  of  253  Castlefield  Ave.,  Toronto,  Ont., 
Born  at  Millbrook,  Ont.,  Oct.  10th,  1901;  Educ,  B.A.Sc,  Univ.  of  Toronto,  1927; 
1920-21,  jr.  dftsman.,  B.  N.  Brack,  Arch'ts.;  1921-22,  jr.  clerk  of  work,  Sunnyside 
Development,  Toronto  Harbour  Commn.;  1923,  dftsman.,  Truscon  Steel  Co.;  Sum- 
mers 1925-26-27,  in  charge  of  small  party,  Geodetic  Survey  of  Canada,  mapping  of 
City  of  London;  1927  to  date,  designer,  dftsman.,  with  Gordon  L.  Wallace,  m.e.i.c, 
Consltg.  Engr.,  Toronto,  Ont.     (St.  1927,  Jr.  1929.) 

References:  G.  L.  Wallace,  C.  R.  Young,  F.  P.  Steers,  L.  A.  Lee,  J.  Hole. 

DAVIDSON— JOHN  KNOX,  of  Buckingham,  Que.,  Born  at  Stranraer,  Scot- 
land, Feb.  1st,  1905;  Educ,  B.Sc,  Univ.  of  St.  Andrews,  Scotland,  1926;  Passed 
exams,  for  A.M.  Inst.  C.E.,  London,  England,  1928.  Elected  a.m.i.c.e.,  1931;  1926- 
27,  asst.  engr.  and  1927-28,  asst.  chief  engr.,  Corpn.  Waterworks,  Dundee,  Scotland; 
1928  (May-Nov.),  asst.  field  engr..  Sir  Robert  Mc.Mpine  and  Sons,  Contractors, 
London,  England;  1929  (Jan. -Apr.),  asst.  to  Robert  Gibson,  consltg.  engr.,  Dundee; 
1929-30,  detailer,  designer  and  field  engr..  Dominion  Bridge  Co.  Ltd.,  Montreal; 
1930-31,  res.  engr.  in  charge  of  constrn.  of  rapid  sand  filtration  plant  for  City  of  Brant- 
ford,  Ont.;  May  1932  to  date,  chief  engr..  Electric  Reduction  Co.  Ltd.,  Buckingham, 
Que.,  in  charge  of  gen.  plant  operation  and  design  and  constrn.  of  plant  developments. 
(Jr.  1930.) 

References:  L.  H.  Burket,  W.  S.  Lea,  F.  P.  Adams,  C.  A.  Waterous. 

GRAHAM— WALTER  WHITE,  of  5746  Charlemagne  Ave.,  Montreal.  Que., 
Born  at  Glasgow,  Scotland,  Aug.  29th,  1901;  Educ,  B.Sc,  McGill  Univ.,  1925; 
Summers:  1922,  rodman  on  rly.  constrn.;  1923,  concrete  inspr..  Steel  Co.  of  Canada, 
Montreal;  on  installn.  work.  La  Gabelle  development,  Shaw.  Water  and  Power  Co.; 
1925-28,  elect'l.  and  hydro-electric  design.  Power  Engrg.  Co.;  1928  to  date,  elect'l. 
designer,  Shawinigan  Engineering  Co.,  Montreal,  Que.,  on  design  and  installn.  of 


equipment,  etc.,  particularly  in  connection  with  Rapide  Blanc  development.   (St.  1923, 
Jr.  1028.) 

References:  S.  C.  Hill,  A.  B.  Rogers,  R.  E.  Heartz,  A.  S.  Pee,  J.  A.  McCrory. 

LAIDLAW— DOUGLAS  STAUNTON,  of  Toronto,  Ont.,  Born  at  Toronto, 
Sept.  23rd,  1905;  Educ,  B.A..Sc.,  Univ.  of  Toronto,  1928;  192S-29,  inspr.,  testing 
lab.  and  dftsman.,  hydraulic  dept.,  H.E.P.C  of  Ont.;  1930-.32,  designing  dftsman., 
DeHueck  and  Mattice,  United  Engrs.  and  Constructors  and  Beauharnois  Constrn. 
Co.,  Montreal;  1932-34,  asst.  to  .lohn  B.  Laidlaw,  then  chief  agent  for  Canada  of  the 
Norwich  Union  Life  Assurance  Society,  supplemented  by  private  practice  as  a  struct'l. 
engr.;  at  present,  private  practice  as  struct'l.  engr.  in  partnership  with  Catto  and 
Catto,  Architects,  Toronto,  Ont.     (Jr.  1930.) 

References:  A.  H.  Harkness,  T.  H.  Hogg,  C.  H.  Mitchell,  J.  M.  Oxley,  J.  F. 
Plow,  M.  V.  Sauer,  C.  R.  Young,  R.  B.  Young. 

LOVETT— PERCY  ARTHUR,  of  107  Morris  St.,  Halifax,  N.S.,  Born  at  Liver- 
pool, N.S.,  April  17th,  1903;  Educ,  B.Sc  (E.E.).  N.S.  Tech.  Coll.,  1928;  1927  (sum- 
mer), C.G.E.,  Peterborough,  Ont.;  1928,  asst.  on  N.S.  Advisory  Board  of  Fuel  In- 
vestigation; 1928-.30,  graduate  ap'tice,  Canadian  Westinghouse  Co.  Ltd.,  Hamilton, 
Ont.;  1930-33,  asst.  engr..  Maritime  Tel.  and  Tel.  Co.;  1933,  associated  with  J.  R. 
Kaye,  A. m.e.i.c,  on  consltg..  supervision  and  design  work;  1933  to  date,  consltg.  engr. 
with  Engineering  Service  Co.  Ltd.,  consltg.,  supervn.  and  design  work.  (St.  1928, 
Jr.  1931.) 

References:  I.  P.  MacNab,  J.  R.  Kaye,  W.  A.  Winfield,  F.  R.  Faulkner,  F.  A. 
Bowman. 

FOR  TRANSFER  FROM  THE  CLASS  OF  STUDENT 

ARMSTRONG— OWEN  FRED  CALDER,  of  4594  Decarie  Blvd.,  Montreal, 
Que.,  Born  at  Round  Hill,  N.S.,  Jan.  26th,  1901;  Educ,  B.Sc.  (Mech),  N.S.  Tech. 
Coll.,  1928;  1925  (summer),  highway  constrn.;  1927  (summer),  bldg.  constrn.;  With 
Bell  Telephone  Co.  of  Canada  as  follows:  1928-29,  student  engr.;  1929-31,  asst.  to 
divn.  traffic  engr.;  1931-33,  asst.  to  district  traffic  supt. ;  1933  to  date,  asst.  to  gen. 
employment  supervisor.  Gen.  Traffic  Dept.     (,S'(,  1926.) 

References:  C.  L.  Brooks,  E.  Baty,  A.  M.  Robertson,  H.  E.  McCrudden,  F.  W. 
Angus. 

COSTIGAN— JAMES  PERCIVAL  McDOUGALL,  of  494  Grosvenor  Ave., 
Westmount,  Que.,  Born  at  Westmount,  Oct.  15th,  1904;  Educ,  B.Sc.  McGill  Univ., 
1926;  With  Shawinigan  Water  and  Power  Company  as  follows:  Summer  1924,  La 
Gabelle  development;  1926-28,  power  ap'ticeship  course;  1928-33,  design  and  supervn. 
of  constrn.  of  distribution  lines,  transmission  lines,  and  substations;  19.33  to  date, 
design  and  supervn.  of  mech'l.  and  elect'l.  equipment  of  industrial  bldgs.,  T.  Pringle 
&  Son  Ltd.,  Industrial  Designing  and  Supervising  Engrs.,  Montreal,  Que.    (St.  192B.) 

References:  C.  V.  Christie,  R.  H.  Mather,  G.  M.  Wynn,  J.  H.  Fregeau,  G.  R. 
Hale,  A.  C.  Abbott. 

GREENWOOD— FREDERICK  DWYER,  of  Timmins,  Ont.,  Born  at  New 
Liskeard,  Ont.,  July  14th,  1907;  Educ,  B.Sc,  Queen's  Univ.,  1931;  1298  (summer), 
township  survey,  Nor.  Ont.;  With  Ford  Company  of  Canada  as  follows:  1929-30 
(summers),  tool  room;  1931  (summer),  millwright  dept.;  1931-32,  designer,  tool 
design  dept.;  1932-33,  engrg.,  engrg.  dept.;  1933-34,  stationary  engr.,  Vipond  Mines; 
Oct.  19.34  to  date,  designer,  HoUinger  Cons.  Gold  Mines,  Timmins,  Ont.     (St.  1928.) 

References:  J.  E.  Porter,  W.  A.  Dawson,  L.  T.  Rutledge,  L.  M.  Arkley,  V.  W. 
Maclsaac. 

STRIOWSKI— JOHN  BENJAMIN,  of  2.30  Arlington  St ,  Winnipeg,  Man.,  Born 
at  Winnipeg,  April  11th,  1907;  Educ,  B.Sc,  Univ.  of  Man.,  1929.  (Thesis  still  to  be 
completed  for  M.Sc);  1926-27-28  (summers),  surveys  and  constrn.  of  branch  lines, 
rodman  and  instr'man.,  C.N.R.;  1929  (summer),  and  1930-31,  Northwestern  Power 
Co.  Ltd.,  Winnipeg,  dfting.,  design  and  detailing  of  reinforced  concrete  structures. 
Seven  Sisters  hydro-electric  power  development;  1929-30,  demonstrator  in  civil  engrg., 
Univ.  of  Man.;  1931-33  (intermittently),  with  Dept.  of  Northern  Development, 
Kenora,  Ont.,  topog'r.,  levelman,  transitman  on  location  surveys,  also  res.  engr.  on 
constrn.  Trans-Canada  Highway.     (St.  1927.) 

References:  J.  N.  Finlayson,  A.  E.  MacDonald,  G.  H.  Herriot,  N.  M.  Hall. 

WICKWIRE— LAWRENCE  DAVID,  of  Liverpool,  N.S.,  Born  at  Milford, 
N.S.,  Aug.  24th,  1907;  Educ,  B.Sc,  N.S.  Tech.  Coll.,  1933;  1925-26,  lumber  checker, 
elect'ns.  helper;  1933  to  date,  engrg.  dftsman.,  Mersey  Paper  Co.,  Liverpool,  N.S. 
(St.  1933.) 

References:  J.  H.  M.  Jones,  C.  H.  L.  Jones,  F.  R.  Faulkner,  R.  L.  Seaborne, 
W.  P.  Copp. 


Worker  Unrest  in  Construction 

For  three  years  construction  employment  has  been  low.  It  is  still 
low,  and  especially  in  heavy  construction  a  good  job  ought  to  be  wel- 
come. But  it  does  not  seem  to  be  welcome  if  the  strike  of  a  group  of 
workers  on  the  Midtown  tunnel  in  New  York  is  any  criterion.  The 
tunnel  workers  have  good  hours  and  wages — PWA  hours  and  wages, 
in  fact, — yet  they  strike.  Wages  and  working  conditions  evidently  are 
not  the  issue. 

The  contractor  says  that  the  strike  began  without  notice  or  demand 
and  pickets  who  walk  before  the  shaft  carrying  "Unfair"  signs  say 
that  they  do  not  know  what  union  is  striking  or  why.  A  union  rep- 
resentative says  that  the  strike  is  a  protest  against  the  employment  of 
non-union  labourers  on  the  job.  So  the  issue  seems  to  be  compulsory 
unionization,  with  the  usual  symptoms  of  regimentation  by  organizers 
and  threats  of  a  sympathetic  general  strike. 

It  is  strange  that  workers  strike  when  they  have  just  found  a 
good  job  and  have  no  complaint  against  hours,  wages  or  treatment. 

Out  of  this  confusing  situation  two  facts  emerge  prominently.  One 


is  that  the  extensive  new  rights  granted  to  labour  by  the  Recovery  Act 
do  not  include  the  right  to  compulsory  unionization  or  the  right  to 
deprive  non-union  men  of  work.  The  second  is  that  the  course  of  the 
NRA  officials  in  dealing  with  labour  relations  has  been  such  as  to  mis- 
lead labour  into  believing  that  it  was  given  this  right  and  is  entitled  to 
fight  for  it.  A  third  fact  ought  to  be  noted  with  these — namely,  that  in 
many  of  the  recent  strikes  the  majority  of  workers  desired  to  stay  at 
work  but  were  either  tricked  or  intimidated  by  the  minority. 

To  bring  this  strike  fever  to  an  end  is  as  important  to  the  workers 
as  to  industry  and  consumer.  It  is  at  present  the  most  critical  essential 
to  continuation  of  the  recovery  process.  Construction  in  particular 
ought  to  guard  itself  against  the  strike  habit  so  that  it  may  continue 
to  perform  its  essential  service  of  stimulating  general  recovery  of 
business  and  industry. 

If  the  present  labour  difficulties  are  to  be  ended,  it  will  corne  about 
through  steady  and  sensible  firmness  on  the  part  of  the  sound  majority 
of  labour,  working  in  harmony  with  the  employers  who  also  in  the  large 
majority  are  seeking  for  stable  and  mutually  advantageous  relations 
with  their  employees. — Engineering  News-Record. 
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EMPLOYMENT  SERVICE  BUREAU 

The  Service  is  operated  for  the  benefit  of  members  of  The  Engineering  Institute  of  Canada, 

and  for  industrial  and  other  organizations  employing  technically  trained  men — 

without  charge  to  either  party. 

All  correspondence  should  be  addressed  lo 

The  Employment  Service  Bureau,  The  Engineering  Institute  of  Canada 

2050  MansBeld  Street,  Montreal 


Situations  Wanted 


Situations  Vacant 

DRAUGHTSMAN,  with  pulp  or  paper  mill  experience  for 
work  in  Northern  Quebec.  Give  full  information  re- 
garding age,  education,  ejcperience,  etc.  in  6rst  letter  to 
Box  No.  1092- V. 

RADIO  ENGINEER,  under  35  years  of  age  wanted  for 
responsible  position  in  production  department  of  large 
manufacturing  concern.  Must  be  experienced  in 
transformer  winding,  design  of  test  apparatus,  super- 
vision of  test  procedure  and  quality  control.  Apply 
giving  references,  education,  experience,  age  and  salary 
expected  to  Box  No.   1100-V. 

PURCHASING  ENGINEER,  man  with  broad  com- 
mercial and  business  experience  for  purchasing  depart- 
ment of  large  manufacturing  concern.  Technical 
experience  required.  In  reply  please  outline  in  detail 
complete  experience.    Apply  to  Box  No.  1102- V. 


Situations  Wanted 

ESTABLISHED  SALES  ENGINEER.  Univ.  of  Toronto 
'24,  with  plant  and  manufacturing  experience,  wishes  to 
represent  manufacturers  of  technical  equipment.  Con- 
nections with  automobile  and  electrical  equipment 
dealers,  throughout  Canada.  Will  make  small  invest- 
ment if  necessary.     Apply  to  Box  No.  1-W. 

MECHANICAL  ENGINEER,  Canadian,  with  technical 
training  and  executive  experience  in  both  Canadi^n  and 
American  industries,  particularly  plant  layout,  equip- 
ment, planning  and  production  control  methods,  is 
open  for  employment  with  company  desirous  of  improv- 
ing manufacturing  methods,  lowering  costs  and  preparing 
for  business  expansion.     Apply  to  Box  No.  35-W. 

MECHANICAL  ENGINEER,  graduate  McGill  Univ. 
Experience  on  hydro-electric  power  construction  and 
design  and  installation  of  equipment  of  pulp  and  paper 
mills.  Desires  position  as  mechanical  engineer  in  an 
industrial  plant  or  pulp  and  paper  mill,  or  as  repre- 
sentative on  the  sale  of  heavy  machinery.  Apply  to 
Box  No.  142-W. 

PURCHASING  AGENT.  Graduate  mechanical  engineer, 
Canadian,  married,  age  36,  with  fourteen  years  expe- 
rience in  industrial  field,  including  design,  construction 
and  operation,  eight  years  of  which  had  to  do  with  the 
development  of  specifications  and  ordering  of  equip- 
ment and  materials  for  plant  extensions  and  main- 
tenance; one  year  engaged  on  sale  of  surplus  construction 
equipment.  Full  details  on  request.  At  present  em- 
ployed.    Apply  to  Box  No.  161-W. 

SALES  ENGINEER,  s.e.i.c;  b.sc.  c.e.,  1930  (Univ. 
New  Bruns.),  p.e.n.b.  Age  28.  Experience  includes 
building  inspection,  structural  detailing,  road  construc- 
tion, and  chemical  operation.  Interested  in  sales  work 
on  the  sales  staff  of  some  manufacturing  or  wholesale 
concern.     Apply  to  Box  No.  225-W. 

REINFORCED  CONCRETE  ENGINEER,  b.sc..  p.e.q., 
eight  years  experience  in  construction  design  of  industrial 
buildings,  office  buildings,  apartment  houses,  etc.  Age 
30.     Married.     Apply  to  Box  No.  257-W. 

DESIGNING  DRAUGHTSMAN,  experience  in  layout 
of  steam  power  house  equipment  and  piping.  Wide 
experience  in  mechanical  drive  and  details  of  machinery, 
gearing,  and  hoists.  Accustomed  to  layout  of  small  mill 
buildings  of  steel  and  timber,  structural  design  and 
details.  Good  references.  Present  location  Montreal. 
Apply  to  Box  No.  329-W. 

ELECTRICALENGINEER,  B.sc,  A.M.B.i.c,  Am.A.i.E.E.. 
age  30,  single.  Eight  years  experience  H.E.  and  steam 
power  plants,  substations,  etc.,  shop  layouts,  steel  and 
concrete  design.  Location  immaterial.  Available  im- 
mediately.    Apply  to  Box  No.  435-W. 

CIVIL  ENGINEER,  b.a.sc.  and  C.B.;  a.m. e. i.e.,  jun. 
A.8.C.B.,  age  32,  married.  Ejtperience  over  twelve  years 
as  assistant  and  resident  engineer  on  the  construction  of 
hydro-electric,  railway,  and  aerodrome  works.  Also 
office  and  teaching  work  on  hydraulic  designs  and 
investigations,  reinforced  concrete,  bridge  foundations 
and  caissons.  Location  immaterial.  Available  at  once. 
Apply  to  Box  No.  447-W. 

SALES  ENGINEER,  m.a.bc.  Univ.  of  Toronto,  wishes  to 
represent  firm  selling  building  products  or  other  engineer- 
ing commodities,  as  their  representative  in  Western 
Canada.  Located  in  Winnipeg.  Apply  to  Box  No. 
467-W. 


Situations  Wanted 

MECHANICAL  ENGINEER,  b.sc.  Age  31.  Married. 
Last  ten  years  includes: — Mechanical  structural  and 
reinforced  concrete  design  in  pulp  and  paper  mills, 
industrial  plants,  hydro-electric,  mine,  sewers  and 
sewage  disposal  plant  construction.  My  experience  also 
includes  shop  production,  steam  plant  combustion,  fuel 
analysing,  inspecting,  supervising  and  instrument  work 
on  industrial  construction.  Permanent  position  pre- 
ferred.    Apply  to  Box  No.  521-W. 

CIVIL  ENGINEER,  Canadian,  married,  twenty-five 
years  technical  and  executive  experience,  specialized 
knowledge  of  industrial  housing  problems  and  the 
administration  of  industrial  towns,  also  town  planriing 
and  municipal  engineering,  desires  new  connection. 
Available  on  reasonable  notice.  Personal  interview 
sought.     Apply  to  Box  No.  544-W. 

ELECTRICAL  AND  MECHANICAL  ENGINEER, 
B.sc,  A.M.B.I.C.  Experience  includes  C.G.E.  Students' 
Test  Course  and  six  years  in  engineering  dept.  of  same 
company  on  design  of  electrical  equipment.  Four 
summers  as  instrumentman  on  surveying  and  highway 
construction.  Several  years  experience  in  accounting 
previous  to  attending  university.  Desires  position  with 
industrial  concern  where  the  combination  of  technical 
and  business  experience  will  be  of  value.  Apply  to 
Box  No.  564-W. 


Employment  Activities 

The  attention  of  members  is  called  to 
the  reports  of  The  Institute  Committee 
on  Unemployment  and  of  the  Employ- 
ment Service  Bureau  which  appear  on 
pages  90  and  91  of  the  February,  1935, 
issue  of  The  Journal. 

These  reports  show  considerably  im- 
proved conditions  over  those  reported 
during  the  past  few  years. 


MECHANICAL  ENGINEER,  a.m.e.i.c.  Experienced 
on  plant  maintenance,  steel  plant,  cement  plant  and 
mining  plants.  Available  on  short  notice.  Apply  to 
Box  No.  571-W. 

DOMINION  LAND  SURVEYOR,  and  graduate  engineer 
with  extensive  experience  on  legal,  topographic  and 
plane-table  surveys  and  field  and  office  use  of  aero- 
photographs,  desires  employment  either  in  Canada  or 
abroad.    Available  at  once.    Apply  to  Box  No.  589-W. 

CHEMICAL  ENGINEER,  s.e.i.c,  b.sc.  University  of 
Alberta,  '30.  Age  31.  Single.  Six  seasons  practical 
laboratory  experience,  three  as  chief  chemist  and  three 
as  assistant  chemist  in  cement  plant;  one  year's  p.g. 
work  in  physical  chemistry;  three  years  experience 
teaching.  Desires  position  in  any  industry  with  chemical 
control.  Available  immediately.  Apply  to  Box.  No. 
609-W. 

DESIGNING  ENGINEER  AND  ESTIMATOR,  grad. 
Univ.  of  Toronto  in  C.E.,  a.m.e.i.c,  twenty  years 
experience  in  structural  steel,  construction  and  munic- 
ipal work.  Available  at  once.  Apply  to  Box  No. 
613-W. 

CIVIL  ENGINEER,  a.m.e.i.c,  r.p.e.,  Ontario;  three 
years  construction  engineer  on  industrial  plants;  fourteen 
years  in  charge  of  construction  of  hydraulic  power 
developments,  tower  lines,  sub-stations,  etc.;  four 
years  as  executive  in  charge  of  construction  and  develop- 
ment of  harbours,  including  railways,  docks,  warehouses, 
hydraulic  dredging,  land  reclamation,  etc.  Apply  to 
Box  No.  647-W. 

ELECTRICAL  ENGINEER,  b.sc.  in  E.E.  (Univ.  of 
Man..  '30).  Age  25.  Two  year  Can.  Westinghouse 
Apprentice  Course.  Depts.— -Switchboard  assembly, 
general  draughting  office,  switchboard  engineering, 
test  office.  One  year's  experience  since  then  designing 
and  rewinding  small  motors  and  transformers.  Loca- 
tion immaterial.     Apply  to  Box.  No.  651-W. 


ELECTRICAL  ENGINEER,  Univ.  Grad.  1928.  Two 
years  Students'  apprenticeship  at  Can.  Westinghouse 
Co..  including  test  and  electrical  machine  design.  Also 
about  two  years  experience  in  operating  dept.  of  large 
electrical  power  organization.  Available  on  short 
notice.    Apply  to  Box  No.  660  W. 


ELECTRICAL  AND  RADIO  ENGINEER,  b.sc.  '30. 
Variously  engaged  on  receiver  development  work,  test- 
ing, and  transformer  development,  under  direction. 
More  recent  experience  includes  transmitter  test  room 
procedure  and  short  wave  beam  transmission  engineer 
ing.    For  further  information  apply  to  Box  No.  680- W. 


DIESEL  ENGINEER.  Erection  and  industrial  engineer, 
A.M.E.I.C,  technically  trained  mechanical  engineer 
with  English  and  Canadian  experience  in  erection  and 
operation  of  steam  and  Diesel  equipment  in  power 
house  and  mines,  pumping,  rook  drilling,  air  com- 
pressors. Experienced  in  industrial  and  steel  works 
operations  including  rolling  mills,  quarries,  sales.  Open 
for  position  on  maintenance,  operation  or  sales  engineer. 
Location  immaterial.     Apply  to  Box  No.  682-W. 


MECHANICAL  AND  STRUCTURAL  ENGINEER. 
Six  years  experience  with  prominent  manufacturer, 
designing,  he?-ting  and  power  boilers,  boiler  installations, 
coal  and  ash  handling  equipment.  Good  practical  knowl- 
edge of  steel  plate  work  welding.  Abo  wide  experience 
in  designing,  estimating  and  detailing  structural  steel 
for  buildings  and  bridges.  Good  education.  Have  held 
position  of  responsibility.  Above  can  be  verified  by 
best  of  references.  Available  at  once.  Apply  to  Box 
No.  692-W. 


ELECTRICAL  AND  CIVIL  ENGINEER,  b.sc.  Elec. 
'29,  B.sc,  Civil  '33.  Age  27.  jr.E.i.c  Undergraduate 
experience  in  surveying  and  concrete  foundations;  also 
four  months  with  Canadian  General  Electric  Co.  Thirty- 
three  months  in  engineering  office  of  a  large  electrical 
manufacturing  company  since  graduation.  Good 
experience  in  layouts,  switching  diagrams,  specifica- 
tions and  pricing.  Best  of  references.  Available  im- 
mediately.    Apply  to  Box  No.  693-W. 


MECHANICAL  ENGINEER,  b.sc,  '27,  jr.E.i.c  Four 
years  maintenance  of  high  speed  Diesel  engines  units, 
200  to  1,300  h.p.  Also  maintenance  of  D.C.  and  A.C. 
electrical  systems  and  machinery.  Draughting  expe- 
rience. Westinghouse  apprenticeship  course.  Practical 
mechanical  and  electrical  engineer  with  a  special  study 
of  high  speed  Diesel  engine  design,  application  and 
operation.  Location  in  western  or  eastern  Canada 
immaterial.     Apply  to  Box  No.  703-W. 


COMBUSTION  ENGINEER,  r.p.b.,  Manitoba, 
A.M.E.I.C.  Wide  experience  witli  all  classes  of  fuels. 
Expert  designer  and  draughtsman  on  modern  steam 
power  plants.  Experienced  in  publicity  work.  Well 
known  throughout  the  west.  Location,  Winnipeg  or 
the  west.  Available  at  once.   Apply  to  Box  No.  713- W. 


ELECTRICAL  ENGINEER,  b.sc.  University  of  N.B., 
'31.  Experience  includes  three  months  field  work  with 
Saint  John  Harbour  Reconstruction.  Apply  to  Box  No. 
722-W. 


MECHANICAL  ENGINEER,  age  41,  married.  Eleven 
years  designing  experience  with  project  of  outstanding 
magnitude.  Machinery  layouts,  checking,  estimating 
and  inspecting.  Twelve  years  previous  engineering, 
including  draughting,  machine  shop  and  two  years 
chemical  laboratory.  Highest  references.  Apply  to 
Box  No.  723-W. 


CIVIL  ENGINEER,  b.sc.  (Alta.  '31),  s.e.i.c.  Experience 
includes  three  seasons  in  charge  of  survey  party.  Tran- 
sitman  on  railway  maintenance,  and  concrete  bridge 
designing.  Nature  of  work  and  location  immaterial. 
Apply  to  Box  No.  724-W. 


YOUNG  CIVIL  ENGINEER,  b.sc.  (Univ.  of  N.B.  '31), 
with  experience  as  rodman  and  checker  on  railroad 
construction,  is  open  for  a  position.  Apply  to  Box  No. 
728-W. 


DESIGNING  ENGINEER,  m.sc.  (McGill  Univ.),  d  l.s., 
A.M.E.I.C,  P.E.Q.  Experience  in  design  and  construction 
of  water  power  plants,  transmission  lines,  field  in- 
vestigations of  storage,  hydraulic  calculations  and 
reports.  Also  paper  mill  construction,  railways,  high- 
ways, and  in  design  and  construction  of  bridges  and 
buildings.  Available  at  once.  Apply  to  Box.  No. 
739-W. 


MECHANICAL  ENGINEER,  s.e.i.c,  b.a.sc.  Univ. 
of  B.C.  '30.  Single,  age  24.  Sixteen  months  with  the^ 
AUis-Chalmers  Mfg.  Co.  as  student  engineer.  Ex- 
perience includes  foundry  production,  erection  and 
operation  of  steam  turbines,  erection  of  hydraulic  ma- 
chinery, and  testing  texropes  and  centrifugal  pumps. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  735-W. 
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Situations  Wanted 

RADIO  AND  ELECTRICAL  ENGINEER,  b.sc.  '31, 
B.E.i.c.  Age  27.  Experience  in  installation  of  power 
and  lighting  equipment.  Temporary  operator  in  radio 
■tation;  etudio  experience  with  part  time  announcing. 
Two  summers  in  switchboard  and  installation  depart- 
ment of  telephone  company,  eight  months  on  extensive 
survey  layouts.  Interested  in  sales  work  of  electrical 
or  radio  equipment.  Available  on  short  notice.  Location 
immateriaL     Apply  to  Box  No.  740-W. 

CIVIL  ENGINEER,  b.sc.  '29,  a.m.e.i.c.  Married.  One 
year  building  construction.  One  year  hydro-electric 
construction  in  South  America,  eighteen  months  resident 
engineer  on  highway  construction,  one  year  on  harbour 
design  and  construction.  Working  knowledge  of 
Spanish.     Apply  to  Box  No.  744-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc  Queen's  Univ.  '29. 
Age  25.  Married.  Three  years  experience  as  con- 
struction supt.  and  estimator  for  contracting  firm. 
Experience  includes  general  building,  bridges,  sewer 
work,  concrete,  boiler  settings,  sand  blasting  of  bridges 
and  spray  painting.  Available  at  once.  Apply  to  Box 
No.  776-W. 

CIVIL  ENGINEER,  b.sc,  '25,  jr.E.i.c,  p.E.q..  married. 
Desires  position,  preferably  with  construction  firm. 
Experience  includes  railway,  monument  and  mill 
buUding  construction.  Available  immediately.  Apply 
to  Box  No.  780-W. 

DRAUGHTSMAN,  experience  in  civil  engineering, 
forestry  engineering,  land  surveying  and  house  con- 
struction.   Good  references.   Apply  to  Box  No.  781-W. 

ELECTRICAL  AND  SALES  ENGINEER,  s.e.i.c.  grad. 
'28.  Experience  includes  one  year  test  course,  one  year 
switchboard  design  and  two  years  switchboard  and 
switching  equipment  sales  with  large  electrical  manufac- 
turing company.  Three  summers  Pilot  Officer  with 
R  C.A.F.  Available  at  once.  Apply  to  Box  No.  788-W. 

ELECTRICAL  ENGINEER  desires  position  as  engineer 
or  manager  for  industrial  plant  or  factory.  Over  ten 
years  diversified  electrical  and  mechanical  experience  in 
the  industrial  field.   Apply  to  Box  No.  795-W. 

CIVIL  ENGINEER,  s.e.i.c,  graduate  '30,  age  23,  single. 
Experience  includes  mining  surveys,  assistant  on  high- 
way location  and  construction,  and  assistant  on  large 
construction  work.  Steel  and  concrete  layout  and 
design.     Apply  to  Box  No.  809-W. 

CIVIL  ENGINEER,  college  graduate,  age  27,  single. 
Experience  includes  surveying,  draughting,  concrete 
construction  and  design,  street  paving  both  asphalt 
and  concrete.  Available  at  once;  will  consider  any- 
thing and  go  anywhere.     Apply  to  Box  No.  816-W. 

CIVIL  ENGINEER,  b.e.  (Sask.  Univ.  '32).  s.e.i.c 
Single.  Experience  in  city  street  improvement;  sewer 
and  water  extensions.  Good  draughtsman.  References. 
Available  at  once.  Location  immaterial.  Apply  to  Box 
No.  818-W. 

CIVIL  ENGINEER,  b.sc,  a.m.e.i.c,  with  fifteen  years 
experience  mostly  in  pulp  and  paper  millwork,  reinforced 
concrete  and  structural  steel  design,  field  surveys,  layout 
of  mechanical  equipment,  piping.  Available  at  once. 
Apply  to  Box  No.  825-W. 

CIVIL  ENGINEER,  b.a.sc,  d.l.s.,  o.l.s.,  a.m.e.i.c, 
age  46,  married.  Twelve  years  experience  in  charge  of 
legal  field  surveys.  Owns  own  surveying  equipment. 
Eight  years  on  technical,  administrative,  and  editorial 
office  work.  Experienced  in  writing.  Desires  position 
on  survey  work,  assisting  in  or  in  charge  of  preparation 
of  house  organ,  on  staff  of  technical  or  semi-technical 
magazine,  or  on  publicity,  editorial  or  administrative 
office  work.  Available  at  once.  Will  consider  any  salary, 
and  any  location.     Apply  to  Box  No.  831-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc  '32  (Univ.  of  N.B.). 
Age  25,  Married.  Two  years  experience  in  power  line 
construction  and  maintenance;  one  year  of  highway 
construction;  one  summer  surveying  for  power  plant 
site,  location  and  spur  railway  line  construction.  Avail- 
able at  once.  Location  immaterial.  Apply  to  Box 
No.  840-W. 

CIVIL  ENGINEER,  b.sc.  '15,  a.m.e.i.c,  married,  exten- 
sive experience  in  responsible  position  on  railway  con- 
struction, also  highways,  bridges  and  water  supplies. 
Position  desired  as  engineer  or  superintendent.  Avail- 
able at  once.     Apply  to  Box  No.  841-W. 

CIVIL  ENGINEER,  b.sc  (Alta.  '31),  s.e.i.c.  age  24. 
Experience,  three  summers  on  railroad  maintenance, 
and  seven  months  on  highway  location  as  instrument- 
man.  Willing  to  do  anything,  anywhere,  but  would 
prefer  connection  with  designing  or  construction  firm 
on  structural  works.  Available  inunediately.  Apply  to 
Box  No.  846-W. 

BRIDGE  AND  STRUCTURAL  ENGINEER,  a.m.e.i.c, 
McGill.  Twenty-five  years  experience  on  bridge  and 
structural  staffs.  Until  recently  employed.  Familiar 
with  all  late  designs,  construction,  and  practices  in  all 
Canadian  fabricating  plants.  Desirous  of  employment 
in  any  responsible  position,  sales,  fabrication  or  con- 
struction.    Apply  to  Box  No.  851-W. 

STRUCTURAL  ENGINEER,  b.a.sc,  a.m.e.i.c  Twenty- 
two  years  expedience  in  design  of  bridges  and  all  types 
of  buildings  in  structural  steel  and  reinforced  concrete. 
Three  years  experience  in  railway  construction  and 
land  surveying.     Apply  to  Box  No.  856-W. 


Situations  Wanted 

MECHANICAL  ENGINEER,  b.sc  '32,  s.e.i.c  Good 
draughtsman.  Undergraduate  experience: — One  year 
moulding  shop  practice;  two  years  pipe  fitting  and  sheet 
metal  work;  one  year  draughting  and  tracing  on  paper 
mill  layout;  six  months  machine  shop  practice;  and 
eight  months  fuel  investigation  and  power  heating 
plant  testing.  Desires  position  offering  experience  in 
steam  power  plants  or  beating  and  ventilating  design. 
Will  go  anywhere.     Apply  to  Box  No.  858- W. 

MECHANICAL  ENGINEER,  age  31.  graduate  Sheffield 
(England)  1921;  apprenticeship  with  firm  manufacturing 
steam  turbine  generators  and  auxiliaries  and  subsequent 
experience  in  design,  erection,  operation  and  inspection 
of  same.  Marine  experience  b.o.t.  certificate  thoroughly 
conversant  with  Canadian  plants  and  equipment.  Avail- 
able on  short  notice.    Any  location.    I3ox  No.  860-W. 

CHEMICAL  ENGINEER,  b.sc  (McGill  '21),  a.m.e.i.c. 
age  36,  married;  three  years  since  graduation  with  pulp 
and  paper  mills;  eight  years  in  shops,  estimating  and 
sales  divisions  of  well-known  gas  engineering  and  con- 
struction companies  in  the  United  States.  Excellent 
references.  Available  on  short  notice.  Apply  to  Box 
No.  866-W. 

CONSTRUCTION  ENGINEER  (Toronto  Univ.  of  '07). 
Experience  includes  hydro-electric,  municipal  and  rail- 
road work.  Available  immediately.  Location  imma- 
terial.    Apply  to  Box.  No.  886-W. 

ELECTRICAL  ENGINEER,  graduate  1929,  s.e.i.c. 
Single.  Experience  includes  two  years  with  electrical 
manufacturing  concern  and  one  on  highway  construction 
work.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  887-W. 

AGENCIES  WANTED.  Young  engineer,  b.a.sc  in  CE., 
with  business  and  sales  experience,  speaking  fluent 
French,  would  consider  representing  a  firm  as  agent 
for  Montreal  or  the  province  of  Quebec  Apply  to  Box 
No.  891-W. 

ELECTRICAL  ENGINEER,  grad.  Univ.  of  N.B.  '31. 
Experienced  in  surveying  and  draughting,  requires 
position.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  893-W. 

CIVIL  ENGINEER,  b.a.sc,  jr.E.i.c,  age  29,  single. 
Experience  includes  two  years  in  pulp  mill  as  draughts- 
man and  designer  on  additions,  maintenance  and  plant 
layout.  Three  and  a  half  years  in  the  Toronto  Buildings 
Department  checking  steel,  reinforced  concrete,  and 
architectural  plans.  Available  at  once.  Location  im- 
material. At  present  in  Toronto.  Apply  to  Box  No. 
899-W. 

DESIGNING  ENGINEER,  a.m.e.i.c.  Permanent  and 
executive  position  preferred  but  not  essential.  Fifteen 
years  experience  in  designing  power  plants,  engine 
and  fan  rooms,  kitchens  and  laundries.  Thoroughly 
familiar  with  plumbing  and  ventilating  work,  pneu- 
matic tubes,  and  refrigeration,  also  heating,  electrical 
work,   and  specifications.     Apply   to  Box   No.   913-W. 

CIVIL  ENGINEER,  b.sc,  o.p.e.  Experience  includes 
several  years  on  municipal  work-design  and  construction 
of  sewers,  steel  and  concrete  bridges,  watermains  and 
pavements.  Available  at  once.  Apply  to  Box  No. 
950-W. 

CIVIL  ENGINEER,  b.sc  (Univ.  of  Sask.  '33),  s.e.i.c, 
age  28,  single.  Experience  in  testing  hydro-electric 
equipment,  draughting,  surveying,  city  street  improve- 
ments, technical  photography.  Available  at  once.  Lo- 
cation immaterial.     Apply  to  Box  No.  986-W. 

ELECTRICAL  ENGINEER,  s.e.i.c,  b.sc,  (N.S.  Tech. 
Coll.,  '33),  desires  work.  Experience  in  transmission  line 
construction.  Location  or  class  of  work  immaterial. 
Apply  to  Box  No.  1010-W. 

ENGINEER  SUPERINTENDENT,  age  44.  Engineering 
and  business  training,  executive  ability,  tactful,  ener- 
getic. Had  charge  of  several  large  projects.  Intimate 
knowledge  of  costs  and  prices,  reports  and  estimates. 
Available  immediately.  Any  location.  Apply  to  Box 
No.  1021-W. 

CIVIL  ENGINEER,  b.sc  (Queen's,  '14),  a.m.e.i.c,  Do- 
minion Land  Surveyor,  5  months  special  course  at  the 
University  of  London,  England,  in  municipal  hygiene 
and  reinforced  concrete  construction.  Experience 
covers  legal  and  topographic  surveys,  plane  tabling  and 
stadia  surveying,  railway  and  highway  construction, 
drainage  and  excavation  work.  Available  at  once. 
Apply  to  Box  No.  1035-W. 

ELECTRICAL  ENGINEER  AND  GEOPHYSICIST. 
Age  36.  Married.  Seven  years  experience  in  geophysi- 
cal exploration  using  seismic,  magnetic  and  electrical 
methods.  Two  years  experience  with  the  Western 
Electric  Company  of  Chicago,  working  on  equipment 
and  magnetic  materials  research.  Experienced  in  radio 
and  telephone  work,  also  specializing  in  precise  electrical 
measurements,  resistance  determinations,  ground  po- 
tentials and  similar  problems  of  ground  current  dis- 
tribution.    Apply  to  Box  No.  1063-W. 

ELECTRICAL  ENGINEER,  b.a.sc  Univ.  Toronto  '28. 
Experience  includes  Can.  Gen.  Elec  Co.  Test  Course. 
Also  more  than  two  years  in  the  engineering  dept.  of 
the  same  company.  Available  on  short  notice.  Pre- 
ferred location  central  or  eastern  Canada.  Apply  to 
Box  No.  1075-W. 


Situations  Wanted 

ELECTRICAL  ENGINEER,  b.sc  Married.  Eight 
years  electrical  experience,  including  operation,  main- 
tenance and  construction  work,  electrical  design  work 
on  large  power  development,  mechanical  ability,  ex- 
perienced photographer,  employed  in  electrical  capacity 
at  present.  Available  on  reasonable  notice.  Apply  to 
Box  No.  1076-W. 

GRADUATE  IN  MECHANICAL  ENGINEERING, 
1927,  desires  opportunity  in  Diesel  engine  field,  pre- 
ferably in  design  and  development  work.  Skilled 
draughtsman  and  clever  in  design.  Familiar  with  basic 
theories  of  the  Diesel  engine  and  in  touch  with  recent 
developments  and  applications.  Anxious  to  obtain  a 
foothold  with  up-to-date  company.  No  objection  to 
shopwork  or  other  duties  as  a  start  but  would  prefer 
shopwork  and  assembly  if  possible.  Apply  to  Box  No. 
1081-W. 

CIVIL  ENGINEER,  b.sc,  Sask.  '30.  s.e.i.c  Age  24 
years.  Experience  in  municipal  engineering,  including 
sewer  and  water  construction,  sidewalk  construction, 
paving,  storm  sewer  design,  draughting,  precise  levelling, 
and  reinforced  concrete  bridge  construction.  Unmar- 
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SUMMARY. — The  work  of  the  Commission's  department  of  testing  inspection  and  research  is  described,  including  the  inspection  and  testing  of  ma- 
terials and  equipment  for  the  use  of  the  Commission,  the  investigation  of  technical  problems  arising  in  the  Commission's  work  and  the  approval  of  electrical 
equipment  for  use  under  the  Canadian  Electrical  Code. 
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Practically  all  large  electrical  power  companies  have 
laboratories  which  carry  on  testing  and  research  in  varying 
degrees  depending  upon  the  size  of  the  organization. 
These  departments  have  been  established  to  supply  a 
variety  of  services,  among  which  are  the  following: 

(a)  The  determination  of  quality  of  material  and 
equipment  submitted  for  purchase,  and  its  com- 
pliance with  guarantees. 

The  application  of  special  knowledge  in  physics, 
mathematics  and  chemistry  to  practical  problems 
encountered  in  construction  and  operation. 
The  control  of  quality  of  material  and  equipment 
in  service  by  periodic  tests  and  inspections  which 
will  detect  signs  of  failure. 

The  furnishing  of  technical  information  based  on 
special  studies  within  the  capabilities  of  the  equip- 
ment and  staff. 

These  demands  imply  the  existence  of  testing  equip- 
ment and  of  a  staff  trained  in  test  methods  and  the  handl- 
ing of  instruments,  and  permitted  to  devote  their  energies 
to  more  specialized  and  scientific  studies  than  those  en- 
gineers wholly  engaged  in  the  problems  of  design,  construc- 
tion and  operation  of  power  systems.  The  logical  and 
economical  method  of  providing  these  services  is  to  cen- 
tralize staff  and  equipment  in  a  single  department.  Hence 
the  existence  of  testing  and  research  laboratories  in  power 
companies.  These  departments  have  almost  without  ex- 
ception dated  from  the  beginning  of  the  organizations  they 
serve,  and  their  evolution  has  kept  pace  with  the  growth 
of  the  parent  organizations. 

The  Testing  and  Research  Laboratories  of  the  Com- 
mission developed  in  a  manner  somewhat  similar  to  that 
just  outlined.  Shortly  after  the  Commission  completed  its 
original  construction  programme  and  began  supplying 
power,  equipment  for  testing  lamps  was  installed  in  the 
Strachan  avenue  terminal  station.  This  was  in  1911.  The 
intention  of  the  Commission  was  to  assist  the  municipalities 
in  the  purchasing  of  lamps,  and  this  activity  has  continued 
to  be  an  important  function  of  the  department.   From  this 


beginning  the  department  has  grown  and  now  occupies 
about  29,000  square  feet  in  the  service  building  on  Strachan 
avenue.  A  wide  range  of  equipment  is  available  for  mak- 
ing electrical,  physical,  chemical,  metallurgical  and  photo- 
metric tests.  Many  parts  of  this  have  been  developed  and 
constructed  in  the  laboratory.  The  work  of  the  depart- 
ment is  not  confined  to  the  laboratory,  but  the  duties  of 
the  staff  take  them  on  occasions  to  all  parts  of  the  systems. 

The  first  duty  of  the  department  is  to  furnish  a  testing 
and  inspection  service  to  the  other  departments  of  the 
Commission  and  to  the  municipalities.  The  Commission 
has  always  followed  the  general  policy  of  making  important 
purchases  in  accordance  with  strict  specifications,  and  it  is 
the  task  of  the  laboratory  to  determine  whether  or  not 
material  and  equipment  submitted  for  purchase  conforms 
with  the  requirements  of  the  specifications.  The  services 
of  the  laboratory  are  also  demanded  in  connection  with 
the  maintenance  of  equipment  and  the  operation  of  the 
systems,  and  a  large  portion  of  the  routine  testing  is  at 
present  concerned  with  operating  problems. 

During  periods  of  active  construction,  the  work  nat- 
urally increases  in  volume.  This  portion  of  it,  however, 
varies  from  year  to  year  depending  upon  the  amount  of 
construction  work  under  way.  The  portion  arising  in 
operating  problems,  however,  is  of  a  more  permanent 
character  and  shows  a  steady  growth  from  year  to  year. 
This  is  fortunate  since  it  enables  the  department  to  retain 
a  minimum  permanent  staff  thoroughly  conversant  with 
the  organization  and  its  methods  of  operation.  The  value 
of  this  is  self-evident. 

The  research  work  carried  on  has  a  distinctly  practical 
aspect,  since  it  is  concerned  of  necessity  with  problems 
which  arise  in  the  construction  and  operation  of  the  Com- 
mission's systems.  Problems  of  a  purely  scientific  nature 
are  left  to  universities  and  scientific  institutions.  Even 
with  these  limitations,  however,  its  scope  is  sufficient  to 
embrace  a  wide  field  in  engineering  theory  and  practice 
and  in  the  properties  of  materials. 

Demands  are  continually  being  made  upon  the  depart- 
ment to  furnish  information  of  a  scientific  nature,  and  it 
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thus  serves  as  a  clearing  house  for  the  different  depart- 
ments in  the  interchange  of  technical  information  beyond 
the  scope  of  ordinary  requirements. 

The  functions  of  the  department  may  thus  be  briefly 
stated  by  saying  that  it  is  required  to  assist  the  Com- 
mission in  securing  material  and  equipment  of  good  quality, 
in  maintaining  this  equipment  in  good  condition  after  it 
has  been  installed,  and  in  furnishing  a  variety  of  services 


Fig.  1 — Service  Building,  Strachan  Avenue,  Toronto. 

of  a  specialized  character.  At  the  same  time,  it  has  an 
executive  standing  based  upon  the  policy  of  the  Commission 
in  co-ordinating  activities  connected  with  testing  and 
research  within  one  department.  Thus  the  testing  and 
inspection  of  materials  is  carried  on  only  by  the  Lab- 
oratories, and  the  research  work  carried  on  in  the  Com- 
mission is  under  the  direction  of  the  department. 
The  Approvals  Laboratory 
The  department  carries  on  another  important  function 
not  directly  connected  with  the  construction  and  operating 
problems  of  the  Commission.  This  is  the  approval  testing 
of  electrical  equipment  which  is  complementary  to  the 
inspection  of  electric  wiring  and  installations  carried  on 
by  the  Commission  under  Section  80  of  the  Power  Com- 
mission Act.  No  attempt  will  be  made  here  to  describe 
this  work  in  detail.  It  involves  laboratory  testing,  inspec- 
tion in  factories,  and  a  great  deal  of  field  work  in  checking 
the  quality  of  electrical  appliances  sold  to  the  public.  It 
was  undertaken  by  the  Commission  as  a  matter  of  necessity 
about  sixteen  years  ago.  The  regulations  of  the  Commission 
required  that  such  materials  and  equipment  should  con- 
form to  a  minimum  safety  standard  and  this  involved  the 
testing  of  the  equipment.  The  only  organization  then 
furnishing  a  testing  service  of  this  kind  was  Underwriters' 
Laboratories  of  Chicago,  and  since  its  approval  was  not 
obhgatory  in  the  United  States  much  equipment  of  Amer- 
ican origin  offered  for  sale  in  Ontario  did  not  bear  its 
approval.  The  Commission  accordingly  decided  to  make 
use  of  its  existing  laboratory  for  the  purpose  of  controlling 
the  quality  of  this  equipment.  The  work  was  carried  on 
essentially  in  the  same  manner  as  by  Underwriters'  Lab- 
oratories, and  its  effects  were  soon  apparent  in  the  improve- 
ment in  safety  characteristics  of  equipment  offered  to  the 
public  of  Ontario.  The  commencement  of  the  Commission's 
activity  in  this  connection  synchronized  with  another  move- 
ment which  was  destined  to  prove  of  great  importance  to 
the  electrical  industry  of  Canada.  The  demand  for  a 
uniform  set  of  rules  governing  electrical  wiring  and  installa- 
tions which  would  be  acceptable  all  over  Canada  resulted 
in  the  organization  of  a  committee  under  the  auspices  of 
the  Canadian  Engineering  Standards  Association — then 
recently  formed — ^to  prepare  such  a  set  of  rules.  This 
resulted  in  1927  in  the  appearance  of  the  first  edition  of 


the  Canadian  Electrical  Code.  Following  this  legislation 
was  passed  in  all  provinces  of  Canada  providing  for  provin- 
cial control  of  the  inspection  of  electrical  installations  and 
in  many  cases  also  the  control  of  the  sale  of  appliances  to 
the  public.  The  last  province  to  enact  such  legislation  was 
Prince  Edward  Island  in  1932.  These  regulations  involved 
the  approval  of  appliances  and  the  Code  accordingly  defined 
"approval"  and  recognized  Underwriters'  Laboratories,  the 
Laboratories  of  the  Hydro-Electric  Power  Commission, 
and  a  Dominion  government  laboratory  when  such  should 
be  established.  The  adoption  of  the  Canadian  Electrical 
Code  produced  an  increased  demand  upon  the  services  of 
the  Commission's  Approvals  Laboratory,  and  following  the 
withdrawal  in  1932  by  Underwriters'  Laboratories  of  its 
electrical  testing  service  from  Canada  all  Canadian  manu- 
facturers of  electrical  equipment  since  have  made  use  of 
the  Commission's  service.  The  National  Research  Council 
has  established  research  laboratories  in  Ottawa  and  has 
been  requested  by  various  provincial  departments  to  set  up 
safety  standards  and  to  approve  apparatus.  The  question 
of  the  future  of  the  electrical  approval  testing  work  is  now 
under  discussion  between  the  Council  and  the  Commission. 

The  procedure  followed  by  a  manufacturer  in  obtaining 
approval  involves  the  submission  of  representative  samples 
of  his  product  to  the  laboratory,  where  they  are  examined 
to  determine  compliance  with  specifications  in  which 
minimum  safety  requirements  are  set  forth.  When  the 
laboratory  is  satisfied  that  the  equipment  conforms  with 
the  specifications,  a  report  describing  the  equipment  and 
the  tests,  and  recommending  approval,  is  prepared  and 
circulated  to  a  committee  of  about  thirty  members  located 
in  all  parts  of  the  country  and  including  electrical  inspectors, 
underwriters,  contractors,  fire  marshals,  engineers  and  others 
interested  in  the  enforcement  of  safety  regulations  and  com- 
petent to  pass  upon  the  reports.  Upon  the  acceptance  of 
the  recommendations  of  the  laboratory  by  the  committee, 
the  equipment  is  listed  as  approved.  The  manufacturer 
then  signs  an  agreement  with  the  laboratory  whereby  he 
undertakes  to  manufacture  the  product  approved  in 
duplicate  of  the  sample  submitted,  and  to  pennit  the 
laboratory  to  make  periodic  inspections  in  his  factory  in 
order  to  determine  whether  or  not  this  is  being  done.  The 
laboratory  publishes  a  list  of  approved  equipment  and 
circulates  it  to  all  inspection  offices  in  the  country  and  to 
officials  connected  with  the  enforcement  of  sales  control 
regulations.  The  specifications  governing  the  tests  were 
formerly  prepared  by  the  laboratory  in  co-operation  with 
the  manufacturers,  but  this  work  is  now  being  done  under 
the  auspices  of  the  Canadian  Engineering  Standards  Asso- 
ciation by  committees  composed  of  laboratory  represent- 
atives, manufacturers  and  others.  The  Canadian  Engi- 
neering Standards  Association  issues  the  specifications,  which 
are  then  adopted  by  the  laboratory  and  enforced  in  the 
same  way  as  the  provisions  of  the  installation  rules  of  the 
Canadian  Electrical  Code.  The  cost  of  the  approval 
service  is  borne  by  the  manufacturers  in  the  payment 
of  fees  both  for  approval  testing  and  for  periodic  re-examina- 
tion. Approved  equipment  may  be  identified  either  by 
labels  supplied  by  the  laboratory  or  by  reference  to  the 
approved  list  of  equipment. 

This  brief  summary  describes  only  the  principal 
features  of  this  work,  which  entails  a  vast  amount  of 
detail  both  in  testing  and  inspection,  and  in  the  keeping 
of  records.  The  last  edition  of  the  list  of  approved  equip- 
ment contains  the  names  of  fourteen  hundred  and  forty- 
three  manufacturers  located  in  Canada,  the  United  States, 
Europe  and  Japan. 

Testing  and  Inspection 

The  nature  of  the  testing  and  inspection  work  has 
been  indicated  above,  and  a  large  portion  of  it  is  con- 
nected with  routine  operations  and  special  problems  en- 
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countered  in  maintenance  and  operation.  During  the  fiscal 
year  ending  October  31st,  1934,  over  forty-six  thousand 
tests  were  made  in  the  laboratories  including  electrical, 
chemical,  physical,  mechanical  and  photometric.  During 
the  same  period  the  factory  inspection  included  steel  for 
all  purposes,  transmission  line  conductors,  turbines,  genera- 
tors, transformers,  circuit  breakers,  and  other  equipment. 
The  examples  given  below  have  been  chosen  as  typical  of 


Fig, 


2 — Machine  for  Making  Endurance  Tests  on  Sockets, 
Switches,  etc. 


the  method  of  carrying  on  the  work  of  testing  and  inspec- 
tion and  will  indicate  its  extent.  It  should  be  pointed  out 
that  an  effort  is  continually  being  made  in  this  work  to 
maintain  a  proper  economic  balance,  and  that  the  com- 
pleteness of  the  inspection  depends  upon  the  size  of  the 
equipment  or  of  the  development,  and  the  decision  to 
inspect  a  particular  item  is  reached  after  consultation 
with  the  Engineering  Department  having  due  regard  to 
the  cost  of  the  equipment,  its  importance  in  the  scheme 
of  operation,  and  the  consequence  of  its  failure  in  service. 
Accordingly,  it  is  often  necessary  to  inspect  a  very  small 
and  apparently  insignificant  item  of  equipment,  because 
its  failure  in  service  might  involve  the  shutting  down  of 
a  huge  generator  for  a  considerable  period  of  time,  and  the 
consequent  loss  of  revenue  to  the  Commission  or  the  in- 
terruption of  service  to  a  large  section  of  the  community. 
This,  of  course,  must  be  avoided  as  far  as  humanly  possible. 
On  the  other  hand,  relatively  large  items  are  sometimes 
accepted  without  complete  inspection.  This  acceptance  is 
based  on  the  department's  knowledge  of  conditions  in  the 
shops  as  well  as  upon  other  factors,  such  as  the  exigencies 
of  the  construction  programme. 

In  the  construction  of  power  developments  both 
mechanical  and  electrical  equipment  is  required  in  large 
quantities. 

The  department  first  assists  the  Engineering  Depart- 
ment in  the  preparation  of  specifications,  particularly  in 
matters  involving  the  properties  of  materials  or  charac- 
teristics of  equipment.  The  fabrication  of  the  equipment 
is  followed  as  closely  as  possible  in  the  shop  and  when 
the  development  is  large  enough  to  warrant  it,  inspectors 
are  stationed  in  the  shops. 

Turbines  and  generators  require  close  and  detailed 
inspection  covering  all  phases  of  manufacture  and  erection 
from  the  time  the  castings  and  forgings  are  made  until  the 
machines  are  finally  assembled  and  ready  for  service.  This 
work  calls  for  the  services  of  experts  thoroughly  trained 
in  the  actual  inspection  and  intimately  acquainted  with 
the  conditions  under  which  the  machines  will  be  used. 

An  inspector  is  present  to  witness  the  behaviour  of 
the  metal  during  the  pouring  of  castings  and  the  forging 


of  ingots  for  runners,  frames,  bearing  brackets,  shafts  and 
other  large  sections  used  in  powerhouse  units.  Later, 
these  are  examined  in  the  "green"  condition  and  also  after 
annealing  and  heat  treating  to  detect  cracks,  slag  holes 
and  similar  defects.  Physical  tests  are  made  in  the  manu- 
facturers' shops  and  samples  of  the  metal  are  given  micro- 
scopic examinations  at  the  laboratory  to  determine  the 
character  of  the  crystal  structure.  Important  machining 
and  welding  operations  are  carefully  scrutinized  and  rigid 
checks  on  shaft  dimensions  and  alignment  are  required 
before  release  is  granted  for  shipment  to  the  field. 

Circuit  breakers  and  transformers  are  similarly  in- 
spected in  the  shop  to  ensure  that  they  are  electrically 
and  mechanically  perfect.  This  involves  inspection  of  tank 
welds,  checking  of  dimensions,  dielectric  tests  and  frequently 
the  determination  of  speed  of  operation. 

The  final  acceptance  of  a  generating  unit  is  based 
upon  tests  made  after  erection.  A  field  acceptance  test  on 
a  large  unit  is  an  engineering  project  of  some  difficulty 
and  of  great  importance,  requiring  a  staff  of  engineers 
and  assistants  and  often  consuming  several  weeks.  It  in- 
cludes the  determination  of  turbine  and  generator  efficiency 
and  of  temperature  rise  under  load;  the  application  of 
specified  dielectric  tests  to  the  generator  insulation;  the 
observation  of  performance  under  overspeed  and  sudden 
short  circuit  conditions;  and  the  application  of  many  other 
tests  designed  to  reveal  any  defects  still  existing  in  the 
equipment. 

The  procedure  of  the  Commission  in  inspecting  con- 
crete has  been  described  in  a  number  of  papers  by  mem- 
bers of  the  laboratory  staff.  It  is  in  outline  as  follows: 
When  a  power  development  is  projected  the  laboratory  is 
instructed  to  recommend  a  suitable  source  of  building 
materials.  This  involves  a  search  in  the  neighbourhood 
of  the  development  and  a  survey  of  available  deposits  of 
sand  and  gravel.  Test  pits  are  sunk,  samples  secured  and 
tested  at  the  laboratory.  When  a  suitable  source  has  been 
acquired,  preliminary  proportions  for  the  concrete  are  set 
by  laboratory  tests  and  an  inspector  trained  in  laboratory 
methods  is  stationed  in  the  field  and  provided  with  a  field 
laboratory  and  the  necessary  testing  equipment  if  the  job 


Fig.  3 — Equipment  for  Testing  Rubber  Gloves  and  Transformer 

Oils. 

is  large  enough  to  warrant  this  expense.  The  inspector 
follows  all  the  operations  of  mixing  and  placing  the  con- 
crete and  of  testing  its  quality  from  time  to  time  in  order 
to  obtain  compliance  with  the  strength  requirements  set 
by  the  design  department. 

Inspection  of  concrete  does  not  cease  with  the  com- 
pletion of  a  new  structure.  All  the  concrete  structures  of 
the    Commission   are   inspected    by   an    expert   from    the 
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laboratory  every  two  years  and  a  complete  record  of  these 
inspections  is  embodied  in  reports  in  which  necessary 
repairs  are  recommended.  The  Commission's  investment 
in  concrete  structures  is  many  millions  of  dollars,  and  this 
inspection  is  considered  essential  to  the  proper  maintenance 
of  these  structures. 

The  service  rendered  by  the  laboratory  in  controlling 
the  quality  of  materials  in  use  is  well  illustrated  in  the 
cases  of  linemen's  gloves,  oil,  and  paint. 
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Fig.  4 — Deterioration  of  Oils  in  Service. 

Gloves  are  purchased  under  rigid  specification  and 
every  glove  passes  through  the  laboratory  not  only  at  the 
time  of  its  purchase  but  periodically  thereafter,  in  accord- 
ance with  a  programme  determined  by  the  Accident 
Prevention  Department.  New  gloves  are  examined  and 
accepted  only  on  the  basis  of  compliance  with  the  specifica- 
tions. They  are  shipped  from  the  laboratory  after  test  in 
special  containers  bearing  laboratory  labels.  Periodic  re- 
tests  are  not  as  elaborate  as  the  acceptance  tests;  they 
involve  the  application  of  high  voltage  (10,000  volts  for 
one  minute)  and  a  visual  examination.  Frequently  a  glove 
is  rejected  even  though  it  passes  the  high  voltage  retest, 
because  of  mechanical  defects  which  in  the  judgment  of 
the  inspector  would  involve  a  hazard  to  the  user  and 
probable  failure  in  the  near  future. 

Oil  is  used  in  transformers  and  circuit  breakers,  both 
as  an  insulating  medium  and  a  cooling  agent.  Its  insulat- 
ing properties  are  seriously  affected  by  even  slight  traces 
of  moisture  and  other  impurities.  It  is  also  affected  in  a 
way  not  thoroughly  understood  by  high  temperatures  and 
by  electric  stress.  It  is  of  extreme  importance  that  its 
quality  be  maintained  and  that  evidence  of  failure  be 
detected  before  it  has  proceeded  far  enough  to  endanger 
the  equipment.  The  ('ommission  endeavours  to  maintain 
the  quality  of  oil  by  making  monthly  dielectric  tests  on 
samples  carefully  selected  from  all  high  tension  transformers 
and  circuit  breakers.  The  laboratory  makes  over  five 
thousand  tests  a  year.  If  moisture  or  impurities  are  de- 
tected the  equipment  from  which  the  sample  was  taken 
is  removed  from  service  and  the  oil  filtered.  Supplement- 
ing these  monthly  dielectric  tests,  a  survey  of  the  oils  in 


all  high  tension  transformers  is  made  every  three  or  four 
years.  Samples  are  tested  for  acidity,  sludge-forming  prop- 
erties and  resistance  to  emulsifi cation,  and  recommenda- 
tions made  to  the  Operating  Department  as  to  the  necessary 
treatment  to  restore  the  oil  to  operating  condition.  This 
procedure  is  yielding  a  great  deal  of  information  not  only 
on  the  properties  of  insulating  oil  but  on  the  changes  which 
take  place  in  it  when  subject  to  operating  conditions  in 
transformers  and  circuit  breakers.  This  subject  is  very 
complex  and  is  being  given  international  attention  through 
the  efforts  of  standardizing  bodies,  such  as  the  International 
Electrotechnical  Commission  and  the  American  Society  for 
Testing  Materials,  in  which  power  companies  and  purchasers 
of  oil  are  co-operating  in  the  endeavour  to  devise  reliable 
tests  which  may  be  used  to  form  the  basis  of  specifications 
covering  these  qualities.  The  Commission's  laboratory  is 
assisting  in  this  work  and  as  a  result  of  its  contacts  with 
these  organizations,  benefits  by  the  experience  of  a  very 
large  group  of  oil  producers  and  users. 

Lubricating  oil  used  in  turbines  and  generators  is  sub- 
jected to  a  similar  system  of  control.  It  is  purchased  under 
specifications  prepared  by  the  Engineering  and  Laboratory 
Departments  in  co-operation.  Its  quality  in  service  is 
determined  by  annual  check  tests.  Careful  attention  is 
paid  to  acidity,  viscosity,  flash  and  fire  points  and  resistance 
to  emulsification.  These  periodic  tests  indicate  the  chemical 
changes,  if  any,  which  will  result  in  deterioration.  Figure 
4  shows  the  result  of  such  measurements  extending  over  a 
period  of  years  and  indicates  clearly  the  deterioration  of 
the  oil.  The  determination  of  the  point  at  which  it  must 
be  removed  from  service  or  treated  is  a  matter  of  some 
importance,  and  recommendations  from  the  laboratory  to 
the  Operating  Department  are  based  upon  these  tests. 

Paint  is  an  important  material  used  in  practically  all 
of   the   Commission's   structures.     There   is   probably   no 


Fig.  5— Weather  Meter  for  Paint  Testing. 

material  to  which  the  saying  "you  get  what  you  pay  for" 
applies  with  greater  force.  The  laboratory  has  been  study- 
ing paints  for  over  fifteen  years  and  when  the  work  was 
undertaken  first  there  was  no  method  whereby  paints 
submitted  for  purchase  could  be  quicldy  compared  and  a 
decision  formed  as  to  the  most  desirable.  The  method 
then  commonly  used  was  to  expose  samples  to  conditions 
duplicating  as  nearly  as  possible  those  which  the  paint 
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would  encounter  in  service.  The  first  step  therefore  was 
to  set  up  a  rack  on  the  laboratory  roof  on  which  were 
mounted  slabs  of  steel,  concrete  or  wood,  painted  with 
samples  of  the  products  of  various  manufacturers.  The 
exposure  tests  were  supplemented  by  chemical  analysis  of 
the  paints.  Proceeding  in  this  way  it  was  found  possible  to 
obtain  comparative  information  on  the  products  of  various 
manufacturers  and  a  system  of  purchasing  paints  was 
worked  out  in  which  the  laboratory  co-operated  with  the 
Purchasing  Department  and  with  the  field.  In  ordering 
paints  under  this  system  the  manufacturer's  name  is  not 
specified,  only  the  application — for  example,  concrete  floors, 
steel  penstocks,  transmission  towers,  etc.  From  a  list 
supplied  by  the  laboratory  the  Purchasing  Department 
chooses  satisfactory  sources  of  supply.  A  committee  con- 
taining representatives  of  the  Laboratory,  Purchasing, 
Engineering  and  Operating  Departments  direct  this  work 
in  a  general  way,  correlating  laboratory  tests  and  field 
experience.  Progress  in  test  methods  made  within  recent 
years  permits  obtaining  a  quick  appraisal  of  the  relative 
merits  of  various  paints  for  any  particular  service  by  means 
of  the  weatherometer,  a  device  capable  of  applying  an 
accelerated  hfe  test.  The  co-operation  of  the  manufacturers 
of  paint  has  been  very  helpful  in  all  of  this  work. 

The  examples  given  above  have  been  chosen  with  a 
view  to  illustrating  the  methods  employed  by  the  Com- 
mission in  determining  and  controlling  the  quality  of 
materials.  These  methods  are  being  extended  as  rapidly 
as  possible  to  new  materials  and  they  are  indicative  of 
the  general  trend  in  engineering  practice,  perhaps  in- 
sufficiently realized  but  nevertheless  of  tremendous  im- 
portance, viz.,  the  increasing  use  of  laboratory  methods. 
The  success  of  these  methods  depends,  of  course,  on  the 
invention  of  tests  which  will  give  reliable  information  con- 
cerning the  qualities  of  materials.  Not  only  must  these 
tests  be  reliable  but  they  must  yield  information  quickly. 
Accelerated  life  tests  are  of  particular  importance.  The 
development  of  tests  and  test  methods  is  a  matter  for 
research  supplemented  by  field  experience  and  is  work 
which  makes  the  greatest  demands  both  upon  knowledge 
of  the  properties  of  materials  and  skill  in  testing  technique, 
and  can  be  carried  out  successfully  only  by  the  co-operative 
effort  of  a  large  group.  A  survey  of  the  proceedings  of 
organizations  such  as  the  American  Society  for  Testing 
Materials  or  the  International  Electrotechnical  Commis- 
sion, as  well  as  the  national  standardizing  institutions  in 
different  countries,  will  indicate  the  extent  of  this  co- 
operative effort  and  the  rapid  advance  which  is  being 
made  in  this  field. 

Visual  inspections  by  "trial  and  error"  methods  were 
never  satisfactory  even  to  the  intensely  practical  man,  and 
are  gradually  being  supplanted  as  laboratory  methods  are 
developed  and  as  confidence  is  built  up  in  the  efficacy  of 
these  methods. 

,J-  Reseabch 

The  practical  nature  of  the  research  work  carried  on 
in  the  Commission  has  been  indicated  earlier  in  this  paper. 
The  examples  which  follow  have  been  chosen  to  illustrate 
the  method  of  attacking  these  problems  and  the  limits 
within  which  the  Commission  confines  itself.  The  necessity 
for  close  co-operation  between  laboratory  and  field  staffs  is 
as  great  as  in  the  case  of  routine  testing  and  this  was  taken 
into  account  in  devising  the  method  of  carrying  on  this 
work  which  is  now  in  operation. 

A  research  committee  composed  of  five  department 
heads  gives  general  direction  to  investigational  work.  It 
appoints  sub-committees  to  undertake  particular  investiga- 
tions and  gives  general  guidance  to  their  efforts.  Each 
sub-committee  contains  representatives  of  the  laboratory 
and  of  such  other  departments  as  may  be  interested  in  or 


capable   of   assisting   the   research   in   question.     At   the 
present  time  ten  sub-committees  are  active. 

One  of  these  sub-committees  is  studying  the  vibrations 
of  transmission  line  conductors — a  question  which  is  agitat- 
ing the  minds  of  power  transmission  engineers  and  exec- 
utives all  over  the  world.  This  phenomenon  became 
apparent  only  within  recent  years,  following  the  adoption 
of  longer  spans  (and  consequently  higher  mechanical  ten- 


Fig.  6 — Sample  of  Paint  taken  from  Weather  Meter. 

sions)  in  an  effort  to  reduce  the  cost  of  transmission  lines. 
Under  certain  conditions  the  conductors  vibrate  rapidly 
and  eventually  fail  by  fatigue.  Millions  of  dollars  have 
been  spent  in  research  and  numerous  devices  have  been 
developed  to  protect  the  conductors  against  the  vibrations, 
but  no  finality  has  yet  been  reached.  When  the  sub-com- 
mittee began  its  work  the  need  of  improved  means  of 
observing  and  recording  the  vibrations  was  quickly  apparent 
and  its  first  efforts  were  devoted  to  developing  equipment 
for  this  purpose.  A  method  has  been  successfully  applied 
whereby  information  about  the  vibrations  may  be  obtained 
on  an  oscillograph  record.  This  permits  a  determination 
of  the  bending  and  stress  in  the  conductor  caused  by 
vibration  and  of  the  relative  merits  of  vibration  absorbers. 
The  solution  of  the  problem  of  vibration  is  of  immense 
economic  importance  to  the  power  companies  since  it  will 
remove  one  of  the  present  limitations  to  conductor  spans 
and  will  tend  to  reduce  the  cost  of  transmission  lines.  It 
is  felt  that  a  contribution  of  value  has  been  made  by  the 
work  of  the  committee. 

Another  sub-committee  is  studying  wooden  transmis- 
sion structures,  having  in  view  the  development  of  means 
of  lengthening  the  life  of  such  structures.  This  work  in- 
volves comparative  tests  on  preservative  materials,  sys- 
tematic and  detailed  inspection  of  poles  in  service,  the 
installation  and  observation  of  test  beds  in  soils  of  different 
types,  and  the  recommendation  of  measures  for  the  preven- 
tion of  decay. 

Many  suggestions  have  been  made  to  the  Commission 
for  the  utilization  of  off-peak  power.  Some  of  these,  par- 
ticularly several  involving  the  production  of  gases  by 
electrolysis,  have  been  studied  by  the  committee. 

The  application  of  electric  heat  to  soil  has  been  shown 
to  promote  plant  growth.  This  offers  an  attractive  load 
to  power  companies,  particularly  in  greenhouses.  A  sub- 
committee is  studying  this  subject  and  has  obtained  very 
encouraging  results  in  co-operation  with  growers  and 
manufacturers  of  equipment.  A  good  deal  of  scientific 
work  must  still  be  done  to  determine  the  most  efficient 
method  of  applying  the  heat,  and  the  co-operation  of 
botanists  is  being  sought. 

Other  sub-committees  are  studying  insulating  and 
lubricating  oils,  paint,  the  efficiency  of  electrical  cooking 
appliances,  methods  of  remote  control  of  loads,  and  elec- 
trical insulation. 
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The  Commission's  water  heater  campaign  introduced 
a  problem  in  the  development  of  a  cheap  thermostat 
capable  of  breaking  a  current  of  25  amperes.  The  lab- 
oratory in  co-operation  with  a  manufacturer  succeeded  in 
developing  such  a  device.  Studies  of  thermal  insulation, 
heater  efficiencies,  etc.,  in  connection  with  the  same  question 
resulted  in  the  obtaining  of  a  high  grade  electric  water 
heating  system  at  a  much  lower  cost  per  unit  than  was 
possible  at  the  commencement  of  the  campaign. 


Fig.   7- 


-Equipment   for  Studying  Vibrations  of  Transmission 
Line  Conductors. 


The  development  of  equipment,  while  not  primarily 
the  concern  of  a  power  company,  is  sometimes  necessary 
for  various  reasons — technical  and  monetary.  Equipment 
for  a  specific  purpose  may  not  be  available  at  a  price  which 
would  warrant  its  purchase,  and  on  the  other  hand  some- 
one on  the  staff  may  suggest  a  solution  which  appears 
feasible  and  economical.  Many  such  cases  have  arisen  in 
the  Commission's  history  for  which  solutions  have  been 
found.  One  of  the  first  was  a  method  of  testing  defective 
insulators  on  live  lines.  Much  work  has  been  devoted  also 
to  means  of  indicating  and  recording  abnormal  voltages 
on  high  tension  lines.  One  of  the  most  recent  develop- 
ments was  carried  on  in  co-operation  with  a  manufacturer 
and  resulted  in  a  potential  device  adapted  to  110-kv.  and 
220-kv.  lines.  The  cost  of  this,  as  produced  by  the  manu- 
facturer, is  less  than  one-tenth  of  the  cost  of  available 
standard  equipment  for  similar  service.  While  the  latter 
equipment  would  furnish  more  information  than  the  device 
developed — in  fact  more  information  than  needed — the 
consideration  of  price  and  space  occupied  rendered  its  use 
uneconomical.  This  is  an  example  of  research  suggested 
by  a  requirement  which  existing  equipment  failed  to  meet 
economically. 

The  research  work  brings  the  laboratory  into  contact 
not  only  with  other  departments  but  with  outside  organiza- 
tions. Problems  involving  the  Commission  with  com- 
munication companies  arise  when  power  and  communica- 
tion lines  run  parallel  to  one  another  with  relatively  small 
separation.  The  solution  of  these  problems  of  inductive 
co-ordination  often  involves  special  testing  and  theoretical 
investigations.  Other  troublesome  questions  often  arise 
when  radio  owners  in  the  neighbourhood  of  high  voltage 
lines  complain  of  poor  reception.  The  laboratories  have 
co-operated  with  the  communication  companies  and  the 
Federal  Radio  Branch  of  the  Department  of  Marine  in 
investigating  many  of  these  problems. 


The  department  also  assisted  the  Banting  Research 
Institute  in  an  extensive  research  on  the  effects  of  electric 
shock;  its  particular  part  in  this  investigation  being  the 
development  of  precise  methods  of  controlling  the  applica- 
tion of  electricity. 

The  investigation  of  operating  problems  can  scarcely 
be  classed  as  research,  although  in  many  cases  it  involves 
the  application  of  mathematical  analysis  and  advanced 
experimental  methods.  The  failure  of  equipment  often 
presents  problems  which  demand  the  application  of  high 
technical  skill.  The  cause  of  failure  may  be  an  abnormal 
stress  upon  the  equipment  or  a  weakening  of  the  equip- 
ment material  owing  to  defective  design  or  construction, 
so  that  it  is  unable  to  withstand  the  normal  stress  of 
operation.  These  studies  often  involve  the  application  of 
the  keenest  analysis. 

The  development  of  research  in  power  companies  with- 
in recent  years  is  the  result  of  the  recognition  of  the  necessity 
of  supplementing  investigational  work  in  the  development 
of  new  equipment  by  field  studies.  The  greater  part  of 
engineering  research  has  in  the  past  been  carried  on  by 
manufacturers  and  perhaps  in  amount  it  still  exceeds  that 
conducted  by  power  companies.  In  a  certain  sense  the 
power  systems  become  experimental  laboratories  for  the 
manufacturers,  since  progress  in  the  design  of  new  equip- 
ment depends  upon  the  observation  of  its  behaviour  under 
operating  conditions  and  detailed  knowledge  of  these  con- 
ditions. A  commercial  organization,  however,  must  of 
necessity  have  a  point  of  view  somewhat  different  from 
that  of  a  power  company.  It  is  required  to  show  a  profit 
and  it  cannot  carry  on  research  in  any  line  indefinitely 
without  producing  something  of  marketable  value.  The 
power  company  then  is  frequently  under  the  necessity  of 
choosing  between  competitive  products  developed  in  dif- 
ferent research  laboratories  and  submitted  as  solutions  of 
its  operating  problems.  For  these  reasons  power  companies 
have  been  forced  to  carry  on  research  on  their  own  account. 

It  follows  from  the  considerations  which  have  been 
presented  that  testing  and  research  are  inseparably  con- 
nected. The  Testing  Laboratory  even  in  its  routine  work 
encounters   problems   to  which   the   methods   of  research 


Fig.  8 — Integrating  Spiiere  Photometer. 

must  be  applied  for  solution.  New  test  methods  must  be 
devised  and  existing  methods  must  be  improved.  Testing 
technique  must  keep  pace  with  advances  in  engineering 
practice,  and  with  the  production  of  new  materials  and 
equipment.  Thus  the  problems  of  routine  testing  give  rise 
to  research  and  on  the  other  hand,  research  can  only  be 
carried  on  by  making  use  of  routine  test  methods.  In  fact, 
the  two  are  interdependent. 
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Value  of  this  Work  to  a  Power  Company 

The  value  of  a  department,  such  as  has  been  described, 
is  manifold: 


(a) 


ib) 


(c) 


It  saves  money  for  the  organization  both  in  capital 
cost  and  in  maintenance  and  operation.  In  the 
purchasing  of  equipment  and  material  a  proper 
balance  between  price  and  quality  can  be  obtained 
in  no  better  way  than  by  following  the  methods 
which  have  been  outlined.  Certainty,  of  course, 
is  not  attainable,  but  many  uncertainties  are  re- 
solved, and  as  test  methods  are  developed  and 
applied  more  widely  the  advantage  of  purchasing 
in  this  way  will  become  more  apparent.  Not  only 
do  these  methods  save  money  in  capital  but  they 
also  reduce  maintenance  costs,  for  it  follows  that 
the  better  the  quality  of  equipment  the  longer 
will  be  its  life  and  the  less  the  cost  of  its  main- 
tenance. 

Improvement  in  service  naturally  follows  from  the 
adoption  of  methods  which  will  improve  material 
and  equipment. 

The  laboratory  exercises  a  preventive  and  protec- 
tive function  which  is  perhaps  one  of  its  intangible 
advantages  and  may  be  called  "Preventive  En- 
gineering." Although  it  cannot  promise  perfect 
health  and  indefinite  life  to  equipment  any  more 
than  preventive  medicine  can  make  a  similar 
promise  to  human  beings,  yet  it  is  undeniable 
that  important  benefits  follow  the  sound  applica- 
tion of  these  methods  in  the  former  as  well  as 
in  the  latter  case.  While  definite  savings  cannot 
always  be  estimated  or  pointed  out,  there  are  cases 
in  which  this  can  be  done.  It  is  known,  for  exam- 
ple, to  mention  a  few  cases,  that  several  hundred 
thousand  dollars  were  saved  in  concrete  materials 
on  the  Queenston  and  Chats  Falls  jobs  as  a  result 
of  laboratory  control;  that  the  assistance  rendered 
the  Operating  Department  in  connection  with 
painting  has  produced  definite  reduction  in 
maintenance  costs;  that  the  co-operation  of  the 


laboratory  and  municipal  departments  in  the  water 
heater  campaign  effected  savings  in  the  supply  of 
water-heating  equipment;  that  the  recommenda- 
tions of  the  Chemical  Laboratory  for  the  painting 
of  steel  penstocks  on  one  of  the  Niagara  plants 
reduced  the  maintenance  of  these  to  practically 
nothing  over  a  period  of  nine  years;  that  the 
Chemical  Laboratory  developed  a  dressing  for 
tree  wounds,  which  effected  a  saving  of  several 
dollars  a  gallon  over  that  previously  obtainable. 

(d)  The  value  to  an  organization  of  an  accumulated 
fund  of  information  directly  applicable  to  its 
problems  and  the  skill  of  a  staff  trained  in  its 
service  and  familiar  with  its  operation  is  more 
than  an  intangible  asset.  It  becomes  in  case  of 
emergency  a  real  factor  in  providing  a  remedy 
unobtainable  from  any  outside  agency. 

(e)  The  centralization  of  testing  and  research  facilities 
in  a  single  department  has  many  advantages;  it 
avoids  duplication  of  staff  and  equipment  and 
provides  a  specialized  service  not  otherwise  obtain- 
able at  the  same  cost. 

The  cost  of  the  service  rendered  by  such  a  laboratory 
is  negligible  in  comparison  with  the  benefits,  tangible  and 
intangible,  which  it  returns.  It  is  necessary,  however,  that 
the  equipment  and  staff  to  be  of  maximum  value  must 
be  adequate  to  supply  a  varied  service.  This  involves  a 
fairly  large  capital  expenditure  and  can  be  undertaken 
only  by  a  moderately  large  company.  It  is  not  necessary 
thereby  to  duplicate  research  facilities  existing  in  univer- 
sities or  in  national  research  institutions.  The  necessity 
for  familiarity  with  the  organization  and  its  operating 
problems  places  a  limit  upon  the'  direct  assistance  which 
can  be  expected  from  such  institutions.  Every  effort  is 
made,  however,  to  co-operate  with  research  institutions,  so 
that  purely  scientific  problems  may  be  referred  to  the 
proper  authorities  and  the  results  made  available.  The 
power  company  may  suggest  problems  in  pure  science  the 
solution  of  which  may  have  a  wide  application  and  the 
maximum  benefit  is  thus  obtained  from  the  union  of 
research  in  pure  science  and  in  engineering. 


Report  on  Tenders  and  Contracts  for  Public  Works 

from  the 

Council  of  The  Engineering  Institute  of  Canada 

to  the 

Canadian  Chamber  of  Commerce 
Montreal,  January  1935 


Gentlemen : — 

The  following  report  has  been  prepared  in  response  to 
a  request  from  you  for  recommendations  and  comments  as 
to  the  practice  which  is  desirable  as  regards  the  calling  of 
tenders  for  public  works,  the  manner  in  which  these  tenders 
are  dealt  with,  the  interpretation  given  to  contracts  in 
operation,  and  the  inspection  and  final  acceptance  of  public 
works  carried  out  by  contract. 

The  report  is  based  upon  the  findings  of  a  committee 
appointed  by  the  Council  of  The  Institute,  composed  of 
the  following  five  members,  two  of  whom  are  public  officials, 
two  officers  of  contracting  organizations,  and  one  an  engineer 
in  consulting  practice: — 

Chairman — R.  E.  Chadwick,  m.e.i.c. 

President,  The  Foundation  Co.  of  Canada, 

Limited,  Montreal. 
Members  — W.  E.  Bonn,  a. m.e.i.c. 

Engineer,   Canadian  Dredging  Company, 

Limited,  Toronto. 


Lieut.-Colonel  C.  S.  L.  Hertzberg,  m.e.i.c, 
Harkness  and  Hertzberg,  consulting  engi- 
neers, Toronto. 
Dr.  0.  0.  Lefebvre,  m.e.i.c, 
Chief  Engineer,  Quebec  Streams  Commis- 
sion, Montreal. 
D.  W.  McLachlan,  m.e.i.c. 
Engineer,   Department   of  Railways   and 
Canals,  Ottawa. 

This  committee  (referred  to  hereinafter  as  our  com- 
mittee) has  dealt  with  the  subject  under  two  general  head- 
ings, namely: — 

I.  The  practice  as  regards  the  calling  of  tenders  for 
public  works  and  the  manner  in  which  these  tenders 
are  dealt  with. 
II.  The  interpretation  given  to  contracts  in  operation 
and  the  inspection  and  final  acceptance  of  public 
works  carried  out  by  contract. 
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I.  Practice  as  Regards  the  Calling  of  Tenders  for 
Public  Works  and  the  Manner  in  which  these 
Tenders  are  Dealt  With. 

(1)  Advertising  for  Tenders. 

In  general  the  present  practice  in  Canada  is  to  call  for 
tenders  for  public  works  by  advertisement  in  the  daily  news- 
papers of  the  locality  in  which  the  work  is  to  be  executed, 
and  in  the  daily  newspapers  of  the  principal  cities  and  in 
the  technical  press. 

Our  committee  is  of  the  opinion  that  in  advertising  for 
tenders  a  great  deal  of  unnecessary  expense  is  incurred 
through  the  widespread  and  repeated  publication  of  adver- 
tisements in  newspapers  that  do  not  in  the  ordinary  course 
of  events  reach  prospective  tenderers.  Our  committee  is 
of  the  opinion  that  where  the  call  for  tenders  is  advertised, 
sufficient  publicity  would  be  given  if  the  advertisement 
appeared  only  once  in  the  technical  press  and  in  the  daily 
press  of  the  locality  and  of  the  capital  city  of  the  province 
in  which  the  work  is  to  be  done,  including,  in  the  case  of 
the  province  of  Quebec,  one  French  and  one  English  news- 
paper. 

(2)  Selection  of  qualified  bidders. 

Under  the  existing  general  practice  of  calling  for  tenders 
for  public  works  in  Canada,  no  serious  attempt  is  made  to 
eliminate  tenders  from  irresponsible  contractors,  contrac- 
tors obviously  lacking  the  equipment,  organization  and  skill 
necessary  to  carry  out  the  work,  and  so-called  "brokers" 
who  contemplate  subletting  the  work  to  others  in  the  event 
of  their  tenders  being  accepted  by  reason  of  being  the  lowest 
submitted.  Our  committee  is  of  the  opinion  that  tenderers 
should  be  restricted  to  bona  fide  firms  and  corporations 
regularly  established  in  the  construction  business  and  con- 
trolled within  the  British  Empire  for  some  period  com- 
mensurate with  the  importance  of  the  work. 

In  the  case  of  important  engineering  works  the  practice 
of  calling  for  tenders  by  public  advertisement  without  re- 
quiring evidence  of  qualification  on  the  part  of  prospective 
bidders  appears  to  be  a  practice  established  principally  in 
the  United  States  and  Canada.  The  British  practice  appears 
to  be  to  call  for  tenders  for  important  works  from  a  selected 
list  of  regularly  established  British  contractors  only,  who 
have  previously  satisfied  the  authorities  that  they  have  the 
equipment,  personnel,  experience  and  financial  backing 
necessary  to  carry  gut  successfully  the  work  contemplated. 

Our  committee  recommends  that  a  similar  system  be 
adopted  in  Canada  in  the  case  of  important  public  works, 
more  particularly  in  the  case  of  engineering  works  where  a 
substantial  proportion  of  the  cost  is  represented  by  work 
that  is  underground  or  under  water.  It  is  believed  that 
such  a  system  would  result  in  a  higher  grade  of  workman- 
ship at  an  ultimate  cost  to  the  public  substantially  less 
than  that  realized  under  the  present  system.  Our  com- 
mittee points  out  that  in  requiring  prospective  bidders  to 
submit  proof  of  competency  our  public  authorities  would 
be  following  well  established  business  principles,  and  what 
would  appear  to  be  established  public  practice  elsewhere 
than  on  the  American  continent.  Our  committee  observes 
that  the  practice  of  calling  for  tenders  from  a  list  of  qualified 
contractors  as  suggested,  has  already  been  followed  with 
marked  success,  in  the  case  of  important  contracts,  by  some 
of  our  public  bodies. 

It  must  be  recognized  that  the  general  practice  of 
restricting  tenderers  to  a  selected  list  of  contractors  could 
probably  succeed  in  Canada  only  if  actively  supported  by 
public  opinion  and  by  the  representative  engineering  or 
contracting  organizations  such  as  The  Engineering  Institute 
and  the  Canadian  Construction  Association.  Otherwise, 
and  without  this  support,  the  selection  of  bidders  would 
doubtless  tend  to  be  based  on  political  considerations  rather 


than  on  merit  and  an  honest  desire  to  secure  skilfully  exe- 
cuted work  at  the  best  possible  price. 

In  order  to  avoid  any  possibility  of  personal  influence, 
the  selection  for  the  lists  should  be  made  and  the  lists 
drawn  up  by  public  departments  or  by  such  organizations 
as  those  just  named.  Provision  should  also  be  made  for 
the  addition  to  these  lists  from  time  to  time  of  firms  whose 
standing  and  resources  have  developed  so  as  to  justify 
their  inclusion. 

One  member  of  our  committee  did  not  endorse  the 
above  in  its  entirety  and  his  views  are  submitted  in  the 
footnote  below.* 

(3)  British  Empire  Organizations. 

Our  committee  believes  that  tenders  for  public  works 
in  Canada  should  be  accepted  only  from  bona  fide  con- 
tracting organizations  controlled  within  the  British  Empire, 
but  recognizing  the  difficulty  of  establishing  the  domicile 
of  the  real  owners  of  an  incorporated  company,  suggests 
as  a  further  condition  of  qualification  that  the  tenderer  be 
regularly  established  within  the  Empire  for  some  length  of 
time  commensurate  with  the  importance  of  the  work. 

In  this  connection  attention  is  called  to  the  recent 
regrettable  decision  of  the  Colonial  Office,  London,  restrict- 
ing tenders  for  certain  harbour  work  in  Trinidad  to  United 
Kingdom  contractors  and  declining  to  permit  Canadian 
contractors  to  submit  proposals  for  the  work. 

WhUe  recommending  that  tenders  be  received  only 
from  British  Empire  organizations,  our  committee  wishes 
to  go  on  record  as  being  opposed  to  the  practice  of  certain 
municipalities  in  restricting  tenderers  for  important  work 
to  contractors  of  that  particular  city  only.  A  restriction 
of  this  kind  is  comparable  to  a  customs  duty  protecting 
a  manufacturer  and  it  does  not  appear  to  be  in  the  public 
interest  to  set  up  trade  barriers  within  the  limits  of  the 
Dominion  itself. 

(4)  Adequate  preliminary  investigation  needed. 

Our  committee  remarks  that,  in  the  case  of  construc- 
tion, a  substantial  portion  of  the  cost  of  which  is  represented 
by  work  that  is  underground  or  under  water,  the  plans  and 
specifications  upon  which  tenders  are  asked  often  fail  to 
give  sufficient  information  in  the  way  of  soundings  and 
borings  to  enable  a  contractor  to  submit  an  accurate 
tender.  Our  committee  considers  it  a  duty  of  the  authority 
calling  for  tenders  to  have  made  a  proper  engineering  in- 
vestigation of  the  site  of  the  work,  including  sufficient  bor- 
ings to  determine  as  accurately  as  practicable  the  nature  of 
the  soil  and  the  subsurface  conditions,  and  that  it  should 
be  recognized  that  the  tender  is  based  on  the  information 
furnished.  Suitable  provision  should  be  made  in  all  lump 
sum  contracts  for  adjustment  in  price  either  as  an  increase 
or  decrease,  as  the  case  may  be,  in  the  event  of  the  level 
of  rock  varying  from  that  indicated. 

Our  committee  believes  that  lack  of  proper  preliminary 
engineering  investigation,  borings,  etc.,  increases  in  the 
aggregate  the  cost  of  public  works  in  Canada  by  a  very 
large  amount,  and  often  leads  to  unnecessary  and  costly 
"extras." 

Our  committee  calls  attention  to  the  custom  of  insert- 
ing in  public  works'  contracts  various  clauses  under  which 
the  contractor  is  required  to  declare  that  the  contract  is 

*  A  dissent  from  the  recommendation  of  the  majority  of  the  com- 
mittee that  tenders  for  pubhc  work  be  restricted  to  a  previously  pre- 
pared list  of  approved  contractors  as  outlined  in  Section  I  (2)  was 
recorded  by  Mr.  McLachlan.  He  believes  dark  horse  bidding  tends  to 
keep  contract  prices  from  becoming  unduly  high. 

He  believes  barriers  should  not  be  thrown  in  the  way  of  new 
contractors  if  they  have  sufficient  financial  resources  and  can  show  a 
reasonable  procedure  for  securing  the  plant  and  personnel  required  for 
the  proper  execution  of  the  work. 

He  also  believes  the  statement  of  the  majority  as  to  British  practice 
conforming  with  their  proposal  is  too  sweeping. 
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based  solely  on  information  which  he  himself  has  obtained, 
and  that  he  has  not  relied  upon  the  borings,  tests,  surveys, 
plans,  profiles  and  specifications  furnished  by  the  engineer. 
It  is  an  economical  and,  in  many  cases,  a  physical  im- 
possibility for  each  contractor  tendering  to  duplicate  the 
investigations,  borings  and  surveys  of  the  designing  en- 
gineer. To  do  this  would  add  substantially  to  the  cost  of 
construction  generally.  It  does  not  appear  to  be  in  the 
public  interest  to  ask  a  contractor  to  make  a  declaration 
in  his  tender  that  is  not  in  accordance  with  the  facts,  and 
it  is  obvious  that  a  contract  based  on  a  false  declaration 
leads  to  claims,  extras  and  litigation,  and  ultimately  in- 
creases the  cost  of  our  public  works.  It  is  obviously 
necessary  that  a  contractor,  before  submitting  a  tender, 
be  required  to  visit  the  site  of  the  work  and  to  ascertain 
for  himself  the  conditions  under  which  the  contract  must 
be  carried  out,  and  our  committee  believes  that  he  should 
be  required  to  make  a  declaration  to  this  effect. 

(5)    Unit  price  contracts. 

Construction  contracts  for  public  works  are  usually 
based  on  a  lump  sum  price  for  a  specific  piece  of  work, 
with  or  without  provision  for  increases  and  deductions,  or 
on  a  schedule  of  unit  prices  for  each  particular  class  of 
work.  Either  of  these  types  of  contract  is  satisfactory, 
and  the  general  practice  is  to  use  the  lump  sum  form  of 
contract  for  building  work  and  the  unit  price  form  for 
engineering  work  in  which  the  exact  quantities  cannot  be 
accurately  predetermined. 

Disputes  occasionally  arise  in  connection  with  the 
award  of  unit  price  contracts  where  through  a  clerical 
error  the  extensions  or  totals  do  not  check  with  the  quan- 
tities and  unit  prices.  In  this  matter  our  committee  is  of 
the  opinion  that  where  an  error  is  made  the  unit  price 
should  be  held  to  be  binding  and  the  error  in  extension 
and  in  the  total  should  be  corrected,  and  that  to  avoid 
any  possibility  of  dispute  the  instructions  to  bidders  should 
state  clearly  that  this  rule  will  be  followed. 

In  the  case  of  unit  price  contracts  involving  excavation 
to  any  considerable  depth  below  water  level  or  ground  level, 
our  committee  is  of  the  opinion  that  the  basic  price  for 
excavation  should  be  for  work  to  the  expected  depth,  and 
that  there  should  be  a  scale  of  prices  for  extras  and  deduc- 
tions that  vary  according  to  the  depth  to  which  they  are 
to  apply.  Otherwise  no  tender  can  be  said  to  be  "balanced" 
so  far  as  the  excavation  items  are  concerned.  The  cost 
clearly  increases  with  the  depth,  and  without  a  differential 
scale  a  variation  in  depth  results  in  either  a  loss  or  an 
excessive  profit  to  one  or  other  of  the  parties  to  the  con- 
tract, whereas  the  intention  of  the  unit  price  contract  is 
that  each  and  every  item  of  work  shall  be  rated  at  a  price 
that  will  permit  of  changes  in  quantities  being  made 
without  undue  advantage  to  either  the  contractor  or  the 
public. 

Our  committee  is  of  the  opinion  that  it  should  be 
stipulated  in  all  unit  price  contracts  that  tenders  must  be 
"balanced,"  meaning  that  each  unit  price  must  be  reason- 
able in  comparison  with  all  others  in  the  same  tender. 
Under  this  restriction  a  contractor  is  barred  from  quoting 
a  low  price  on  items  of  work  that  he  thinks  may  be  in- 
creased, with  the  intention  of  showing  the  lowest  possible 
figure  for  the  total  amount  on  which  the  contract  is  awarded. 
The  principle  of  unbalanced  bidding  can  be  and  has  been 
used,  through  fraud  and  collusion  on  the  part  of  the  engineer 
and  the  contractor,  to  award  contracts  to  tenderers  that 
are  not  in  fact  the  lowest  bidders.  All  specifications  or 
instructions  to  bidders  on  unit  price  contracts  should  con- 
tain a  clause  to  the  effect  that  bids  which  in  the  opinion 
of  the  engineer  are  unbalanced  will  be  rejected  and  that 
this  rule  should  be  enforced,  even  though  it  results  in  the 
acceptance  of  a  higher  tender. 


It  is  recommended  that  in  the  case  of  all  unit  price 
contracts,  the  tender  form  clearly  state  the  engineer's 
estimate  of  the  quantity  of  each  class  of  work,  and  that 
the  several  tenders  be  compared  on  the  basis  of  these 
quantities.  While  this  is  the  practice  generally  followed, 
it  is  not  universal.  Our  committee  is  of  the  opinion  that 
the  omission  of  the  bill  of  quantities  from  the  tender  form 
encourages  "unbalanced"  bidding  and  collusion. 

Our  committee  goes  on  record  as  condemning  the 
practice  of  including  in  tender  forms  prices  on  alternative 
types  of  construction  or  equipment  to  an  extent  that  may 
give  rise  to  doubt  as  to  which  of  two  tenders  may  in  fact 
be  the  lower,  and  which  could  result  in  a  summation  unduly 
favouring  some  one  contractor.  Where  alternatives  are  con- 
sidered necessary  complete  plans  should  in  all  cases  be 
prepared  by  the  engineer. 

(6)  Guarantee  that  contract  will  be  signed. 

It  is  necessary  that  there  be  some  form  of  guarantee 
that  a  bidder,  if  his  bid  be  accepted,  will  enter  into  a  formal 
contract  for  the  execution  of  the  work.  The  practice  as 
regards  the  form  of  this  guarantee  varies,  some  public 
authorities  requiring  a  bond  commonly  known  as  a  "bid 
bond,"  others  a  certified  cheque  on  a  Canadian  chartered 
bank,  and  others  the  deposit  of  securities  in  the  form  of 
bonds  of  the  authority  calling  for  the  tenders.  In  some 
cases  some  combination  of  two  or  of  three  of  the  above 
types  of  security  is  required. 

Our  committee  recommends  as  the  most  satisfactory 
form  of  security  the  certified  cheque,  and  is  of  the  opinion 
that  the  so-called  "bid  bond"  is  not  desirable  on  the 
ground  that  it  could  probably  be  enforced  only  after 
protracted  litigation. 

Attention  is  called  to  the  practice  of  certain  of  our 
public  authorities  of  cashing  or  depositing  to  their  own 
account  bid  cheques  submitted  by  contractors  as  guarantees 
that  they  will  enter  into  a  contract.  This  practice  should 
be  discontinued.  In  the  opinion  of  our  committee  no  public 
authority  should  appropriate  to  its  own  use  moneys  so 
deposited. 

(7)  Delays  in  awarding  contracts. 

Our  committee  also  condemns  the  practice  on  the  part 
of  certain  public  authorities  of  holding  bid  cheques  for  more 
than  a  few  days  pending  the  award  of  a  contract.  This 
practice  should  be  discouraged. 

The  practice  of  holding  bid  cheques,  either  cashed  or 
uncashed,  for  an  unnecessary  length  of  time,  places  on  the 
construction  industry  as  a  whole  a  substantial  financial 
burden  which  must  ultimately  be  passed  on  to  the  public 
in  the  form  of  increased  costs.  The  amount  of  money 
deposited  in  the  form  of  bid  cheques  and  contractors' 
guarantees  during  any  period  will  aggregate  probably  fifty 
per  cent  of  the  total  value  of  work  undertaken,  and  the 
public  doubtless  does  not  realize  that  it  is  under  present 
practice  paying  unnecessary  interest  charges  on  this  vast 
sum  of  idle  capital.  The  practice  of  cashing  bid  cheques 
is  particularly  objectionable  as  this  in  general  about  triples 
the  carrying  charges. 

It  would  appear  obvious  that  if  a  contract  is  to  be 
let  to  the  lowest  responsible  bidder,  the  award  can  and 
should,  as  a  general  rule,  be  made  within  three  days  of 
the  time  of  receiving  tenders,  and  all  cheques  other  than 
those  of  the  lowest  bidders  can  then  be  returned.  In  this 
connection  our  committee  recommends  the  practice  of  the 
Department  of  Public  Works  of  Canada,  under  which  the 
cheques  of  all  contractors  whose  tenders  are  obviously  not 
acceptable  are  returned  on  the  day  they  are  received,  the 
general  practice  being  to  hold  until  the  contract  is  signed 
the  cheques  of  the  three  lowest  bidders  only.  If  for  any 
reason  tenders  have,  to  be  held  over  for  analysis,  the  time 
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and  date  on  which  the  award  is  to  be  made  should  be 
announced  at  the  time. 

(8)  Guarantee  for  performance  of  contract. 

It  is  customary  and  advisable  that  there  be  some 
tangible  form  of  guarantee  that  a  contractor  wUl  complete 
the  work  after  having  signed  the  contract.  The  practice 
in  this  respect  is  to  provide  for  monthly  payments  on 
account,  less  a  stipulated  percentage  to  be  retained  until 
the  expiry  of  the  date  within  which  liens  can  be  registered 
after  the  completion  of  the  work.  In  addition  it  is  customary 
to  require  the  contractor  to  furnish  a  bond  guaranteeing 
the  completion  of  the  work,  or  in  lieu  thereof,  to  deposit 
securities  in  the  form  of  bonds  of  the  authority  giving  the 
contract.  Our  committee  is  of  the  opinion  that  the  bond 
is  not  a  satisfactory  form  of  security  owing  to  the  difficulty 
of  enforcement.  The  requirement  for  a  bond  adds  at  least 
one  per  cent  to  the  cost  of  the  work  with  no  commensurate 
advantages,  which  additional  cost  must  eventually  be  passed 
on  to  the  public.  It  is  considered  that  a  deposit  of  cash 
or  of  securities  constitutes  the  best  form  of  guarantee  and 
offers  in  itself  assurance  that  the  contractor  is  to  some 
extent  financially  responsible. 

Our  committee  is  of  the  opinion  that  the  requirement 
of  a  performance  bond  rather  than  a  deposit  of  cash  or  its 
equivalent  is  wrong  in  principle,  as  under  the  bonding 
system  those  contractors  who  operate  their  businesses 
efficiently  inevitably,  through  their  bond  premiums,  make 
good  the  losses  of  those  who  fail.  A  tax  on  the  efficient 
operator  for  the  benefit  of  the  inefficient  operator  is  not 
in  the  public  interest. 

(9)  Fair-wage  clauses. 

It  is  customary  for  all  public  works  contracts  to  include 
a  so-called  "fair-wage"  clause  stipulating  the  minimum  rates 
of  wages  that  are  to  be  paid.  Certain  public  bodies  stipulate 
in  general  terms  that  the  contractor  must  pay  the  union  or 
prevailing  rate  of  wages.  Other  authorities  attach  a  schedule 
giving  the  minimum  rates  of  wages  for  each  trade.  Our 
committee  concurs  in  the  advisability  of  a  fair  wage  clause 
and  recommends  in  this  connection  the  practice  of  the 
Dominion  Government  in  stipulating  definitely  the  rates 
for  each  trade,  rather  than  a  general  requirement  to  the 
effect  that  the  contractor  is  to  pay  a  union  or  prevailing 
rate.  It  is  often  difficult,  on  account  of  the  jurisdictional 
differences  between  the  unions  themselves,  to  determine 
precisely  what  the  so-called  "union"  rate  is,  and  it  is 
obviously  difficult  to  say  what  the  prevailing  rate  may  be. 

Having  stipulated  the  number  of  hours  constituting  a 
working  day  or  week  and  a  so-called  "fair  wage"  which  is 
the  minimum  the  contractor  under  his  contract  is  permitted 
to  pay,  a  public  authority  should,  in  the  event  of  its  order- 
ing any  change  in  the  hours  of  work  or  an  increase  in 
rates,  fairly  compensate  the  contractor  for  any  extra  cost 
imposed  upon  him  on  this  account.  Similarly,  if  a  change 
in  hours  of  work  or  in  rates  of  pay  is  ordered  which  results 
in  a  decrease  in  cost,  the  contractor  should  be  required  to 
rebate  the  amount  of  the  saving  effected. 

While  concurring  in  the  advisability  of  a  fair  wage 
clause,  our  committee  is  of  the  opinion  that  in  many  cases 
the  schedule  rates  are  excessive  and  exceed  those  actually 
prevailing  in  the  district  in  which  the  work  is  to  be  done, 
and  go  on  record  as  condemning  this  practice,  feeling  that 
it  adds  unnecessarily  to  the  cost  of  public  works  and  tends 
to  establish  an  artificial  rate  that  has  the  effect  of  discourag- 
ing private  construction. 

(10)    Delivery  and  Opening  of  Tenders. 

Our  committee  calls  attention  to  the  fact  that  while 
under  our  Canadian  practice  public  works  are  ostensibly 
let  by  public  tender,  comparatively  few  of  our  public  bodies 
actually  let  their  contracts  in  public,  that  is,  receive  and 


open  their  tenders  in  public  and  disclose  the  prices  tendered. 
Tenders  are  in  most  cases  received  by  mail  or  by  hand  up 
to  a  given  time,  to  be  opened  at  some  later  date.  This 
practice  frequently  results  in  suspicion  that  tenders  are 
tampered  with  between  the  time  they  are  received  and  the 
time  they  are  intended  to  be  opened,  and  it  has  been  from 
time  to  time  suspected  that  favoured  contractors  have  been 
permitted  to  submit  revised  bids  after  all  tenders  are  in 
and  the  original  prices  known. 

In  this  connection  our  committee  recommends  the 
practice  of  the  Department  of  PubUc  Works  of  Canada, 
under  which  tenders  may  be  sent  by  mail  or  be  delivered 
by  hand,  at  the  option  of  the  bidder,  up  to  a  given  time, 
and  are  then  immediately  opened  in  the  presence  of  two 
responsible  officials  of  the  Department  and  in  the  presence 
of  those  bidders  who  wish  to  be  present,  and  the  figures 
read  out  to  the  assembled  meeting.  Under  this  system, 
which  has  been  firmly  established  for  many  years,  there 
can  be  no  suspicion  of  fraud  or  of  collusion  in  regard  to 
the  tenders.  It  is  suggested  that  the  practice  of  the  Depart- 
ment might  be  further  improved  by  the  requirement  that 
all  tenders  be  delivered  by  registered,  not  ordinary  mail, 
or  at  the  option  of  the  tenderer,  be  delivered  by  hand  at 
the  actual  meeting  at  which  they  are  to  be  opened. 

Our  committee  strongly  condemns  the  following  prac- 
tice which  appears  to  be  quite  prevalent  in  the  handling 
of  so-called  "public"  tenders,  viz.: — The  practice  of  receiv- 
ing tenders  up  to  a  given  time  and  holding  them,  ostensibly 
unopened,  to  be  dealt  with  at  some  subsequent  meeting. 
Provision  should  be  made  in  all  cases  for  tenders  to  be 
handed  to  the  official  who  is  to  open  them,  and  for  them 
to  be  opened  then  without  having  passed  through  the  hands 
of  any  third  party. 

(11)  Acceptance  of  Lowest  Tender. 

Our  committee  is  of  the  opinion  that  it  is  not  in  the 
public  interest  that  a  contract  be  awarded  to  the  lowest 
bidder  where,  by  comparing  the  low  tender  with  the 
engineer's  estimate  and  with  other  bona  fide  tenders  it  is 
obvious  that  the  low  tender  is  the  result  of  an  error  in 
judgment,  lack  of  experience,  or  failure  to  appreciate  the 
requirements  of  the  work,  and  that  the  work  cannot  be 
executed  in  accordance  with  the  specifications  for  the  price 
tendered.  In  cases  of  this  kind  our  committee  is  of  the 
opinion  that  the  low  bid  should  be  rejected  and  the  contract 
given  to  the  next  lowest  properly  qualified  bidder.  Our 
committee  is  strongly  opposed  to  the  policy,  which  has  at 
times  been  followed,  of  rejecting  all  bids  and  calling  new 
tenders,  on  the  ground  that  this  can  serve  no  useful  purpose, 
delays  the  work  and  is  obviously  unfair  to  all  bona  fide 
bidders  and  particularly  to  that  contractor  who  is  entitled 
to  the  work  and  whose  price  is  disclosed  to  his  competitors. 

II.  The  Interpretation  Given  to  Contracts  in  Opera- 
tion AND  the  Inspection  and  Final  Acceptance  of 
Public  Works  Carried  out  by  Contract. 

(12)  Brevity  of  documents. 

It  is  believed  that  many  of  the  specifications  and 
contract  forms  presently  used  could  be  advantageously 
shortened  and  put  into  simpler  language  more  compre- 
hensible to  those  to  be  governed  thereby.  It  is  also  felt 
that  many  of  the  clauses  are  unfair  to  the  contractor. 

(13)  Unknown  sub-surface  conditions. 

Our  committee  is  of  the  opinion  that  where  sub- 
surface conditions  are  not  known  or  cannot  be  determined 
with  reasonable  accuracy  prior  to  the  calling  of  tenders, 
the  contract  should  be  so  drawn  as  to  provide  for  the 
handling  on  a  cost-plus  basis  of  that  portion  of  the  work 
that  is  affected,  as,  for  example,  cofferdamming,  unwater- 
ing  and  perhaps  also,  excavation.    A  policy  of  handling 
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such  work  on  a  cost-plus  basis  would,  it  is  felt,  give  the 
supervising  engineer  more  direct  control  over  an  operation 
essential  to  the  success  of  the  work  as  a  whole,  but  the 
details  of  which  cannot  in  many  cases  be  accurately  specified 
in  the  first  instance. 

(14)  Restrictions  in  use  of  machinery. 

Our  committee  is  of  the  opinion  that  when  restrictions 
in  the  use  of  machinery  in  place  of  hand  labour  are  deemed 
advisable  in  the  public  interest,  they  should  be  fully  and 
clearly  set  out  in  the  original  specifications  and  no  devia- 
tion therefrom  should  be  subsequently  used  as  an  excuse 
for  changing  the  contract  prices. 

(15)  Enforcement  of  time  limits. 

Our  committee  draws  attention  to  the  desirability  of  a 
strict  enforcement  of  the  time  limits  of  contracts.  In  its 
opinion  a  reasonable  time  limit  for  commencing  work  and 
a  reasonable  rate  of  progress  should  be  specified  and 
enforced. 

(16)  Supervision  by  qualified  engineers. 

Our  committee  suggests  that  a  decided  improvement 
might  be  effected  in  the  execution  of  our  public  works  if 
they  were  always,  while  work  is  in  progress,  under  the 
direct  supervision  of  fully  qualified  engineers. 

(17)  Strict  adherence  to  specifications. 

It  is  the  general  consensus  of  opinion  that  in  the 
administration  of  public  works'  contracts  there  is  a  ten- 
dency on  the  part  of  some  engineers  and  inspectors  to 
assist  the  irresponsible  contractor  who  has,  perhaps,  in  the 
first  instance  bid  the  work  at  a  price  that  is  obviously  too 
low,  this  assistance  being  given  by  granting  extras  and  a 
more  favourable  classification  than  is  justified.  Our  com- 
mittee is  of  the  opinion  that  contractors  should  be  required 
to  execute  their  work  strictly  in  accordance  with  their  con- 
tracts, and  that  no  extras  should  be  allowed  unless  for  work 
that  is  in  addition  to  that  contracted  for.  When  a  policy 
of  definitely  requiring  strict  adherence  to  the  specifications 
is  established,  this  fact  soon  becomes  apparent  to  all 
interested  contractors  and  bids  are  made  accordingly,  and 
a  better  quality  of  workmanship  and  a  lower  ultimate  cost 
to  the  public  results. 

(18)  Appeal  from  engineers'  decisions. 

Public  works'  contracts  usually  appoint  the  engineer 
or  architect,  as  the  case  may  be,  the  sole  and  final  arbiter 
in  regard  to  the  interpretation  of  the  plans  and  specifica- 
tions, and  in  regard  to  the  quality  and  quantity  of  the 
work  done.  Our  committee  is  of  the  opinion  that  in  the 
final  adjustment  of  a  contract  there  should  be  provision 
for  appeal  from  the  decision  of  the  engineer  or  architect 
to  a  board  of  arbitration  such  as,  for  example,  that  provided 
by  the  Ontario  Arbitration  Act,  except  in  cases  where  appeal 
is  otherwise  provided  for,  as  in  the  case  of  appeal  to  the 
Exchequer  Court  in  the  case  of  Dominion  Government  con- 
tracts. 


(19)  Service  grounds,  disposal  areas,  etc. 

Our  committee  is  of  the  opinion  that  where  service 
grounds,  borrow  pits,  or  disposal  areas  are  definitely  re- 
quired for  the  execution  of  any  given  work,  they  should  be 
arranged  for  and  provided  by  the  public  authority  in 
advance  of  calling  for  tenders.  The  term  "service  ground" 
refers  to  any  property  outside  the  actual  area  occupied  by 
the  finished  work  but  which  is  necessary  for  the  purpose 
of  carrying  out  the  work;  the  term  "borrow  pit"  refers  to 
any  area  of  ground  from  which  it  is  necessary  to  take 
material  to  be  used  as  fill  in  the  finished  work;  and  the 
term  "disposal  area"  refers  to  any  property  which  is 
necessary  for  the  disposal  of  surplus  excavated  material. 

It  is  felt  that  where  service  grounds,  borrow  pits  and 
disposal  areas  are  essential,  they  can  be  secured  in  advance 
by  the  public  authority  at  a  much  lower  price  than  they 
can  subsequently  be  secured  by  whatever  contractor  may 
be  entrusted  with  the  work.  Generally  speaking,  the  knowl- 
edge that  an  operation  is  actually  about  to  commence  en- 
hances, often  to  an  exaggerated  extent,  the  value  of  proper- 
ties required  in  its  execution,  and  the  cost  of  the  work  is 
often  materially  increased  on  this  account,  and  in  this  con- 
nection it  must  be  pointed  out  that  the  contractor  lacks 
the  power  of  expropriation  usually  available  to  the  public 
authority. 

It  should  be  pointed  out  that  this  clause  refers  prin- 
cipally to  the  larger  engineering  projects  and,  as  a  general 
rule,  is  neither  applicable  nor  necessary  in  the  case  of  build- 
ing construction. 

(20)  Employment  of  consulting  engineers  and  architects. 
Our  committee  takes  the  liberty  of  expressing  its  views 

on  a  point  that  appears  pertinent  to,  although  perhaps  not 
strictly  included  in,  the  several  points  upon  which  it  was 
asked  to  report. 

Our  committee  commends  the  employment  of  consult- 
ing engineers  in  an  advisory  capacity  on  pubhc  works  in 
special  cases  and  for  the  design  of  works  for  which  there 
is  no  permanent  staff  available.  It  also  suggests  that 
architects  might  with  advantage  be  retained  in  a  consulting 
capacity  in  connection  with  our  engineering  works  that 
include  buildings,  and  in  connection  with  our  more  im- 
portant bridges.  In  the  opinion  of  our  committee  Canada 
has  reached  a  stage  in  her  development  where  aesthetics 
should  assume  a  more  important  role  in  the  design  of  our 
engineering  structures. 

The  whole  respectfully  submitted  on  behalf  of  the  Council 

of 
The  Engineering  Institute  of  Canada 

F.  P.  ShEARWOOD,  M.E.I. c, 

President. 


Montreal,  Quebec, 
January  18th,  1935. 


R.  J.  DURLEY,  M.E.I.C, 

Secretary. 
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The  English  Bay  Interceptor,  Vancouver 

G.  M.  Gilbert,  A.M.E.I.CJ'^ 
DISCUSSION 


A.  D.  Creer,  m.e.i.c.(^> 

The  writer  was  resident  engineer  under  Mr.  R.  S.  Lea, 
M.E.I. c,  on  the  preUminary  investigation  in  1911  and  1912 
and  was  chief  engineer  to  the  Joint  Sewerage  Board  from 
its  formation  to  1921.  It  was  largely  through  the  efforts 
of  the  Hon.  H.  H.  Stevens  when  he  was  an  alderman  on 
the  city  council  that  the  Joint  Board  was  formed  and  at 
that  time  it  included  m  its  area  four  municipalities. 

Some  years  were  spent  on  investigations  and  a  prelim- 
inary report  was  presented  to  the  Burrard  Peninsula  Joint 
Sewerage  Committee,  which  resulted  in  the  formation  by 
the  provincial  government  of  the  Vancouver  and  Districts 
Joint  Sewerage  and  Drainage  Board. 

This  preliminary  report  laid  down  the  general  lines  of 
a  complete  scheme  for  the  whole  area,  with  an  estimate 
of  the  population  and  ultimate  cost  of  the  undertaking. 
The  population  was  put  at  1,450,000  in  1950  and  the  cost 
at  $10,000,000,  the  only  criticism  being  that  the  population 
was  under  estimated.  (In  1910  the  population  was  150,000 
and  in  1934  it  was  300,000.)  These  figures  were  later  cut  to 
800,000  and  the  design  revised.  The  question  of  the 
separate  or  combined  system  for  the  English  bay  area  was 
considered  thoroughly  and  while  the  preliminary  report 
advised  the  adoption  of  the  former,  the  Board  decided  on 
the  combined  system.  About  that  time  the  New  York 
Sewerage  Commission  had  laid  down  a  standard  of  purity 
for  bathing  beaches  as  "approximating  that  of  drinking 
water"  and  as  the  shore  of  English  bay  from  False  creek 
to  Point  Grey  is  one  continuous  bathing  beach,  it  was  felt 
that  as  the  additional  cost  of  the  separate  system  was  not 
prohibitive,  it  would  be  wise  to  adopt  this  system  and  give 
the  maximum  protection  to  the  beaches. 

Time  will  prove  that  this  view  was  correct.  It  is 
likely,  however,  that  as  the  population  increases  and  the 
overflows  come  into  more  continuous  operation,  either  the 
bathing  beaches  will  have  to  be  abandoned  as  such  or 
further  provision  made  for  carrying  the  overflows  or  trunk 
outlets  considerably  further  out  from  the  shore. 

It  is  also  questionable  whether  the  point  of  outlet  at 
Imperial  street  as  selected,  will  continue  to  be  satisfactory. 
The  currents  are  slow  and  have  little  dispersion  value. 
There  will  be  a  tendency,  when  the  volume  of  flow  increases, 
for  the  sewage  to  move  en  masse  and  become  a  major 
nuisance.  It  would  have  been  wiser  to  have  deferred  the 
construction  of  the  interceptor  and  lengthened  the  trunk 
outfalls  watching  the  results  as  time  went  on  and  the 
population  and  flow  increased. 

It  is  quite  within  the  bounds  of  possibility  that  ulti- 
mately an  interceptor  may  have  to  be  carried  in  the  opposite 
direction,  syphoning  under  False  creek  to  the  neighbourhood 
of  Prospect  Point  where  high  velocity  currents  are  available 
for  proper  dispersion. 

Another  criticism  is  that  the  size  of  the  interceptor 
at  its  upper  end  should  have  been  larger;  the  cost  of  excava- 
tion for  a  4 -foot  6-inch  tunnel  sewer  is  practically  the  same 
as  for  a  5-foot,  and  the  additional  capacity  would  have 
been  useful  in  preventing  to  a  greater  extent  the  pollution 
of  False  creek. 

As  regards  grit  chambers  the  writer's  experience  has 
led  to  the  conclusion  that  the  cheapest  and  most  satisfactory 

(1)  Paper  presented  before  the  Western  Professional  Meeting  of 
The  Engineering  lastitute  of  Canada,  held  at  Vancouver,  B.C.,  on 
July  11th  to  14th,  1934,  and  published  in  the  September,  1934,  issue 
of  The  Engineering  Journal. 

(2)  1984-45th  Street,  Vancouver,  B.C. 


way  to  get  rid  of  grit  is  to  allow  it  to  go  into  the  sewers 
and  then  flush  it  out.  Also,  with  reference  to  the  cost  of 
the  work  as  compared  with  day  labour  work,  a  considerable 
saving  would  have  been  effected  if  the  work  had  been  done 
by  contract. 

J.  M.  Begg,  m.e.i.c.(^) 

As  this  extended  paper  may  from  time  to  time  be 
consulted  as  an  authoritative  record  the  writer  would  hke 
to  incorporate  in  the  discussion  some  comments  suggested 
by  a  reading  of  an  advance  proof. 

The  run-off  factor  (25  per  cent)  for  the  Balaclava  area 
may  strike  the  reader  as  needing  some  explanation  when 
applied  to  an  area  likely  to  be  well  built  up  in  the  future. 
It  is  not  strictly  comparable  with  the  run-off  factor  used 
in  storm  sewer  design.  It  was  little  more  than  an  allowance 
for  light  summer  rainfall  and  for  the  first  rush  of  storm 
water  after  a  dry  spell.  Its  selection  was  influenced  by 
considerations  not  all  readily  expressible  in  arithmetic. 
Mr.  R.  S.  Lea  reached  a  similar  final  result  but  it  was 
by  a  different  method.  It  is  to  be  noted  that  as  design 
was  based  in  an  estimate  of  the  flow  of  sewage  for  the 
maximum  hour  of  the  minimum  day  there  is  at  all  other 
times  room  in  the  sewer  for  more  rainfall  than  the  amount 
obtained  by  the  calculation. 

In  the  original  1912  scheme  Mr.  Lea  had  recommended 
the  separate  system  for  the  area  tributary  to  the  inter- 
ceptor, but  this  had  been  abandoned  at  an  early  stage  in 
the  history  of  the  Board,  a  step  which  imposed  on  the  new 
design  a  corresponding  change  in  method.  Conditions  as 
they  are  likely  to  be  some  thirty  or  forty  years  hence  were 
fully  realized  and  provided  for. 

Some  apparent  inconsistency  in  the  author's  hydraulics 
may  be  cleared  up  by  explaining  that  the  formula  used  in 
determining  the  dimensions  of  the  sewer  required  for  a 
given  rate  of  flow  was  that  of  Hazen  and  Williams.  Chezy 
was  used  only  for  preliminary  sketches  of  some  subsidiary 
structures.  The  statement  that  the  hydraulic  radius  of  an 
8-foot  horse  shoe  section  is  2,  in  so  far  as  it  suggests  that 
the  section  was  treated  as  a  circle,  implies  a  looser  standard 
of  approximation  than  was  in  fact  maintained  whenever 
possible  in  all  final  hydraulic  computation. 

The  estimated  maximum  rate  of  flow  relative  to  the 
average  was  increased  towards  the  upper  end  of  the  inter- 
ceptor to  allow  for  a  greater  fluctuation  in  the  discharge 
from  smaller  tributary  area. 

The  thorough  investigation  on  which  Mr.  Lea's  1912 
scheme  for  the  whole  peninsula  was  founded  included 
a  study  of  probable  future  population.  It  was  mainly  on 
this  with  a  few  emendations  suggested  by  the  passage  of 
time  that  design  was  based.  The  Town  Planning  Com- 
mission's estimate  became  available  before  construction 
began,  and  the  plans,  already  well  advanced,  were  checked 
by  the  new  figures,  but  the  results  varied  little  from  those 
already  adopted,  a  slight  increase  being  covered  by  a  small 
margin  of  capacity  already  provided. 

The  writer  hardly  hoped  to  make  the  butt  joint  on 
the  outfall  watertight  in  itself.  Experience  of  subaqueous 
work,  and  of  the  human  element  involved  in  it,  led  him 
to  endeavour  to  design  a  joint  which  would,  if  pulled  well 
home  by  mechanical  means,  ensure  the  beginning  of  tight- 
ness. He  was  then  thinking  of  lead  wool  for  filling  the 
recesses  and  had  a  long  eye  to  the  possibility  that  in  such 

(3)  Cumnock,  Ayrshire,  Scotland.  Chief  Engineer,  Vancouver  and 
Districts  Joint  Sewerage  and  Drainage  Board  1924-1933. 
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deep  and  often  turbid  water  the  caulking  at  some  joints 
might  be  imperfect.  The  butt  joint  plus  a  filling  even  of 
the  surrounding  silt  would  give  a  joint  of  a  kind.  The 
discovery  of  a  compound  which  enabled  the  filling  to  be 
placed  with  ease  was  fortunate.  The  joint  is  not  so  much 
a  "tongue  and  groove"  as  a  development  of  the  bell  and 
spigot  type  which  naturally  emerges  when  one  gives  the 
recess  a  wedge  shape  in  order  to  hold  the  filling.  The 
conical  shape  of  the  abutting  surfaces  should  be  noted. 
This  keeps  contiguous  pipe  concentric  when  pulled  into 
position.  It  is  necessary  that  the  cradle  of  steel  rails  be 
truly  and  carefully  laid  on  as  carefully  prepared  caps  and 
piling,  a  condition  which  in  this  particular  case  only  the 
author's  tenacity  and  meticulous  instrument  work  in  all 
weathers  made  possible  of  fulfilment.  The  writer  wishes 
also  to  acknowledge  his  debt  on  a  vital  point  to  published 
papers  on  the  work  of  other  engineers  on  the  Pacific  coast, 
and  to  an  unknown  American  contractor  with  whom  he 
once  discussed  the  subject. 

The  depression  or  channel  in  the  silt  of  the  ocean  bed 
at  the  2,000-foot  point  from  shore,  though  a  source  of 
anxiety,  presented  a  problem  of  unusual  interest.  There 
was  daily  a  general  ocean  current  across  the  line  of  the 
outfall  of  about  half  a  mile  to  five  miles  per  hour  as  measured 
at  the  surface.  The  presence  of  a  distinct  and  individual 
current  in  the  channel  70  feet  or  so  below,  more  rapid  than 
that  in  the  surrounding  sea,  was  more  a  matter  of  inference 
from  the  existence  of  the  channel  itself  than  from  the  in- 
conclusive evidence  obtained  by  direct  observation.  There 
was  nothing  improbable  in  the  formation  of  a  current  by 
the  edge  of  Spanish  Banks,  but  it  seemed  curious,  if  not 
improbable,  that  after  leaving  the  Banks  it  should  still 
maintain  itself  in  the  open  water  a  mile  further  east  as 
something  in  the  nature  of  a  submarine  stream,  a  thread 
comparatively,  in  the  great  body  of  the  surrounding  water, 
permeated,  as  it  was,  by  the  complex  and  involved  currents 
revealed  by  the  floats.  This  doubt  was  not  lessened  by 
reports  of  previous  dredging  operations.  It  seemed  reason- 
able to  suppose  that  in  any  case,  if  it  did  exist,  an  intermit- 
tent current  of  any  likely  velocity,  while  the  danger  of  its 
turning  right  or  left  was  recognized,  could  be  readily  enough 
diverted  upwards  into  the  water  above  by  a  long  sloping 
fill  protected,  if  necessary,  and  especially  from  scour  on  the 
lea  side  by  gravel.  Even  when  teredo  attacked  the  trestle 
there  seemed  to  the  writer  to  be  conflicting  elements  in 
the  evidence  as  to  the  cause  of  exposure  of  the  piling,  but 
the  obvious  explanation  was  accepted  and  in  the  repair 
shop  it  was  decided  to  risk  the  danger  to  which  creosoted 
piling  would  be  subject  from  ships'  anchors,  and  leave,  to 
support  the  pipe  across  the  channel,  an  open  trestle  per- 
mitting free  passage  between  the  bents.  There  was  the 
additional  consideration  that  it  would  the  more  securely 
keep  the  current  crossing  at  a  known  point.  In  1933, 
two  years  later,  and  after  two  flood  seasons  on  the  Fraser, 
the  piling  and  channel  were  examined  by  a  diver.  There 
appeared  to  be  no  erosion  of  the  channel  under  the  pipe, 
but  the  piling  itself,  due  possibly  to  a  dragging  anchor, 
showed  signs  of  damage.  The  greater  part  of  the  rest  of 
the  outfall  had  by  now  been  protected  by  gravel,  this  being 
done  gradually  as  the  fill  of  the  silt  subsided  and  packed 
round  the  pile  foundations  or  was  subject  to  erosion.  The 
diversion  of  a  possible  current  was  therefore  less  to  be 
feared  than  a  break  in  the  creosoted  surface  of  the  piling 
permitting  the  entrance  of  teredo.  The  crossing  at  the 
channel  was  accordingly  finally  filled  in  with  gravel. 

The  hydraulics  of  the  system  were  arranged  to  permit 
the  installation  at  any  time  necessary,  of  a  screening  plant 
at  the  foot  of  Imperial  street,  but  the  excellent  results  of 
operation  at  the  outlet  selected  by  Mr.  Lea,  make  it  seem 
unlikely  that  screening  will  be  required. 

One  or  two  calculations  such  as  that  based  on  a  figure 


given  in  Fowler's  work  on  foundations  did  notfperbaps 
quite  deserve  the  publicity  conferred  on  them  by  a  formal 
paper.  They  were  written  down  in  passing  to  throw  a 
side  light  on  the  point  under  consideration  and  were  not 
the  basis  of  design.  The  same  apphes  in  some  degree  to 
the  calculation  of  the  probable  concurrence  of  rainfall  and 
high  tide  at  the  foreshore.  The  writer  is  not  himself  enough 
of  a  mathematician  to  be  sure  whether  or  not  a  strict 
member  of  that  fraternity  would  demur  to  an  assumption 
that  the  alternatives  in  this  instance  are  equally  likely 
possibilities  in  the  sense  required  for  the  computation,  or 
might  not  go  further  even  and  insist  on  a  distinction  here 
between  probability  and  frequency.  Some  limitation  of 
data  in  any  case  there  was,  and  the  result  of  the  sub- 
sequent calculation,  when  transformed  into  probable  fre- 
quency over  a  period  of  time,  was  accepted  only  as  a 
rough  guide  to  judgment. 

In  calculating  the  heights  of  the  curving  weirs  approx- 
imate values  for  certain  factors  such  as  the  coefficient  of 
roughness  in  the  existing  sewer  were  assumed  or  estimated 
by  inspection,  and  the  weirs  so  built  that  they  could  be 
readily  raised  or  lowered,  the  final  adjustment  of  elevation 
to  be  determined  by  the  results  of  prolonged  operation. 

The  disintegration  of  lead  wool  in  some  old  joints  may 
have  been  due  to  incomplete  caulking  and  consolidation. 
Part  was  still  of  more  or  less  fibrous  texture. 

The  two-inch  paving  finish  contained  clean  sharp  sand 
as  well  as  pump-sand,  being  composed  of  one  part  cement, 
one  part  washed  sand,  and  one  part  fine  pump-sand. 

As  to  the  general  scheme  of  which  the  interceptor  is 
an  important  item,  only  an  engineer  familiar  with  the 
drainage  problems  of  some  older  cities  can  appreciate  the 
good  fortune  of  Vancouver  and  district  in  securing  a 
complete  general  plan  of  drainage  and  sewerage  so  early 
in  its  history.  And  perhaps  only  an  engineer  who,  like  the 
writer,  has  devoted  some  nine  years  to  its  development 
can  fully  appreciate  the  massive  grasp  and  skill  behind 
Mr.  Lea's  great  system  of  drainage  for  Vancouver  and  the 
Burrard  Peninsula. 

Chas.  Brakenridge,  m.e.i.c.(^) 

The  formation  of  the  Vancouver  and  Districts  Joint 
Sewerage  and  Drainage  Board  reflects  great  credit  on  the 
wisdom  and  foresight  of  the  public  men  and  officials  in 
office  at  the  time  this  scheme  was  conceived.  The  un- 
fortunate position  in  which  the  old  city  of  Vancouver 
was  placed,  with  rapidly  developing  areas  on  the  lower 
slopes  adjacent  to  tidewater  urgently  requiring  the  exten- 
sion of  sewerage  and  drainage  facilities  and  with  sparsely 
developed  lands  on  the  higher  levels  tributary  to  the  same 
drainage  outlets  but  located  in  adjoining  municipalities, 
drew  attention  forcibly  to  the  imperative  need  of  combined 
action. 

The  Board  is  responsible  for  the  provision  of  trunk 
sewers  and  drains  for  all  drainage  areas  of  400  acres  or 
over,  while  the  member  municipalities  retain  the  obligation 
to  provide  their  own  facilities  for  drainage  areas  of  lesser 
extent  than  400  acres,  as  well  as  for  all  lateral  sewers, 
drains,  and  property  connections. 

In  the  final  report  submitted  by  Mr.  E,.  S.  Lea,  the 
adoption  of  the  separate  system  was  strongly  urged  for 
the  area  tributary  to  English  bay,  notwithstanding  the 
fact  that  a  considerable  portion  of  this  area  had  already 
been  sewered  on  the  combined  system.  Mr.  Lea  recom- 
mended that  the  existing  sewered  area  should  be  rigorously 
confined  to  its  then  present  limits,  and  that  any  new 
construction  should  be  carried  out  on  the  separate  system. 

In  the  preliminary  design  for  an  interceptor  which  was 
advanced  in  the  Lea  report,  it  was  proposed  to  provide 
for  storm  water  from  those  areas  already  sewered  on  the 

(4)  City  Engineer,  Vancouver,  B.C. 
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combined  system  up  to  about  one-quarter  inch  per  hour; 
and  the  point  was  strongly  stressed  by  Mr.  Lea  that  unless 
the  balance  of  the  area  to  be  made  tributary  to  the  inter- 
ceptor was  sewered  on  the  separate  system,  there  would 
be  grave  danger  of  pollution  in  the  waters  adjacent  to  the 
foreshore  and  bathing  beaches. 

At  the  time  the  Lea  report  was  submitted,  the  limits 
of  the  city  of  Vancouver  in  the  area  tributary  to  the  inter- 
ceptor only  extended  as  far  south  as  16th  avenue,  the 
balance  of  the  territory  to  the  south  being  within  the  con- 
fines of  the  municipality  of  Point  Grey.  This  municipahty 
and  the  adjacent  one  to  the  east,  South  Vancouver,  were 
not  amalgamated  with  the  old  city  of  Vancouver,  till  the 
beginning  of  1929. 

Both  the  old  city  officials  and  those  of  the  Point  Grey 
municipality  were  favourably  disposed  to  the  adoption  of 
a  combined  system  of  sewerage  for  the  area  tributary  to 
this  interceptor;  and  in  a  report  submitted  to  the  provincial 
government  at  the  time  of  the  passing  of  the  act  by  two 
independent  engineers,  Messrs.  C.  H.  Rust  and  R.  H. 
Thompson,  it  was  pointed  out  that  the  danger  of  sewage 
pollution  of  the  foreshore  and  beaches  had  possibly  been 
over-estimated,  and  the  need  for  adoption  of  the  separate 
system  unduly  stressed.  Subsequently  a  resolution  was 
passed  by  the  Sewerage  Board  and  approved  by  the  provin- 
cial government,  substituting  a  combined  system  for  the 
separate  one  advocated  for  this  area;  and  the  further 
development  of  sewerage  facilities  has  consequently  been 
carried  out  on  the  combined  system. 

The  experience  gained  in  this  city  seems  to  be  some- 
what at  variance  with  some  of  the  arguments  generally 
advanced  in  favour  of  the  adoption  of  the  separate  system, 
particularly  in  regard  to  the  possibility  of  delaying  the 
installation  of  storm  drains  until  some  time  after  that  of 
sanitary  sewers.  It  has  been  found  here  that  in  the  develop- 
ment of  new  areas  there  has  often  been  a  greater  demand 
for  the  early  provision  of  facilities  to  take  care  of  storm 
water  in  districts  where  household  septic  tanks  are  giving 
reasonably  satisfactory  service,  and  where  sanitary  sewers 
are  not  therefore  immediately  required.  It  has  been  the 
experience  in  these  new  districts  that  more  trouble  and 
inconvenience  arise  from  the  flooding  of  low-lying  areas 
and  basements,  due  to  the  lack  of  storm  water  carriers, 
than  from  the  want  of  sanitary  sewers;  while  the  develop- 
ment of  street  improvements  has  often  been  retarded  from 
the  same  cause. 

Owing  to  the  large  areas  remaining  between  the  inter- 
ceptor and  the  foreshore  below  a  level  that  could  be  drained 
to  the  interceptor  the  sewage  from  such  areas  must  con- 
tinue to  discharge  into  waters  which  partially  reach  the 
bathing  beaches  until  pumping  stations  can  be  installed 
and  the  sewage  raised  to  the  interceptor  level.  In  this 
connection  it  may  be  pointed  out  that  the  city  acceded 
somewhat  reluctantly  to  the  proposal  to  move  the  head 
of  the  interceptor  one  block  further  south  on  Cambie 
street,  as  a  semi-trunk  sewer  had  been  in  existence  for 
several  years  on  7th  avenue,  discharging  into  Cambie 
street  trunk  at  that  point.  But  it  was  finally  arranged 
that  in  order  to  gain  an  additional  14  feet  of  head,  the 
interceptor  should  commence  at  8th  avenue  and  Cambie 
street  and  this  necessitated  the  construction  of  a  relief 
sewer  on  8th  avenue  for  a  distance  of  approximately  2,750 
feet  east. 

It  should  be  noted  that  the  city  of  Vancouver  was 
vitally  concerned  with  any  economies  that  could  be  effected 
in  the  construction  of  this  interceptor,  as  the  city's  share 
of  the  capital  cost  amounted  to  approximately  98  per  cent 
of  the  total  amount.  The  method  of  assessing  the  member 
municipalities  of  the  Sewerage  Board  finally  adopted  is  to 
distribute  30  per  cent  of  the  total  cost  of  any  particular 
trunk  sewer  project  amongst  the  member  municipalities  in 


the  ratio  of  the  total  assessed  value  of  the  land  in  the 
respective  municipalities,  while  the  remaining  70  per  cent 
of  the  cost  is  distributed  according  to  the  relative  total 
assessed  value  of  the  lands  actually  benefited  by  any  such 
sewer  or  project  in  the  particular  drainage  district,  irrespec- 
tive of  municipal  boundaries.  This  method  of  assessment 
was  provided  in  an  amendment  to  the  original  act  as  the 
result  of  an  appeal  lodged  by  the  old  city  of  Vancouver 
against  the  first  assessment,  which  was  based  on  a  strictly 
legal  interpretation  of  the  original  act.  The  revised  method 
was  based  on  the  assumption  that  the  general  health  of 
the  community  might  be  considered  to  be  benefited  to  the 
extent  of  30  per  cent  of  the  cost  of  any  particular  trunk 
sewer  or  project. 

One  of  the  most  interesting  features  of  the  paper  is 
that  part  dealing  with  the  submerged  outfall.  Great 
credit  was  reflected  on  the  engineers  responsible  for  the 
original  report  in  1912-13  when  it  was  finally  decided  some 
fifteen  years  later,  after  spending  an  additional  two  years 
in  further  extensive  investigations  and  studies,  to  locate 
the  outfall  in  substantial  accordance  with  the  original  plan 
notwithstanding  the  fact  that  considerable  development  of 
public  bathing  beaches  had  taken  place  in  the  vicinity  in 
the  meantime. 

It  may  be  of  interest  to  point  out  that  before  finally 
selecting  Imperial  street  as  the  most  suitable  point  for  the 
outfall  of  the  English  bay  interceptor,  Mr.  Lea  gave  serious 
consideration  to  the  possibility  of  carrying  the  interceptor 
in  the  opposite  direction  to  that  ultimately  selected,  and 
fixing  the  site  of  the  outfall  at  the  First  Narrows  of  Burrard 
Inlet,  where,  as  it  was  stated,  from  the  dispersion  point  of 
view  the  ideal  condition  of  discharge  existed.  But  the 
possibility  of  a  dam  being  constructed  at  some  future  time 
at  the  Second  Narrows  was  undoubtedly  an  adverse  in- 
fluence; and  the  original  report  of  Mr.  Lea  finally  set  forth 
that  "although  the  actual  cost  of  carrying  an  outfall  there 
(at  the  First  Narrows)  is  not  prohibitive,  it  was  considered 
that  equally  good  results  could  be  obtained  by  discharging 
at  a  more  accessible  point." 

The  decision  to  restrict  the  capacity  of  the  submerged 
outfall  to  what  was  necessary  to  convey  the  dry  weather 
flow  during  the  periods  of  extreme  high  tides  seems  to  have 
been  well  warranted  in  view  of  all  the  circumstances,  in- 
cluding the  fact  of  the  very  infrequent  intervals  during 
which  the  overflow  will  be  likely  to  discharge  during  the 
bathing  season.  The  storm  outlets  at  Balaclava  and  Maple 
streets  are  themselves  provided  with  smaller  submerged 
outfalls  discharging  below  low  water;  and  these  will  further 
tend  to  minimize  the  disposition  of  sewage  along  the  fore- 
shore. 

The  location  of  a  plant  in  the  city  equipped  to  manu- 
facture pre-cast  pipe  made  by  the  Hume  centrifugal  process 
facilitated  the  adoption  of  this  type  of  concrete  pipe  for 
the  submerged  outfall.  The  closeness  of  grain  which  marks 
the  Hume  pipe  in  the  smaller  sizes,  so  well  shown  under 
the  microscope,  and  which,  as  experiments  with  acetic  acid 
extending  over  eighteen  months  in  the  city  laboratory 
show,  is  accompanied  by  a  noteworthy  increase  of  resistance 
to  attack  by  agents  like  the  carbon  dioxide  dissolved  in 
the  sea-water  or  in  ordinary  ground-water,  is  not  so  marked 
in  the  large  pipe  sizes,  owing  to  the  slower  spin  and  the 
lesser  centrifugal  effect  during  manufacture.  There  is 
still,  however,  an  appreciably  greater  resistance  to  the 
accelerated  attack  by  acetic  acid  of  2  per  cent  strength 
on  the  large  sizes  of  Hume  pipe  as  compared  with  wet 
mix  pipes  of  the  same  size  which  had  been  cast  without 
the  spinning. 

The  vital  importance  of  obtaining  both  good  mechan- 
ical contact  and  water-tightness  in  the  joints  of  the  sub- 
merged outfall  appears  to  have  been  fully  recognized,  not 
only  in  the  design  of  the  joints,  but  also  in  the  care  taken 
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to  secure  accurate  grade  and  alignment  in  the  pipe-cradle 
before  the  pipe-lengths  were  placed  in  position.  It  is 
equally  reassuring  to  learn  that  such  good  results  were 
obtained  with  the  Sika  compound  used  in  caulking  the 
pipe-joints.  Engineers  will  follow  with  interest  the  service 
record  of  this  important  installation  of  pre-cast  pipe  and 
its  jointing  material.  But  the  care  which  seems  to  have 
been  exercised  throughout  in  laying  and  jointing,  taken  in 
conjunction  with  the  prompt  backfilling  of  the  trench  and 
the  numerous  and  substantial  pile-bents,  give  all  reasonable 
assurance  of  security  at  the  joints.  The  thickness  of  the 
pipe-shell,  l}/2  inches,  ought  to  be  sufficient  to  guarantee 
that  the  pipe  will  have  long  life  so  far  as  chemical  attack 
is  concerned. 

It  is  certainly  disturbing  to  learn  that  the  teredos 
were  capable  of  working  so  much  havoc  in  such  a  short 
space  of  time  as  was  experienced  in  this  case;  and  engineers 
are  indebted  to  the  writer  of  the  paper  for  bringing  the 
occurrence  to  their  attention. 

It  is  interesting,  though  in  no  way  surprising,  that 
total  darkness  exists  at  the  bottom  of  English  bay.  The 
enormous  quantity  of  fine  silt  carried  down  by  the  Eraser 
river,  which  has  its  origin  in  the  wide  and  deep  masses  of 
glacial  material  that  were  deposited  in  its  broad  valley 
during  the  Ice  Age,  fully  accounts  for  the  darkness  at  the 
bottom  of  the  bay,  as  can  be  understood  by  a  comparison 
of  the  colour  of  the  water  in  the  bay  with  that  from  the 
open  sea,  especially  during  the  periods  of  high  water  in 
the  Eraser  river. 

G.  M.  Gilbert,  a.m.e.i.c.^^)  (Author's  Reply.) 

There  is  nothing  further  to  be  added  to  the  discussion 
submitted  by  Mr.  J.  M.  Begg.  He  goes  more  fully  into 
some  of  the  features  of  design  which  were  mentioned  in 
the  paper. 

The  discussion  submitted  by  Mr.  Brakenridge  adds 
considerably  to  the  knowledge  of  this  project  and  stresses 
points  which  were  not  fully  developed  in  the  paper. 

(5)  Acting  Engineer  and  Superintendent,  Vancouver  and  District 
Joint  Sewerage  and  Drainage  Board,  Vancouver,  B.C. 


Mr.  Greer's  discussion  might  be  analyzed.  He  states 
that  in  time  the  bathing  beaches  along  the  south  shore  of 
English  bay  will  have  to  be  abandoned  or  provision  made 
for  extending  the  outfalls.  He  also  questions  the  location 
of  the  outlet  off  Imperial  street.  The  answer  to  both  these 
objections  is  that  the  present  outlet  is  only  temporary, 
provision  having  been  made  for  the  ultimate  outlet  some 
2,500  feet  further  off  shore. 

Mr.  Creer  mentions  the  possibility  that  an  interceptor 
may  have  to  be  carried  in  the  opposite  direction  syphoning 
under  False  creek  to  the  neighbourhood  of  Prospect  Point 
to  discharge  into  the  high  velocity  currents  there.  This 
is  a  very  remote  possibility.  A  much  more  likely  develop- 
ment will  be  the  extension  of  the  interceptor  through  the 
University  Endowment  Lands  to  discharge  into  the  Gulf 
of  Georgia  somewhere  near  Point  Grey.  The  interceptor 
was  built  with  this  possible  development  in  mind  and  the 
extension  westward  would  continue  from  the  corner  of  1st 
avenue  and  Imperial  street,  although  the  present  outfall 
would  no  doubt  always  be  in  use  to  carry  part  of  the  flow. 

While  it  may  be  possible  to  flush  grit  out  of  the 
short  outfalls  it  would  only  be  asking  for  trouble  to  allow 
grit  to  settle  in  the  long  outfall  off  Imperial  street.  In  fact, 
as  pointed  out  in  the  paper,  one  of  the  cardinal  points  of 
design  was  that  no  grit  should  be  allowed  to  enter  the 
submarine  pipe. 

The  argument  of  "Contract  vs.  Day  Labour"  is  a 
matter  of  opinion  and  one  in  which  circumstances  play  so 
large  a  part  that  it  is  impossible  to  make  a  definite  state- 
ment one  way  or  the  other. 

The  Sika  compound  has  not  been  analyzed.  The  joint 
shown  in  Fig.  1  was  especially  designed  to  give  a  butt 
joint  and  yet  permit  of  closure.  The  action  of  the  com- 
pound is  to  increase  the  hydration  and  prevent  the  efflores- 
cence always  present  in  Portland  cement.  Number  3  Sika, 
the  one  used,  is  a  liquid  used  for  making  a  rapid-setting 
concrete,  and  for  surfacing  floors  where  an  extremely  hard 
and  impervious  and  smooth  finish  is  required.  It  is  largely 
used  for  pipe  jointing  under  water. 
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Streamlining 


J.  J.  Green,  A.R.C.Sc,  Ph.D., 
National  Research  Laboratories,  Ottawa,  Ont. 

Paper  presented  before  the  Ottawa  Branch  of  The  Engineering  Institute  of  Canada,  October  18th,  1934. 


One  of  the  most  vital  questions  to  the  engineer  is 
efficiency.  In  the  forward  march  of  appHed  science  this 
factor  becomes  increasingly  important. 

Within  the  last  twenty  years  the  aeroplane  has  entered 
into  the  field  of  transportation,  and  the  threat  of  competi- 
tion has  awakened  the  transport  engineer  to  a  realization 
of  all  the  possibilities  for  improved  efficiency  that  have 
been  waiting  for  him  ever  since  George  Stephenson  built 
the  "Rocket." 

The  following  notes  refer  to  one  of  these  possibilities, 
viz. J  the  reduction  of  air  resistance  by  streamlining. 

When  a  body  is  moving  through  air  or  any  other  fluid, 
a  variety  of  phenomena  can  be  observed.  In  order  to 
examine  these  phenomena  in  detail,  we  will  travel  with 
the  body  so  that  relative  to  ourselves  it  is  at  rest  and  the 
fluid  is  moving  past.  As  the  fluid  meets  the  body,  it  becomes 
displaced  by  it  and,  in  being  compelled  to  flow  around  the 
body  contour,  its  velocity  becomes  changed  in  regions  close 
to  the  body,  the  effect  being  diminished  with  distance  from 
the  body. 

Two  types  of  resistance  are  encountered, — one  due  to 
the  viscosity  of  the  fluid  arising  from  the  frictional  forces 
called  into  play  by  the  relative  motion  of  the  body  and  the 
fluid  adjacent  to  it,  and  the  other  due  to  the  inertia  of  the 
fluid,  involving  its  density  and  the  impressed  velocity 
changes,  which  give  rise  to  variations  of  pressure  around 
the  contour  of  the  body.  These  two  types  of  resistance 
are  usually  referred  to  as  the  "skin  friction"  and  the  "form 
drag." 

Suppose  that  our  body  is  of  cylindrical  shape  of  say 
elliptic  cross  section  and  that  we  have  a  variety  of  instru- 
ments for  examining  the  behaviour  of  the  fluid.  We  observe 
that,  depending  on  the  velocity,  there  are  two  specific  types 
of  flow  pattern.  At  extremely  low  velocities  the  flow  is  said 
to  be  streamline,  taking  place  as  it  does  along  definite 
paths  with  respect  to  the  body  which  are  unchanging  with 
time. 

At  "A"  where  the  fluid  impinges,  the  pressure  on  the 
body  rises  above  the  pressure  in  the  remote  fluid  by  an 
amount  ^  pV^,  where  p  is  the  fluid  density  and  V  its 
velocity  relative  to  the  body,  representing  the  kinetic 
energy  in  unit  volume  which  is  yielded  up  by  the  fluid 
arrested  at  "A."  From  stagnation  at  "A"  the  fluid  is 
accelerated  due  to  the  constricting  action  of  the  body  on 
the  stream.  The  centrifugal  tendency  of  the  accelerating 
fluid  to  leave  the  curved  surface  causes  the  pressure  to 
fall  below  the  pressure  in  the  remote  fluid.  From  "B"  to 
"C"  the  velocity  is  falling  and  the  pressure  rising,  with  the 
result  that  the  pressure  distribution  around  the  cylinder 
is  such  as  to  give  rise  to  a  very  small  pressure  resistance 
or  form  drag.  The  major  portion  of  the  resistance  is  com- 
posed of  skin  friction  due  to  the  body  retarding  the  adjacent 
fluid  layer  through  the  mechanism  of  viscosity. 

As  the  relative  velocity  V  is  increased,  the  fluid 
particles  have  an  increasing  tendency  to  fly  off  tangentially 
to  the  surface  of  the  cylinder  and  the  restraint  provided 
by  viscosity  is  insufficient  to  maintain  this  type  of  flow. 
At  a  critical  velocity,  depending  on  the  shape  and  size  of 
our  body,  the  second  type  of  flow  sets  in.  On  the  fore- 
body  the  flow  resembles  streamline  flow,  but  the  boundary 
layer  between  "A"  and  "B,"  the  thin  fluid  layer  in  which 
the  viscous  forces  between  body  and  fluid  are  operative, 
now^breaks  away  from  the  body  and  travels  downstream. 
Since  the  inside  of  this  layer  has  been  retarded  by  friction 
over  the  body  surface,   a  large  velocity  gradient  exists 


across  it,  the  fluid  on  the  inside  moving  much  more  slowly 
than  that  on  the  outside  edge.  This  causes  the  sheet  of 
fluid  to  roll  up  into  a  vortex  which  travels  downstream 
behind  the  cylinder.  In  this  way  a  wake  of  vorticity  is 
generated  by  the  body,  alternate  vortices  being  shed  from 
either  side.* 

With  this  second  type  of  flow,  the  excess  pressure  at 
"A"  is  again  \  pV^,  falls  to  a  minimum  between  "A"  and 
"B,"  recovers  shghtly  near  "B,"  but  remains  below  the  m 
pressure  in  the  remote  fluid  over  the  remainder  of  the  ■ 
surface.  This  type  of  pressure  distribution  naturally 
results  in  a  large  form  drag  in  comparison  with  which 
the  skin  friction  is  negligible. 

It  is  evident  that  the  breakaway  of  the  flow  depends  X 
very  much  on  the  sharpness  of  the  turn  it  must  make  in  •  * 
order  to  adhere  to  the  surface.  By  changing  the  body 
shape  so  that  it  converges  gradually  to  a  sharp  tail,  the 
breakaway  of  the  flow  is  delayed  and  a  wide  wake  with 
its  low  pressure  is  absent.  This  is  the  principle  involved 
in  streamlining  which  aims  at  maintaining  always  a  type 
of  flow  similar  to  the  first  type  discussed.  A  number  of 
flow  photographs  have  been  published  which  show  how 
streamlining  reduces  the  width  of  the  wake  and  induces 
the  fluid  to  follow  the  body  contour,  and  convincing 
numerical  results  can  be  quoted  showing  what  enormous 
savings  in  resistance  can  be  made  on  simple  shapes  such 
as  the  square  and  circular  section  by  replacing  them  by 
streamlined  sections. 

Returning  to  the  mechanism  of  the  breakaway  of  the 
flow,  the  pressure  distribution  around  the  body  is  also  a 
controlling  factor.  From  "A"  towards  "B"  the  falling 
pressure  urges  the  fluid  of  the  boundary  layer  along  in 
the  general  direction  of  flow,  but  having  reached  a  minimum 
the  pressure  makes  an  effort  to  recover  its  former  value 
with  the  result  that  the  boundary  layer  meets  a  rising 
pressure  which  opposes  its  motion.  This  assisted  by  viscous 
forces  slows  it  down  so  that  a  stagnation  occurs  and  the 
fluid  following  on  behind  is  forced  to  leave  the  surface. 

Now  two  types  of  flow  are  possible  within  the  boundary 
layer  itself,  viz.,  laminar  and  turbulent  flow.   In  the  former 
type,  the  motion  takes  place  in  definite  layers  and  in  the 
latter  type  there  is  an  interchange  of  particles  between 
adjacent  layers.    If  the  boundary  layer  flow  changes  from 
laminar  to  turbulent,  some  of  the  faster  moving  air  out-        _ 
side  gets  mixed  into  the  layer,   bringing  fresh  stores  of        | 
energy  which  enable  the  boundary  layer  to  carry  on  for         ' 
a  greater  distance  against  the  adverse  pressure  gradient. 


Fig.  1. 

This  delay  of  the  breakaway  reduces  the  width  of  the 
wake  and  thereby  reduces  the  form  resistance  of  the  body. 
In  the  case  of  a  sphere  for  instance  roughening  its  surface 
actuallv  reduces  the  drag  due  to  this  cause. 

The  action  of  a  turbulent  boundary  layer  in  reducing 
drag  is  only  operative  in  cases  where  the  body  drag  is 
mainly  form  drag.  In  the  case  of  a  streamlined  body,  form 
drag  has  been  much  reduced  and  the  resistance  is  due 

*See  Engineering  Journal,  June  1931,  p.  357. 
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predominantly  to  skin  friction.  If  now  the  boundary  layer 
becomes  turbulent,  its  increased  energy  content  will  give 
rise  to  greater  intensity  of  friction  between  itself  and  the 
body.  The  increased  skin  friction  will  therefore  appear  as 
a  larger  measured  total  drag  and  this  is  found  to  be  the  case 
in  practice. 

In  testing  models  of  streamlined  bodies  such  as  air- 
ships in  a  wind  tunnel,  at  some  position  along  the  body  the 
boundary  layer  changes  from  laminar  to  turbulent.  If  the 
body  is  a  "poor"  streamhned  shape,  the  transition  occurs 
more  towards  the  front,  most  of  the  boundary  layer  is 
turbulent  and  consequently  the  measured  drag  is  higher 
than  for  a  "good"  streamlined  shape  of  the  same  slender- 
ness  ratio. 

Increasing  the  scale  of  the  model  or  the  wind  speed 
causes  the  transition  point  to  move  forward  on  the  model. 
It  would  appear  therefore  that  due  to  the  size  of  airships 
their  boundary  layers  are  almost  certain  to  be  wholly 
turbulent  and  a  shape  that  is  considered  to  be  a  "good" 
streamline  will  have  as  much  skin  friction  drag  as  one  that 
is  considered  a  "poor"  streamline. 

This  work  on  turbulent  boundary  layers  is  quite  recent. 
The  airships  R-lOO  and  R-101  carried  concentrated  loads 
at  the  nose  and  tail  where  mooring  gear  and  control  sur- 
faces were  located,  yet  due  to  their  streamlined  shapes  a 
poor  distribution  of  buoyancy  existed  which  resulted  in 
the  presence  of  large  bending  moments  in  the  framework. 
Had  it  been  known  at  the  time  that  a  "poor"  streamlined 
shape  would  have  had  as  low  an  air  resistance,  a  more 
cylindrical  shape  could  have  been  used  resulting  not  only 
in  reduced  bending  moments  but  also  in  cheaper  and  more 
rapid  construction  due  to  the  use  of  a  large  number  of 
identical  frames  instead  of  all  the  frames  being  different 
in  size  as  was  the  case. 

For  bodies  on  a  less  gigantic  scale  this  need  not  worry 
us  and  good  streamlined  shapes  are  always  desirable. 

Having  outlined  the  phenomena  which  attend  the 
motion  of  bodies  through  fluids  and  having  indicated  how 
by  controlling  these  phenomena  by  the  principles  of  stream- 


lining large  savings  in  resistance  can  be  obtained  on  simple 
shapes,  existing  transport  vehicles  will  be  considered  to  see 
what  steps,  if  any,  have  been  taken  to  utilize  this  knowledge 
in  the  quest  for  economy  of  power  or  the  attainment  of 
higher  speeds. 

Air  travel  is  of  course  the  youngest  mode  of  transport 
and  yet  we  find  that  the  streamlined  body  is  the  foundation 
on  which  all  aircraft  design  is  built.    Without  streamlining, 


_>S' 


(£^  fC©.)?-^^ 


Fig.  2. 


air  transport  would  be  impossible  and  for  this  reason  the 
accumulation  of  all  this  knowledge  concerning  motion 
through  fluids  has  been  done  mainly  by  groups  of  scientists 
primarily  interested  in  the  development  of  aircraft. 

Turning  to  a  consideration  of  land  transport  vehicles, 
we  are  at  once  impressed  by  the  absence  of  streamlined 
types  and  a  seemingly  total  disregard  for  the  saving  of 
power.  In  the  case  of  steam  locomotives,  for  instance,  very 
little  indeed  has  been  done  in  the  way  of  streamlining  and 
yet  the  sharp  corners  and  discontinuities  of  existing  railway 
equipment  must  at  high  speeds  absorb  much  power  in 
creating  unwanted  air  resistance. 

In  the  last  few  years  there  has  been  a  slight  trend  in 
certain  directions  towards  streamlined  types.  Rail  coaches 
and  rail  cars  have  been  introduced  in  which  great  care  has 
been  lavished  on  the  external  design,  which  has  in  most 
cases  been  developed  in  wind  tunnel.  In  the  automobile 
industry  a  number  of  outstanding  tests  and  attempts  have 
been  made  at  producing  an  efficient  streamlined  automobile. 
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Public  Works  Tenders  and  Contracts 

The  programme  of  public  works  which  is  now  being 
carried  out  by  the  Dominion  and  provincial  governments 
is  regarded  as  an  effort  to  set  the  construction  industry 
on  its  feet,  and  has  met  with  general  approval  from  this 
point  of  view. 

The  considerable  expenditure  which  it  involves  will 
naturally  be  watched  carefully  by  the  public,  who  realize 
that  at  a  difficult  time  like  the  present  it  is  of  special 
importance  that  the  funds  provided  by  the  hard-pressed 
taxpayers  shall  be  wisely  and  economically  administered. 
It  is  evident  that  to  attain  this  end  the  best  possible  methods 
should  be  followed  in  letting  tenders  and  supervising  the 
execution  of  contracts  for  public  works. 

Anything  that  can  be  done  to  improve  present  practice 
in  this  respect  will  meet  with  the  willing  support  of  the 
engineering  profession.  The  many  members  of  The  Institute 
who  are  connected  with  the  construction  industry  will 
therefore  join  the  Council  of  The  Institute  in  welcoming 
the  request  received  last  year  from  the  Canadian  Chamber 
of  Commerce  to  furnish,  for  the  information  of  its  com- 
mittee on  Sound  Public  Finance,  recommendations  and 
comments  as  to  the  procedure  desirable  in  dealing  with 
tenders  for  public  works,  and  the  measures  which  should 
be  taken  to  ensure  satisfactory  results  from  the  contractors' 
work.  In  response  to  that  request  a  valuable  report  on 
this  subject  has  been  prepared  by  a  committee  appointed 
by  the  Council  and  has  been  forwarded  to  the  Chamber 
of  Commerce  for  their  information. 

Council  has  directed  its  publication  for  the  benefit  of 
the  membership  at  large  and  it  will  be  found  on  page  131 
of  this  issue  of  The  Journal. 

Members  who  are  already  familiar  with  this  branch 
of  engineering  work  will  find  that  this  clearly  drawn  and 
outspoken  document  deals  with  many  points  on  which  they 
have  looked  for  information  and  in  which  improvement  in 


the  present  general  practice  seems  possible.  Its  publica- 
tion will  give  to  those  who  are  not  engaged  in  construction 
work  some  idea  of  the  many  precautions  which  are  necessary 
in  planning  and  executing  public  works  if  a  fair  deal  is  to 
be  secured  both  for  the  public  and  the  contractor,  and  if 
an  adequate  return  is  to  be  obtained  when  public  money 
is  expended  in  this  manner. 

The  report  will  repay  careful  study  and  should  be 
considered  in  relation  to  the  Canadian  Standard  Forms  of 
Construction  Contract  to  which  reference  was  made  in  our 
January  issue. 

It  will  be  seen  that  the  committee  appointed  by 
Council  was  thoroughly  representative  in  its  membership. 
In  preparing  their  report  they  dealt  first  with  the  practice 
which  is  desirable  as  regards  the  calling  of  tenders,  after- 
wards discussing  the  manner  in  which  such  tenders  are 
dealt  with,  the  way  in  which  contracts  should  be  interpreted, 
and  a  number  of  important  points  in  connection  with  the 
inspection  and  final  acceptance  of  public  works  carried  out 
by  contract. 

Very  properly,  the  committee  has  not  confined  its 
recommendations  to  technical  questions,  but  has  dealt 
with  many  considerations  affecting  the  business  relations 
of  the  parties  concerned.  In  carrying  out  its  task  dogmatic 
methods  of  presentation  have  been  successfully  avoided; 
its  recommendations  are  backed  by  reasoned  argument 
throughout. 

In  dealing  with  such  topics  as  have  been  placed  before 
it  there  has  naturally  been  room  for  difference  of  opinion 
on  many  points.  It  is  therefore  satisfactory  to  note  that 
with  one  exception  the  committee's  findings  are  unanimous. 
That  point  refers  to  the  suggestion  that  tenders  for  public 
works  of  considerable  magnitude  and  importance  should 
only  be  asked  from  those  contractors  who  have  proved  to 
the  authorities  that  they  have  the  equipment,  personnel, 
experience  and  financial  backing  necessary  to  carry  out  the 
proposed  work  successfully.  In  this  matter,  however,  one 
member  holds  that  such  selection  might  militate  against 
the  entry  of  new  contractors  into  the  field,  even  if  they  did 
possess  the  necessary  resources  to  undertake  the  work. 

The  wide  experience  of  the  committee  members  has 
enabled  them  to  suggest  means  of  avoiding  many  sources 
of  potential  difficulty  between  the  owner,  the  engineer  and 
the  contractor;  for  this  reason  their  remarks  on  such  topics 
as  unbalanced  tenders,  tenders  based  on  insufficient  prelim- 
inary investigation  of  the  site  and  its  conditions,  the 
formalities  of  procedure  desirable  in  opening  tenders  and 
awarding  contracts,  and  the  thorny  subject  of  contractors' 
guarantees  for  the  signing  of  contracts  and  satisfactory 
performance  of  the  work  are  worthy  of  close  attention. 

The  concluding  section  of  the  report  rightly  draws 
attention  to  the  way  in  which  an  irresponsible  contractor 
may  derive  an  unfair  advantage  if  the  specifications  are 
not  strictly  drawn  and  closely  adhered  to.  The  committee's 
views  on  the  importance  of  providing  fully  qualified  en- 
gineers for  the  direct  supervision  of  work  in  progress,  and 
the  desirability  in  many  cases  of  the  employment  of  out- 
side consulting  engineers  and  architects  in  the  preparation 
of  designs  for  important  buildings,  structures  and  bridges, 
are  all  timely  and  most  commendable.  While  the  report 
deals  specifically  with  the  question  of  pubUc  works  con- 
tracts, many  of  its  recommendations  covild  be  applied  with 
advantage  in  contracts  for  the  purchase  of  engineering 
equipment  by  pubUc  authorities. 

The  committee's  work  forms  an  admirable  illustration 
of  the  fact  that  the  successful  outcome  of  an  engineer's 
efforts  does  not  depend  on  technical  knowledge  and  ability 
alone.  There  must  also  be  a  continuous  application  of 
sound  ethical  and  business  principles  throughout  the  prep- 
aration, execution  and  supervision  of  the  undertaking. 
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Frederick  Arthur  Gaby,  D.Sc-,  M.E.I.C. 

President  of  The  Engineering  Institute  of  Canada 


The  long  list  of  past-presidents  of  The  Institute 
includes  the  names  of  men  who  have  distinguished  them- 
selves in  many  branches  of  the  profession.  Their  wide 
range  of  professional  experience  is  in  keeping  with  the 
diversity  of  interests  of  our  members  and  the  variety  of 
engineering  topics  dealt  with  in  our  branch  and  Institute 
meetings.  Looking  back  over  the  past  five  years  the 
presidential  chair  has  been 
occupied  in  succession  by  a 
a  Federal  Government  en- 
gineer, responsible  for  con- 
struction work  on  a  large 
scale;  an  officer  of  a  great 
railway  company,  who  is 
engaged  in  irrigation  work 
and  the  development  of 
natural  resources  in  the 
west;  a  civil  servant  who 
is  an  authority  on  mining 
engineering  and  economic 
geology;  an  official  of  one 
of  the  provincial  govern- 
ments in  charge  of  the 
water  power  resources  of 
the  province,  and  the  chief 
engineer  of  one  of  our  large 
bridge  companies,  versed  in 
the  design  and  fabrication 
of  great  steel  structures. 

The  professional  career 
of  Dr.  F.  A.  Gaby,  who  has 
been  elected  President  for 
1935,  differs  from  all  of 
these.  For  the  past  twenty 
years  he  has  served  as  chief 
engineer  of  a  publicly 
owned  utility,  which  is 
equally  remarkable  for  the 
magnitude  of  its  operations 
and  the  excellence  of  the 
service  it  has  rendered  to 
the  public.  During  this 
period  the  Hydro-Electric 
Power  Commission  of  On- 
tario has  expended  some 
$300,000,000  on  its  various 
developments,  which  now 
carry  a  peak  load  of  nearly 
1,500,000  h.p.  and  supply 
electrical  energy  to  more  than  750  municipalities  in  the 
province.  Dr.  Gaby  has  thus  had  an  outstanding  career 
in  thie  field  of  engineering,  and  has  established  for  himself 
an  international  reputation  as  an  authority  on  problems 
of  electrical  supply,  distribution  and  utilization. 

He  was  born  at  Richmond  Hill,  Ontario,  on  March 
26th,  1878,  and  graduated  from  the  School  of  Practical 
Science,  University  of  Toronto,  receiving  the  degree  of 
B.A.Sc.  in  1903,  and  those  of  M.E.  and  E.E.  in  1904. 


FREDERICK  ARTHUR  GABY,  D.Sc,  M.E.I.C 


Following  graduation  Dr.  Gaby  became  erecting  en- 
gineer with  the  Canadian  General  Electric  Company  on 
the  Nova  Scotia  Steel  and  Coal  Company  work  at  Sydney 
Mines.  The  next  two  years  found  him  employed  in  a 
similar  capacity  with  the  Toronto-Niagara  Company,  and 
in  1906  he  became  chief  assistant  electrical  engineer  at  the 
Pointe  du  Bois  power  plant  on  the  Winnipeg  river.     Dr. 

Gaby  joined  the  service  of 
the  Hydro-Electric  Power 
Commission  of  Ontario  in 
1907,  and  acted  in  the 
capacity  of  assistant  chief 
engineer  until  1912,  when 
he  became  chief  engineer 
of  the  Commission,  later 
acting  also  as  chief  execu- 
tive officer. 

Dr.  Gaby  in  1924  was 
honoured  by  the  Univer- 
sity of  Toronto,  receiving 
the  degree  of  Doctor  of 
Science  as  a  recognition  of 
his  outstanding  work  in  the 
field  of  hydro-electric  power 
engineering  in  Canada. 

Early  in  1934,  owing  to 
a  change  in  government  in 
the  province  of  Ontario, 
Dr.  Gaby  ocvered  his  con- 
nection with  the  Hydro- 
Electric  Power  Commission 
of  Ontario,  and  became 
consulting  engineer  with 
Noranda  Mines  Limited. 
Later  in  the  year  he  was 
appointed  assistant  to  the 
president  of  the  Canadian 
Pacific  Railway  Company, 
with  headquarters  in  Mont- 
real, and  at  the  same  time 
assumed  the  duties  of  vice- 
president  of  the  Seigniory 
Club  Association  of  Monte- 
bello. 

Dr.  Gaby  became  a  Mem- 
ber of  The  Engineering 
Institute  of  Canada  on 
February  25th,  1919. 
He  is  a  member  of  many 
national  and  international  societies,  including  the  American 
Institute  of  Electrical  Engineers,  the  Institution  of  Elec- 
trical Engineers  (Great  Britain),  the  American  Society  of 
Civil  Engineers,  the  American  Society  of  Mechanical  En- 
gineers, and  is  a  Fellow  of  the  Royal  Society  of  Arts. 

The  choice  of  Dr.  Gaby  as  President  for  the  ensuing 
year  forms  a  noteworthy  recognition  of  the  importance  of 
power  engineering  among  the  services  through  which 
engineers  contribute  to  the  working  of  the  modern  state. 
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Address  of  the  Retiring  President 

F.  P.  Shearwood,  M.E.I.C. 

STRUCTURAL    ENGINEERING 

Delivered  before  the  Forty-Ninth  Annual  General  Meeting  of  The  Engineering  Institute  of  Canada,  Toronto,  Ontario. 

February  7th,  1935. 


Before  delivering  to  you  the  customary  Presidential 
address  in  the  usual  formal  manner,  I  want  to  express  my 
sincere  thanks  for  the  hospitable  reception  given  to  me  by 
the  members  of  every  Branch  of  The  Engineering  Institute 
which  I  visited  throughout  Canada. 

This  kindly  hospitality  transformed  my  responsibilities 
and  duties  into  a  pleasure,  and  it  was  a  gratification  to  me 
to  find  everywhere  the  eager  and  vigorous  enthusiasm  for 
the  well-being  and  progress  of  The  Institute. 

During  the  year  in  which  I  have  had  the  honour  of 
holding  the  office  of  President  of  your  Institute,  I  have 
been  more  and  more  impressed  with  the  fact  that  The 
Engineering  Institute  of  Canada  is  a  body  which,  by  its 
very  nature,  generates  loyalty  to  the  ideals  for  which  it 
was  originally  founded.  It  is  true  that  time  and  energy 
have  been  given  to  such  secondary  matters  as  the  methods 
of  our  administration,  but  the  general  feeling  is  that  the 
voluntary  interchange  of  knowledge,  to  which  we  give  of 
our  professional  best,  is  the  main  characteristic  which 
commands  a  loyalty  and  devotion  such  as  no  coercive  or 
compulsory  organization  could  beget  or  develop. 

In  addition  to  this,  I  have  observed  that  the  character 
of  the  aggregate  of  our  members  is  determined  by  the 
character  of  the  individual.  There  is  expected  from  each 
member  a  zealous  study  of  his  own  particular  line  of 
engineering,  and  there  is  also  demanded  from  each  in- 
dividual student  a  modest  effort  to  transmit  to  his  fellow 
engineers  the  ideas  and  benefits  gained  from  his  investiga- 
tions. 

For  this  reason  I  venture  to  address  you,  not  on  the 
methods  of  conducting  the  affairs  of  The  Institute  or  the 
law  and  order  involved  in  its  temporal  affairs,  not  on  the 
whole  vast  subject  ot  engineering  with  all  the  ramifications 
which  our  profession  includes,  but  on  the  detached  branch 
of  structural  engineering,  a  subject  in  the  study  of  which 
I  have  spent  practically  all  my  working  time  for  nearly 
half  a  century. 

Structural  engineering,  and  particularly  that  which  has 
to  do  with  metal  structures,  has  developed  greatly  during 
the  last  fifty  years,  and  it  is  interesting  to  review  the  trend 
of  this  development,  not  only  for  the  sake  of  showing  the 
progress,  but  also  to  detect  or  suggest  defects  or  exaggera- 
tions which  may  have  crept  into  design  (or  rather  into  the 
control  of  design),  and  to  point  to  lessons  to  be  gained 
from  existing  structures,  and  from  those  which  are  now 
obsolete. 

Bridges  formed  by  far  the  greatest  part  of  structural 
designing  in  iron  and  steel  during  the  latter  part  of  the  last 
century.  Considering  only  Canadian  bridges  we  find  that 
in  the  year  of  Queen  Victoria's  Jubilee  steel  was  beginning 
to  replace  wrought  iron.  Canadian  railways  then  had  many 
different  types  of  metal  bridges  on  their  roads.  The  Grand 
Trunk  Railway  and  the  Intercolonial  Railway  had  bridges 
of  English  design  which  were  mostly  multiple  lattice  girders, 
plate  girders  and  box  girders.  The  most  notable  of  these 
was  the  old  Victoria  bridge,  at  Montreal,  a  box  type  of 
continuous  plate  girder,  having  spans  of  250  and  340  feet. 
It  was  remarkable  not  only  on  account  of  its  long  service 
but  even  more  so  because  of  many  features  in  its  construc- 
tion which  might  be  cited  in  proving  the  extravagances  of 
modern  designing.  The  lattice  girders  with  multiple  web 
system  of  flats  and  single  angles  and  T-shaped  chords 
which  were  in  service  on  the  Intercolonial  main  line  until 


1910  and  1911,  and  since  then  have  been  transferred  to 
highway  crossings,  evidence  the  fact  that  many  of  the 
limitations  and  restrictions  of  modern  designing  are  un- 
necessarily severe. 

The  Canadian  Pacific  Railway,  which  was  buOt  during 
the  eighties,  generally  used  for  long  spans  the  pin  and  link 
type  of  truss,  which  was  very  popular  at  that  time.  These 
structures  presented  a  curious  mixture  of  strict  conformity 
to  theoretical  requirements  and  flagrant  neglect  of  them. 
Pin  joints  were  favoured  on  account  of  the  fact  that  the 
members  were  concentrically  grouped  and  free  to  turn, 
while  riveted  connections  were  avoided  because  the  fixed- 
ness of  their  joints  might  induce  dangerous  secondary 
strains.  On  the  pin-connected  bridges,  while  their  main 
truss  members  were  concentrically  grouped,  most  horrible 
eccentric  connections  were  used  for  assembling  all  other 
parts.  Perhaps  the  main  reason  for  the  popularity  of  the 
pin  and  link  type  of  construction  was  not  so  much  the 
claim  of  truly  articulated  joints,  but  rather  that  they  were 
easy  and  cheap  to  erect.  In  those  days  all  field  riveting 
was  done  by  hand  riveters.  This  was  an  expensive  process 
and  it  was  often  very  difficult  to  obtain  good  riveting.  Pin- 
connected  spans  are  now  seldom  used  for  new  bridges, 
partly  on  account  of  the  cheapening  of  riveted  members 
and  their  connections  as  compared  with  eye  bars  and  pin 
joints,  but  more  because  experience  has  proved  that  the 
riveted  truss  is  the  stiffer  and  that  no  harm  has  resulted 
from  the  rigidity  or  fixedness  of  their  joints.  Then  too  the 
many  defects  in  the  design  of  the  pin-connected  span  brac- 
ing and  details  have  been  recognized.  The  old  fears  of 
secondary  stressing  from  non-articulated  joints  have  largely 
disappeared,  partly  because  scientific  theoretical  calcula- 
tions prove  them  to  be  relatively  small,  and  partly  because 
practical  experience  shows  no  undesirable  effects. 

For  railway  bridges  the  present  practice  is  to  use 
rolled  beams  or  plate  girders  for  as  long  spans  as  can  be 
fabricated  and  erected  economically.  Riveted  trusses  are 
used  for  all  medium  and  long  spans,  although  pin  and  link 
construction  is  occasionally  favoured  by  some  designers 
and  fabricators  for  the  longer  spans. 

For  highway  bridges,  the  practice  is  very  much  the 
same  as  that  used  for  the  railways,  but  trusses  are  used 
for  shorter  spans,  owing  to  the  restrictions  specified  for 
the  thickness  of  the  web  plate.  This  makes  plate  girder 
construction  heavy  and  expensive  for  the  comparatively 
light  loadings.  The  latest  tendency  is  to  lengthen  the 
spans  of  long  highway  bridges  and  use  the  suspension  type 
of  bridge,  while  for  the  shorter  spans  the  use  of  light  welded 
steel  frames  encased  in  concrete  has  begun  to  replace  rolled 
beams  and  rod  reinforced  concrete. 

Until  recent  years  continuous  and  other  frames  which 
are  generally  termed  indeterminate  structures,  were  rather 
studiously  avoided,  principally  on  account  of  the  uncer- 
tainty of  the  reactions  and  of  the  difficulty  of  computing 
the  stresses.  Today,  partly  because  of  the  superior  calculat- 
ing knowledge  of  the  structural  engineers  and  partly  because 
the  benefits  of  continuity  are  realized,  they  are  beginning 
to  be  more  frequently  used. 

Most  of  the  highway  bridges  which  were  built  thirty 
or  more  years  ago  were  of  extraordinary  lightness.  This 
was  due  to  the  very  keen  competition  between  the  fabricat- 
ing shops  and  the  practical  absence  of  any  independent 
engineering  check  on  their  designs.    The  main  material, 
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the  details  and  the  connections  of  these  old  bridges  out- 
raged nearly  all  of  the  restrictions  and  limitations  demanded 
by  modern  specifications,  yet  practically  none  of  these 
bridges  ever  failed,  even  under  the  trials  of  overloading 
and  lack  of  maintenance;  but  the  lessons  which  should 
have  been  learned  from  their  performances  have  been 
sadly  ignored. 

Most  of  the  earlier  bridges  were  designed  by  the 
fabricators  and  the  contract  for  building  them  was  awarded 
to  the  lowest  tender,  irrespective  of  quality.  Competition 
(that  curse  of  good  engineering  and  of  fair  trade)  became 
so  keen  that  all  means  were  used  to  reduce  the  costs  and 
therefore  designing  became  a  science  of  reducing  the 
weight  of  metal  to  a  minimum.  The  factor  of  safety  was 
therefore  encroached  upon  so  much,  through  the  ignorance 
and  nerve  of  the  bidders,  that  a  demand  arose  for  some 
means  to  force  bidders  to  keep  within  some  recognized 
boundary.  This  resulted  in  the  issue  of  standard  specifica- 
tions which  were  written  mainly  to  prevent  a  tenderer 
from  cutting  down  the  factor  of  safety  and  thus  obtaining 
a  low  bid. 

The  early  standard  specifications  controlled  only  the 
main  material  and  workmanship.  It  was  soon  found  that 
the  secondary  parts  and  details  could  be  cut  so  as  to  make 
reductions  in  the  costs  at  the  expense  of  quality,  and  so 
the  specifications  were  amplified  to  control  and  restrict 
practically  every  part  of  the  structure,  while  designing 
became  largely  a  matter  of  following  the  letter  of  the 
specification.  Subsequently  designing  deteriorated  into  a 
computer's  task  instead  of  developing  the  engineer's  art. 
The  arbitrary  application  of  these  specification  rules  had 
led  to  a  demand  or  fad  for  stresses  to  be  computed  to  the 
exact  kip,  and  material  provided  to  meet  an  exact  definitely 
specified  unit  stress.  Then  followed  a  craving  for  so- 
called  determinate  structures  with  exact  figured  stresses, 
even  when  these  were  based  on  conjectural  assumptions 
as  to  the  amount  and  condition  of  loading.  All  this  has 
tended  to  give  designers  an  extravagant  faith  in  figured 
stresses  and  in  the  unlimited  and  blind  application  of 
Hooke's  Law.  It  has  also  induced  a  mania  for  complicated 
stress  analysis,  while  conditions  and  straining  of  the  ma- 
terials during  fabrication,  erection  and  service  are  largely 
overlooked.  The  rigid  application  of  Hooke's  Law,  the 
limitation  of  strainmg  to  a  factor  of  the  elastic  limit  of 
the  material,  the  assumption  of  uniformity  in  the  initial 
state  of  all  materials,  the  frequency,  severity  and  likelihood 
of  the  loading  are  all  assumed  to  conform  exactly  to  the 
basis  of  the  specification,  which  of  course  they  do  not;  and 
yet  the  specifications  are  made  the  prime  and  often  the 
only  considerations  in  proportioning  a  structure. 

Standard  specifications  which  so  completely  control 
every  part  and  detail  of  modern  steel  bridges  have  tended 
to  relieve  designers  from  a  sense  of  responsibility,  but  have 
also  restricted  ingenuity  and  have  prevented  the  use  of 
mature  judgment  based  on  the  lessons  to  be  gained  from 
existing  structures.  Competitive  designing  has  degenerated 
into  a  science  of  fulfilling  the  demands  of  a  specification 
most  cheaply,  rather  than  of  producing  the  best  structure. 

The  question  arises  as  to  whether  the  science  of 
designing  framed  structures  does  not  rely  upon  computa- 
tions which  are  based  on  arbitrary  assumptions  to  too  great 
an  extent,  instead  of  allowing  engineering  judgment  based 
on  practical  experience  to  modify  and  adjust  the  propor- 
tioning of  material  and  arrangement  of  details  to  the 
estimated  demands  of  the  forces  to  be  resisted  and  the 
stability  required. 

If  the  designs  and  details  of  many  of  the  old  bridges 
are  examined,  they  will  be  found  to  transgress  very  seriously 
the  requirements  of  modern  standard  specifications.  Yet 
no  harm  has  resulted.  Such  features  as  the  bracing  of  the 
chords  of  pony  trusses  with  T-shaped  sections,  the  thick- 


ness of  flange,  cover  and  tie  plates  and  the  thickness  of 
outstanding  legs  of  angles  are  constantly  found  to  have 
conflicted  with  modern  standard  specification  requirements. 
The  omission  of  stiffeners  on  thin  plate  girder  webs,  the 
size  and  spacing  of  lacing  bars,  the  slenderness  of  secondary 
compression  members  and  compression  joints  which  rely  on 
abutting  ends,  are  other  matters  in  which  past  experience 
proves  that  slavery  to  specifications  has  prevented  proper 
economy  and  balanced  strength.  The  specifications  with 
their  arbitrary  limitations  and  restrictions  prevent  a  design- 
er modifying  the  shape  and  make  up  of  a  member  accord- 
ing to  the  character  and  conditions  of  the  service,  and  often 
lead  to  extravagance  and  abnormality. 

The  conventional  or  specified  practice  of  calling  for  a 
system  of  bracing  to  be  designed  to  resist  a  specified  wind 
force,  and  relying  on  it  also  to  serve  efficiently  in  stiffening 
and  stabilizing  the  structure,  is  unscientific  and  often  in- 
effective. The  study  of  many  of  the  old  bridges,  especially 
those  of  the  pin  and  link  type,  with  their  inefficient  systems 
of  bracing,  tends  to  prove  that  there  are  other  paths  of 
resistance,  besides  their  lateral  systems,  which  are  strained 
by  the  horizontal  forces  and  which  aid  in  stabilizing  the 
span  and  its  individual  members.  This  fact  should  be  more 
fully  realized  and  the  structure  should  be  designed  accord- 
ingly. 

The  stabilizing  of  a  structure  as  a  whole  and  of  its 
individual  compression  members  and  joints  is  a  problem 
separate  from  the  resisting  of  the  wind  force,  and  while  a 
common  resistance  may  often  suffice,  it  is  important  to 
visualize  the  two  as  separate  problems. 

Lack  of  proper  stability  of  the  whole  structure,  or  of 
the  individual  parts,  or  of  the  joints  has  been  the  cause 
of  a  large  proportion  of  the  rare  failures  in  steel  construc- 
tion and  includes  some  of  the  most  notable  cases. 

The  habit  of  treating  a  strain  as  a  stress  in  all  con- 
ditions of  designing  steelwork  has  prevented  the  full  utiliza- 
tion of  the  ductility  of  steel.  This  property  is  greater,  far 
more  reliable  and  more  uniform  in  steel  than  it  is  in  any 
other  structural  material,  and  yet  the  use  of  it  is  most 
strictly  guarded  against.  A  fuller  and  more  confident 
appreciation  of  the  ductility  of  steel  should  justify  a 
rational  and  intelligent  use  of  this  valuable  property. 

The  rigid  practice  of  treating  a  strain  as  a  stress  in 
strict  accordance  with  Hooke's  Law  for  all  conditions  and 
ranges  of  service  when  designing  steelwork,  has  led  to 
erroneous  estimations  of  the  real  safety  or  strength  of  many 
structures,  especially  those  having  more  than  one  path  of 
resistance.  Numerous  cases  exist  of  steel  structures  which 
have  had  some  member  or  part  distorted  by  overloading, 
abuse  or  secondary  distortion,  but  on  account  of  the  ductile 
properties  of  the  material,  the  excess  strain  has  been 
absorbed  by  permanent  distortion;  or,  the  deformation  has 
brought  less  strained  paths  to  take  an  increased  participa- 
tion in  the  required  resistance,  without  impairing  the 
combined  strength  of  the  structure.  Moreover,  it  is  con- 
ceded that  during  the  fabrication  of  the  steelwork,  this 
ductility  is  and  must  be  constantly  used,  without  assuming 
any  reduction  in  the  strength  of  the  steel. 

These  evidences  and  the  facts  that  the  stress-strain 
curve  of  steel  deviates  strongly  from  a  straight  line  after 
it  passes  the  elastic  limit,  and  that  in  most  of  the  steels 
used  for  framed  structures  there  is  a  large  margin  of  strain 
between  the  elastic  limit  and  the  ultimate,  should  indicate 
that  when  the  stresses  do  not  alternate  excessively,  a  large 
amount  of  redistribution  of  stress  in  frames  with  multiple 
systems  can  take  place  before  one  path  of  resistance  is  in 
danger,  and  that  secondary  distortion  can  generally  be 
safely  neutralized.  The  greater  appreciation  and  visualiza- 
tion of  the  possible  elastic  and  permanent  deformation  in 
structures  should  tend  to  the  realization  of  the  many  in- 
consistencies in   conventional   designs.     A   close   study  of 
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almost  any  riveted  connection  will  show  many  local  eccen- 
tricities which  are  neglected  in  our  calculations.  Most 
important  of  all,  this  appreciation  might  make  us  more 
careful  in  avoiding  relative  planes  of  weakness,  or  sudden 
alterations  in  sections,  which  interfere  with  the  even  flow 
of  the  stresses,  particularly  at  or  near  points  of  maximum 
secondary  distortion. 

Turning  now  to  the  fabrication  of  steel  structures,  it 
may  be  noted  that  until  quite  recently  improvements  were 
in  the  nature  of  development  rather  than  of  radical  change. 

The  advent  and  recent  use  of  modern  welding  and  the 
cutting  torch  are  now  bringing  about  a  real  change  in  the 
whole  science  and  art  of  steel  fabrication,  and  in  its  design. 
These  changes  are,  perhaps,  fulfilling  the  dream  of  many 
a  designer  of  being  able  to  join  the  component  parts  of  a 
structure  together  without  having  to  pierce  the  material 
with  holes  for  rivets,  bolts  or  pins,  and  being  able  to  use 
less  clumsy  and  indirect  details  than  connection  angles  and 
similar  devices. 

Electric  arc  and  gas  welding,  although  still  presenting 
many  problems  to  be  solved,  appears  to  be  destined  to 
wholly,  or  at  least  very  greatly,  replace  riveted  methods 
of  steel  construction,  while  the  quality  of  the  work  of  the 
cutting  torch  is  being  improved  so  much  by  the  use  of 
automatic  machines  and  manual  skill  that  it  is  rapidly 
replacing  shears,  saws  and  other  cutting  apparatus,  and 
enabling  structural  steel  to  be  fabricated  in  a  vastly  different 
manner. 

Investigation,  testing  and  experience  is  proving  that 
the  distortion  from  burning  and  welding  on  thin  material 
when  correctly  performed  will  in  many  cases  leave  no 
significant  loss  of  strength  or  dangerous  brittleness  in  the 
material.  The  engineer  is  particularly  concerned  in  these 
latest  tools  of  construction,  because  progress  must  demand 
their  adoption  if  they  prove  superior,  but  it  is  equally 
certain  that  they  must  be  used  with  far  more  scientific 
control  than  the  older  methods,  since  they  require  all 
superintendence  and  even  some  portion  of  the  operation 
to  be  undertaken  by  trained  engineers  with  approved 
appliances  and  highly  qualified  operators. 

The  subject  of  aesthetics  too  has  been  sadly  neglected, 
especially  in  steel  bridges.  This  condition  is  principally 
due  to  the  fact  that  price  is  generally  the  only  consideration 
when  the  design  is  made  and  the  contract  awarded  for 
structural  steel.  Unsightliness  has  also  been  caused  to  a 
large  extent  by  the  restrictions  and  peremptory  demands 
of  standard  specifications,  and  by  illogical  prejudices. 

Beautiful  structures  can  be  designed  in  steel  and  will, 
no  doubt,  materialize  in  the  future.  Even  in  the  present 
day  more  beautiful  outlines  are  being  used  and  evidence 
is  not  wanting  to  prove  that  the  designers  are  departing 
from  the  angular  and  over-braced  frames  of  the  last  half 
century.  They  are  now  adopting  the  more  pleasing  forms 
of  the  arch,  the  suspension  and  the  continuous  span. 

In  conclusion  the  question  arises  as  to  whether  we 
have  not  treated  all  steel  structures  too  much  as  a  stress- 
sheet  problem,  balancing  computed  stresses  which  are 
based  on  assumed  loadings  with  arbitrarily  applied  limita- 
tions, instead  of  proportioning  the  structure  as  a  whole  to 
meet  the  conditions  to  which  it  wUl  be  subjected. 

If,  in  this  brief  review  I  have  partaken  of  the  nature 
of  the  critic,  it  is  not  the  criticism  of  disparagement  or 
destruction.  On  the  contrary,  it  is  to  me  a  very  hopeful 
sign  that  there  are,  throughout  Canada,  striking  examples 
of  steel  construction  which  yield  to  none  in  their  excellence, 
and  which  are  designed  by  Canadian  engineers.  These 
examples  testify  that  there  is  within  the  membership  of 
our  own  Institute  an  ever  growing  class  of  efficient  engineers, 
who  are  capable  of  designing  these  works,  and  who,  by  co- 
operation and  consultation  with  fabricators,  utilize  in  a 
proper  way  the  available  records  of  practical  experience, 
in  their  effort  to  attain  perfection. 


It  is  to  the  growth  of  this  class  that  we  look  for  more 
freedom  in  designing  and  for  the  removal  of  undesirable 
restrictions,  so  necessary  if  price  is  to  be  the  controlling 
consideration. 

It  may  be  that  my  remarks  have  been  too  closely 
concerned  with  bridge-building,  too  circumscribed  and  con- 
fined to  the  narrow  line  of  steel  construction,  which  in- 
cidentally has  been  to  me  an  engrossing  hobby,  as  well 
as  a  means  of  livelihood  for  many  years;  but  you  will 
have  noticed  that  at  least  some  of  these  observations  are 
applicable  to  other  lines  of  engineering. 

Hampering  restrictions,  similar  to  those  which  I  have 
described,  have  forced  themselves  on  designers  of  many 
types  of  engineering  construction,  and  on  those  whose  work 
is  exposed  to  the  ruling  of  unyielding  standardization. 

I  have  treated  the  question  from  the  point  of  view 
of  the  engineer  engaged  in  steel  construction,  in  the  hope 
that  I  may  induce  representatives  of  other  branches  of 
engineering  to  dispense  more  information,  derived  from  the 
riches  of  their  own  experience,  and  dedicated  to  the  claims 
of,  and  the  loyalty  to.  The  Engineering  Institute,  which  is 
the  outward  expression  of  our  professional  service  to 
Canada. 

Meetings  of  Council 

A  meeting  of  the  Council  of  The  Institute  was  held  at 
the  Royal  York  Hotel,  Toronto,  on  Thursday,  February 
7th,  1935,  at  five  o'clock  p.m.,  with  President  F.  A.  Gaby, 
M.E.i.c,  in  the  chair,  and  thirteen  other  members  of  Council 
present. 

R.  J.  Durley,  m.b.i.c,  was  re-appointed  Secretary  of 
The  Institute  and  J.  B.  Challies,  m.e.i.c,  was  re-appointed 
Treasurer. 

The  Finance  Committee  was  re-appointed  for  the  year 
1935  under  the  chairmanship  of  P.  L.  Pratley,  m.e.i.c,  the 
membership  being  as  follows: 

P.  L.  Pratley,  m.e.i.c,  Chairman. 
J.  L.  Busfield,  M.E.I.C. 
J.  B.  Challies,  m.e.i.c. 
A.  Duperron,  m.e.i.c. 
F.  Newell,  m.e.i.c. 

The  chairmen  of  the  other  standing  committees  were 
appointed  as  follows,  and  asked  to  submit  the  names  of 
the  other  members  of  their  committees  to  the  next  meeting 
of  Council: 

Library  and  House  Committee E.  A.  Ryan,  m.e.i.c. 

Papers  Committee C.  S.  L.  Hertzberg,  m.e.i.c. 

Publication  Committee H.  Cimon,  m.e.i.c. 

Legislation  Committee A.  B.  Crealock,  a.m.e.i.c. 

A  report  was  presented  from  a  special  committee  which 
had  been  appointed  to  make  recommendations  regarding 
the  E.I.C.  Catalogue,  and  in  accordance  therewith  the 
continuation  of  the  Catalogue  for  the  ensuing  year  was 
approved. 

Mr.  Paulin  pointed  out  that  in  connection  with  the 
three  papers  on  "The  Status  of  the  Engineer,"  presented 
during  the  afternoon,  the  General  Meeting  had  passed  a 
resolution  requesting  the  Council  to  take  action  to  promote 
security  and  proper  consideration  for  technically  trained 
employees  of  the  provincial  civil  services,  and  he  urged 
that  Council  should  do  this  without  delay. 

After  considerable  discussion,  Mr.  Paulin  was  appointed 
chairman  of  a  committee  to  draft  a  brief  on  the  subject  to 
be  forwarded  to  the  various  provincial  governments,  and  he 
was  requested  to  organize  groups  for  the  necessary  support- 
ing action  in  the  different  provinces,  selecting  the  other 
members  of  his  committee  from  members  or  councillors 
resident  in  the  provincial  capitals,  the  suggestion  being 
that  provincial  legislation  should  be  aimed  at  of  a  character 
similar  to  that  now  effective  for  the  protection  of  Federal 
Civil  Servants. 


March,  1935 


THE     ENGINEERING     JOURNAL 


147 


The  Secretary  was  authorized  to  forward  the  thanks 
and  appreciation  of  Council  to  the  various  committees  and 
members  who  had  co-operated  in  the  arrangements  for  the 
Forty-Ninth  Annual  General  and  General  Professional 
Meeting,  and  had  contributed  so  greatly  to  its  success. 

Seven  Students  were  admitted. 

The  Council  rose  at  six  thirty-five  p.m. 

A  meeting  of  Council  was  held  at  Headquarters  on 
Friday,  February  22nd,  1935,  at  eight  o'clock  p.m.,  with 
President  F.  A.  Gaby,  m.e.i.c,  in  the  chair,  and  nine  other 
members  of  Council  present. 

A  report  was  submitted  by  Dr.  Lefebvre,  chairman 
of  a  committee  appointed  by  Council  to  submit  recom- 
mendations for  transmission  to  Major  N.  B.  McLean, 
M.E.I.C,  Chairman  of  the  Interdepartmental  Water  Levels 
Board,  who  had  requested  an  expression  of  opinion  regard- 
ing water  levels  in  the  Montreal  Harbour  and  the  ship 
channel  below  Montreal.  The  com.mittee's  report  suggested 
consideration  of  the  possibility  of  a  better  control  of  the 
flow  of  the  Ottawa  river  and  a  revision  of  the  rules  set  up 
for  the  control  of  the  discharge  of  Lake  Superior.  The 
report  was  accepted  and  approved,  and  the  Secretary  was 
directed  to  forward  a  copy  to  Major  McLean,  and  to  express 
the  thanks  of  the  Council  to  Dr.  Lefebvre  and  his  com- 
mittee for  their  work. 

Attention  was  drawn  to  the  resolutions  passed  at  the 
Annual  Meeting  in  Toronto  on  February  7th,  1935,  relative 
to  the  consolidation  of  the  engineering  profession  in  Canada, 
and  the  resulting  appointment  of  a  committee  to  develop 
the  possibilities  in  this  connection.  Mr.  Gordon  McL. 
Pitts,  A. M.E.I.C,  the  chairman,  and  Mr.  R.  F.  Legget, 
A. M.E.I.C,  the  secretary  of  this  committee,  attended  by 
invitation,  and  Mr.  Pitts  outlined  for  the  information  of 
Council  the  procedure  which  his  committee  proposed  to 
follow. 

It  was  noted  that  the  committee  intended  to  com- 
municate with  the  branches  of  The  Institute  and  the 
Associations  of  Professional  Engineers  with  regard  to  this 
matter.  Attention  was  drawn  to  the  movements  already 
in  progress  in  Nova  Scotia,  New  Brunswick,  Quebec, 
Manitoba  and  Saskatchewan,  looking  to  closer  connection 
between  the  branches  of  The  Institute  and  those  provinces 
of  the  several  Provincial  Associations  of  Professional  En- 
gineers. Mr.  Pitts  explained  that  the  pamphlet  which  he 
had  prepared,  and  which  his  committee  was  circulating  to 
corporate  members  of  The  Institute,  was  intended  as  a 
basis  for  discussion  in  the  hope  that  it  would  elicit  modifica- 
tions or  other  proposals  which  would  be  an  improvement 
on  his  own. 

The  following  committees  were  appointed: 

Papers  Committee: 

C.  S.  L.  Hertzberg,  m.e.i.c,  Chairman. 

I.  M.  Fraser,  a. m.e.i.c. 

C.  C.  Kirby,  m.e.i.c. 

C.  K.  S.  Macdonnell,  a.m.e.i.c. 

A.  B.  Normandin,  m.e.i.c. 

J.  J.  Spence,  a.m.e.i.c. 

W.  G.  Swan,  m.e.i.c. 
Publication  Committee: 

H.  Cimon,  m.e.i.c,  Chairman. 

J.  A.  Duchastel,  m.e.i.c 

A.  A.  MacDiarmid,  m.e.i.c 

P.  L.  Fratley,  m.e.i.c 

H.  L.  Trotter,  m.e.i.c 
Legislation  Committee: 

A.  B.  Crealock,  a.m.e.i.c.  Chairman. 

A.  S.  Gentles,  m.e.i.c. 

F.  Newell,  m.e.i.c 

In  regard  to  the  work  of  the  committee  appointed 
under  the  chairmanship  of  Mr.  Paulin  to  communicate 
with  the  various  provincial  governments  regarding  legisla- 
tion, the  Secretary  reported  that  the  necessary  letters  had 


been  forwarded  to  the  members  of  Mr.  Paulin's  committee 
as  follows: 

H.  L.  Swan,  m.e.i.c,  Victoria,  B.C. 
R.  S.  L.  Wilson,  m.e.i.c,  Edmonton,  Alta. 
D.  A.  R.  McCannel,  m.e.i.c,  Regina,  Sask. 
F.  G.  Goodspeed,  m.e.i.c,  Winnipeg,  Man. 
A.  B.  Normandin,  m.e.i.c,  Quebec,  Que. 
H.  S.  Johnston,  m.e.i.c,  Halifax,  N.S. 
Alex.  Gray,  m.e.i.c.  Saint  John,  N.B. 

The  report  of  the  Finance  Committee  and  the  budget 
for  the  year  1935  were  presented  and  approved. 

Attention  was  drawn  to  the  fact  that  so  far  The 
Institute  had  not  been  able  to  implement  fully  the  terms 
of  its  agreement  with  the  Institution  of  Electrical  Engineers 
as  regards  the  formation  of  Radio  Sections,  and  Council 
approved  the  formation  of  a  general  committee  under  the 
chairmanship  of  Professor  G.  A.  Wallace,  a.m.e.i.c,  to 
report  as  to  further  possibilities  in  this  connection. 

Discussion  followed  as  to  the  general  policy  to  be 
adopted  in  connection  with  members  on  the  Non-Active 
List  who  owe  for  1933. 

The  Secretary  having  pointed  out  that  the  five  year 
period  for  which  The  Engineering  Institute  of  Canada 
Prizes  had  been  originally  established  had  now  terminated, 
it  was  unanimously  resolved  that  these  prizes  be  con- 
tinued for  a  further  period  of  five  years. 

The  Secretary  reported  that  in  connection  with  the 
discussion  on  the  western  water  problem  which  had  taken 
place  at  the  Annual  General  Meeting  in  Toronto,  copies 
of  the  papers  presented  had  been  forwarded  to  the  Prime 
Minister,  the  Minister  of  Agriculture,  and  other  Ministers 
interested,  and  also  to  the  Premiers  of  the  prairie  provinces, 
with  an  offer  of  co-operation  on  the  part  of  the  Council 
of  The  Institute. 

The  attention  of  these  governmental  authorities  was 
drawn  to  the  desirability  of  including  an  engineer  in  the 
membership  of  any  commission  or  committees  appointed 
to  take  action  on  the  drought  situation. 

A  letter  was  presented  from  Mr.  G.  A.  Gaherty,  m.e.i.c, 
commenting  or  the  valuable  information  brought  out  in 
these  papers,  and  suggesting  that  Council  nominate  a  com- 
mittee to  follow  up  the  work  initiated  in  the  symposium. 
Such  a  committee  might  collect  and  co-ordinate  the  relevant 
data,  and  might  assist  in  the  detailed  field  investigations 
which  would  no  doubt  be  the  function  of  some  governmental 
body.  The  suggestion  was  heartily  approved  and  it  was 
resolved  that  Mr.  Gaherty  be  asked  to  accept  the  chairman- 
ship of  such  a  committee. 

Six  resignations  were  accepted,  a  number  of  members 
were  replaced  on  the  active  list,  four  members  were  placed 
on  the  non-active  list,  and  several  special  cases  were  dealt 
with. 

A  number  of  applications  for  admission  and  for  transfer 
were  considered,  and  the  following  elections  and  transfers 
were  effected: 

Elections  Transfers 

Members 2        Assoc.  Member  to  Member ...  5 

Associate  Member 1         Junior  to  Assoc.  Member 5 

Students  admitted 2        Student  to  Assoc.  Member 4 

Student  to  Junior 3 

The  Council  rose  at  twelve  fifty  a.m. 


Annual  Fees 

Members  are  reminded  that  a  reduction  of  One 
Dollar  is  allowed  on  their  annual  fees  if  paid  on  or 
before  March  31st  of  the  current  year.  The  date  of 
mailing,  as  shown  by  the  postmark  on  the  envelope,  is 
taken  as  the  date  of  payment.  This  gives  equal  op- 
portunity to  members  residing  in  all  parts  of  the 
country. 
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The  Forty-Ninth  Annual  General  and  General 

Professional  Meeting 

Convened  at  Headquarters,  Montreal,  January  24th,  1935,  and  adjourned  to  the 
Royal  York  Hotel,  Toronto,  on  February  7th,  1935 


The  Forty-Ninth  Annual  General  Meeting:  of  The 
Engineering  Institute  of  Canada  commenced  at  Head- 
quarters on  Thursday,  January  twenty-fourth,  nineteen 
hundred  and  thirty-five,  at  eight  fifteen  o'clock  p.m.,  with 
President  F.  P.  Shearwood,  m.e.i.c,  in  the  chair. 

The  Secretary  having  read  the  notice  convening  the 
meeting,  the  minutes  of  the  Forty-Eighth  Annual  General 
Meeting  were  submitted,  and  on  the  motion  of  J.  L.  Bus- 
field,  M.E.I.C,  seconded  by  R.  H.  Findlay,  m.e.i.c,  were 
taken  as  read  and  confirmed. 

Appointment  of  Scrutineers 
On  the  motion  of  H.  W.  B.  Swabey,  m.e.i.c,  seconded 
by  J.  G.  Hall,  m.e.i.c,  Messrs.  A.  Duperron,  m.e.i.c, 
Eraser  S.  Keith,  m.e.i.c,  and  Fred  Newell,  m.e.i.c,  were 
appointed  scrutineers  to  canvass  the  Officers'  Ballot  and 
report  the  result. 

There  being  no  other  formal  business,  it  was  resolved, 
on  the  motion  of  M.  D.  Barclay,  A. m.e.i.c,  seconded  by 
J.  A.  McCrory,  m.e.i.c,  that  the  meeting  do  adjourn  to 
reconvene  at  the  Royal  York  Hotel,  Toronto,  at  ten 
o'clock  a.m.,  on  the  seventh  day  of  February,  nineteen 
hundred  and  thirty-five. 

Adjourned  General  and  General  Professional 
Meeting  at  the  Royal  York  Hotel,  Toronto 

The  adjourned  meeting  was  called  to  order  by  President 
F.  P.  Shearwood,  m.e.i.c,  at  ten  a.m.  on  Thursday,  Feb- 
ruary 7th,  1935.  The  Secretary  having  announced  the 
receipt  of  a  number  of  messages  of  regret  and  felicitation, 
submitted  the  membership  of  the  Nominating  Committee 
appointed  to  nominate  the  officeis  of  The  Institute  for 
1936  as  follows: 

Nominating  Committee  1935 

Chairman:  L.  F.  Grant,  m.e.i.c. 
Branch  Representative 

Halifax  Branch A.  F.  Dyer,  a. m.e.i.c. 

Cape  Breton  Branch R.  R.  Moffatt,  a. m.e.i.c. 

Saint  John  Branch J.  N.  Flood,  a. m.e.i.c. 

Moncton  Branch C.  S.  G.  Rogers,  a. m.e.i.c. 

Saguenay  Branch A.  W.  Whitaker,  a. m.e.i.c. 

Quebec  Branch P.  Methe,  a. m.e.i.c. 

St.  Maurice  Valley  Branch ,1.  H.  PVegeau,  a. m.e.i.c. 

Montreal  Branch H.  G.  Thompson,  a. m.e.i.c. 

Ottawa  Branch J.  McLeish,  m.e.i.c 

Peterborough  Branch A.  L.  Killaly,  a. m.e.i.c. 

Kingston  Branch R.  A.  Low,  a. m.e.i.c. 

Toronto  Branch E.  L.  Cousins,  m.e.i.c. 

Hamilton  Branch J.  R.  Dunbar,  a. m.e.i.c. 

London  Branch H.  A.  McKay,  a. m.e.i.c. 

Niagara  Peninsula  Branch C.  G.  Moon,  a. m.e.i.c. 

Border  Cities  Branch S.  E.  McGorman,  m.e.i.c. 

Sault  Ste.  Marie  Branch A.  H.  Russell,  a. m.e.i.c. 

Lakehead  Branch  

Winnipeg  Branch A.J.  Taunton,  a. m.e.i.c. 

Saskatchewan  Branch P.  C.  I'erry,  a. m.e.i.c. 

Lethbridge  Branch R.  Livirgstore,  m.e.i.c. 

Edmonton  Branch H.  J.  MacLeod,  m.e.i.c. 

Calgary  Branch H.  W.  Tooker,  a. m.e.i.c. 

Vancouver  Branch W.  H.  Powell,  m.e.i.c. 

Victoria  Branch J.  N.  Anderson,  a. m.e.i.c. 

Awards  of  Medals  and  Prizes 
The  Secretary  announced  the  winners  of  the  various 
prizes  and  medals  of  The  Institute.  The  President  stated 
that  the  formal  presentation  of  these  distinctions  would 
take  place  at  the  Annual  Dinner  in  the  evening,  and 
announced  also  that  in  the  unavoidable  absence  through 


illness  of  Past-President  R.  A.  Ross,  he  would  be  represented 
by  his  daughter,  Miss  Vernon  Ross,  who  had  kindly  con- 
sented to  receive  the  medal  on  her  father's  behalf. 

The  Sir  John  Kennedy  Medal  to  Robert  Alexander 
Ross,  D.Sc,  m.e.i.c,  Consulting  Engineer,  Mont- 
real, Past-President  of  The  Institute. 

The  Gzowski  Medal  to  W.  H.  Powell,  m.e.i.c.  En- 
gineer, Greater  Vancouver  Water  District,  Van- 
couver, B.C.,  for  his  paper  "The  First  Narrows 
Pressure  Tunnel,  Vancouver,  B.C." 

The  Leonard  Medal  to  D.  E.  Keeley,  m.ci.m.m..  Mines 
Superintendent,  Mclntyre  Porcupine  Mines  Ltd., 
Schumacher,  Ont.,  for  his  paper  "Guniting  at  the 
Mclntyre  Mine." 

The  Plummer  Medal  to  F.  E.  Lathe,  Director,  Division 
of  Research  Information,  National  Research  Coun- 
cil, Ottawa,  for  his  paper  "The  Utilization  of 
Magnesian  Carbonates." 

Students'  and  Juniors'  Prizes 

The  John  Galbraith  Prize  (Province  of  Ontario)  to 
F.  A.  Masse,  Jr.E.i.c,  Assistant  Chemist,  Abitibi 
Power  and  Paper  Company,  Sault  Ste.  Marie,  Ont., 
for  his  paper  "A  History  of  Paper  Making." 

The  Phelps  Johnson  Prize  (Province  of  Quebec — 
English)  to  C.  B.  Charlewood,  s.e.i.c,  Noranda 
Mines,  Ltd.,  Noranda,  Que.,  for  his  paper  "Steam 
Distribution  in  the  Newsprint  Mill." 

Report  of  Council  and  Report  of 
Finance  Committee 

The  Report  of  Council  for  1934  was  read  by  the 
Secretary,  and  in  connection  therewith  the  President  drew 
attention  to  the  number  of  prominent  members  of  The 
Institute  who  had  died  during  the  year.  As  a  token  of 
respect  a  moment  of  silence  was  observed  while  those 
present  stood  in  memory  of  the  deceased  members. 

The  report  of  the  Finance  Committee  was  presented 
by  its  chairman,  P.  L.  Pratley,  m.e.i.c,  after  which  it 
was  moved  by  Mr.  Pratley,  seconded  by  J.  B.  Challies, 
M.E.I.C,  and  resolved  that  the  report  of  Council  and  the 
report  of  the  Finance  Committee  be  approved. 

Reports  of  Committees 

The  report  of  the  Membership  Committee  was  pre- 
sented by  its  chairman,  D.  C.  Tennant,  m.e.i.c,  who  con- 
curred in  the  emphasis  given  in  the  report  of  Council  to 
the  necessity  for  activity  as  regards  new  members,  after 
which,  on  the  motion  of  Mr.  Tennant,  seconded  by  R.  W. 
Boyle,  m.e.i.c,  it  was  resolved  that  the  report  of  the 
Membership  Committee  be  adopted. 

The  following  committee  reports,  as  published  in  The 
Journal  for  February  1935,  were  presented:  Gzowski  Medal 
Committee,  Plummer  Medal  Committee,  Leonard  Medal 
Committee,  Students'  and  Juniors'  Prizes,  Papers  Com- 
mittee, Publication  Committee,  Library  and  House  Com- 
mittee, E.I.C.  Members  of  the  Main  Committee  of  the 
C.E.S.A.,  Committee  on  Relations  with  National  Societies, 
Board  of  Examiners  and  Education  and  the  Employment 
Service  Bureau.  On  the  motion  of  C.  K.  McLeod,  a. m.e.i.c, 
seconded  by  J.  A.  McCrory,  m.e.i.c,  the  reports  of  the 
above  committees  were  adopted. 

The  report  of  the  Committee  on  Unemployment  was 
presented  verbally  by  D.  C.  Tennant,  m.e.i.c,  who  drew 
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attention  to  the  fact  that  information  received  from  the 
branch  unemployment  committees  pointed  to  a  very 
definite  general  improvement  in  conditions  of  employment 
of  members  of  The  Institute.  The  adoption  of  the  report 
was  moved  by  Mr.  Tennant,  seconded  by  P.  C.  Perry, 
A.M. E. I.e.,  and  carried. 

Branch  Reports 
On  the  motion  of  L.  F.  Grant,  m.e.i.c,  seconded  by 
H.  A.  Lumsden,  m.e.i.c,  it  was  resolved  that  the  reports 
of  the  various  branches  be  taken  as  read  and  accepted. 

Entrance  Fee 
The  President  pointed  out  that  Council's  action  in 
reducing  the  entrance  fee  from  the  specified  amounts  to 
$5.00  for  all  classes  of  members  had  been  effective  during 
1934  as  approved  by  the  Annual  Meeting  in  February  1934, 
and  that  Council  now  recommended  that  the  policy  be 
continued  during  the  year  1935.  On  the  motion  of  P.  L. 
Pratley,  m.e.i.c,  seconded  by  F.  Newell,  m.e.i.c,  it  was 
resolved  that  for  the  current  year  the  entrance  fee  be  con- 
tinued at  the  sum  of  $5.00. 

Address  of  Retiring  President 
The   President  then  gave  his  address  on  "Structural 
Engineering,"  which  is  printed  in  full  on  pages  144  to  146 
of  this  issue  of  The  Journal,  and  was  received  with  marked 
attention. 

Election  of  Officers 
On  the  conclusion  of  the  retiring  President's  Address 
the  Secretary  read  the  report  of  the  scrutineers  appointed 
to  canvass  the  officers'  ballot  for  1935,  and  the  officers 
named  therein  were  declared  duly  elected  as  follows: 

President F.  A.  Gaby 

Vice-Presidents: 

Zone  A E.  V.  Caton 

Zone  C P.  L.  Pratley 

Councillors: 

Halifax  Branch H.  S.  Johnston 

Saint  John  Branch C.  A.  Vandervoort 

Saguenay  Branch G.  H.  Kirby 

St.  Maurice  Valley  Branch B.  Giandmont 

Montreal  Branch A.  Frigon 

E.  A.  Ryan 

Ottawa  Branch E.  W.  Stedman 

Kingston  Branch L.  F.  Goodwin 

Toronto  Branch A.  B.  Crealock 

London  Branch J.  A.  Vance 

Border  Cities  Branch C.  G.  R.  Armstrong 

Lakehead  Branch G.  H.  Burbidge 

Saskatchewan  Branch S.  Young 

Edmonton  Branch H.  R.  Webb 

Vancouver  Branch A.  S.  Wootton 

Mr.  Shearwood  then  welcomed  Dr.  Gaby  to  the 
Presidency  and  asked  Past-President  C.  H.  Mitchell, 
m.e.i.c,  and  Past-President  Charles  Camsell,  m.e.i.c,  to 
conduct  the  newly  elected  President  to  the  chair.  After 
this  ceremony,  in  expressing  appreciation  of  the  honour 
done  him.  President  Gaby  said  that  he  realized  that  many 
important  problems  faced  The  Institute  at  this  time, 
especially  those  resulting  from  the  period  of  depression,  but 
he  felt  that  with  the  sympathetic  co-operation  of  the 
members  he  would  be  able  to  meet  the  responsibilities  of 
the  office  of  president.  He  regretted  that  in  the  past, 
owing  to  the  stress  of  other  work,  he  had  not  been  able 
to  take  as  active  a  part  in  the  affairs  of  The  Institute  as 
he  had  desired,  but  he  had  been  able  to  encourage  those 
associated  with  him  to  participate  in  The  Institute's  work. 
He  felt  that  the  important  questions  before  The  Institute 
at  the  present  time  were,  first,  the  search  for  a  feasible 
method  of  consolidating  the  engineering  profession  in 
Canada;  secondly,  to  enhance  the  value  of  The  Institute 
to  its  members  and  to  increase  its  membership,  and  finally 
to  balance  the  budget  so  as  to  maintain  The  Institute  in 
a  sound  financial  condition. 


On  the  conclusion  of  the  President's  remarks,  on  the 
motion  of  J.  H.  Hunter,  m.e.i.c,  seconded  by  S.  F.  Ruther- 
ford, a. M.E.I.C,  it  was  unanimously  resolved  that  a  very 
hearty  vote  of  thanks  be  accorded  to  the  retiring  President 
and  members  of  ( Council  in  aj)preciation  of  the  work  they 
have  done  for  The  Institute  during  the  past  year. 

On  the  motion  of  P.  B.  Motley,  m.e.i.c,  seconded  by 
G.  McL.  Pitts,  a. M.E.I.C,  it  was  unanimously  resolved  that 
the  thanks  of  The  Institute  be  conveyed  to  the  Toronto 
Branch  in  recognition  of  their  hospitality  and  activity  in 
connection  with  the  holding  of  the  Forty-Ninth  Annual 
General  and  General  Professional  Meeting. 

On  the  motion  of  W.  E.  Ross,  a.m. E. i.e.,  secondiul  by 
J.  A.  Vance,  a.m. e. i.e.,  it  was  unanimously  resolved  that 
a  vote  of  thanks  be  tendered  to  the  scrutineers  for  their 
services  in  preparing  the  report  on  the  election  of  officers, 
and  that  the  ballot  papers  be  destroyed. 

Consolidation  of  the  Engineering  Profession 
The  President  remarked  that  the  next  item  on  the 
agenda  was  a  discussion  on  the  consolidation  of  the  engineer- 
ing profession,  which  would  no  doubt  result  from  a  number 
of  resolutions  and  messages  which  had  been  sent  in  by 
branches  of  The  Institute  and  others  in  regard  to  this 
question.  The  President  also  pointed  out  that  if,  as  seemed 
possible,  the  discussion  proved  to  be  an  extended  one,  it 
would  be  possible  to  have  an  adjourned  meeting  to  continue 
it  on  Saturday  morning.  The  Secretary  then  read  resolu- 
tions and  messages  as  follows: 

Resolution  from  the  Montreal  Branch  supporting  any 
movement  towards  uniting  the  engineering  organi- 
zations in  each  province  and  ultimately  throughout 
the  Dominion. 
Resolution  from  the  Ottawa  Branch  supporting  the 

same  object  in  identical  terms. 
Resolution  from  the  Executive  Committee  of  the  Que- 
bec Branch  supporting  any  renewed  eff'orts  which 
may  lead  to  organizing  the  Canadian  engineering 
profession  on  similar  lines  to  the  legal,  architec- 
tui"al  or  medical  professions. 
Telegram  from  the  Executive  Committee  of  the  Border 
Cities  Branch  approving  in  principle  the  proposed 
consolidation  of  the  engineering  profession  as  set 
forth  in  Mr.  Pitts'  pamphlet. 
Telegram  from  the  Lethbndge  Branch  supporting  the 
amalgamation  of  associations  of  professional  en- 
gineers and  The  Engineering  Institute  of  Canada, 
but  opposing  the  method  suggested  by  Mr.  Pitts. 
Resolution  from  the  Association  of  Professional  En- 
gineers of  the  Province  of  New  Brunswick  recom- 
mending that  every  effort  be  made  to  advance  the 
consolidation    of    The    Engineering    Institute    of 
Canada  and  the  professional  associations  of  the 
various  provinces. 
It  was   further  pointed   out  that  in   November  last 
Council  had  received  a  resolution  on  the  subject  from  the 
Halifax  Branch  favouring  consolidation  which  had  been 
published  in  The  Journal  of  November  1934,  page  505. 

Gordon  McL.  Pitts,  a. m.e.i.c,  desired  to  preface  the 
discussion  by  a  broad  motion  which  he  hoped  would  express 
the  sentiments  of  the  meeting.    He  would  move: 

"that  The  Engineering  Institute  of  Canada  in  Annual 
Meeting  assembled,  hereby  goes  on  record  as  being  in 
favour  of  the  consolidation  of  the  engineering  profession 
in  Canada." 

J.  H.  Hunter,  m.e.i.c,  suggested  that  in  view  of  the 
number  of  members  who  might  wish  to  contribute  to  the 
discussion  a  time  limit  on  speeches  should  be  set.  The 
President  inquired  whether  it  was  the  wish  of  the  meeting 
that  a  five-minute  time  limit  should  be  set  for  any  one 
individual  to  submit  his  views,  and  this  was  agreed  to. 
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J.  L.  Busfield,  M.E.I. c,  drew  attention  to  a  pamphlet, 
prepared  by  Gordon  McL.  Pitts,  a.m.e.i.c,  entitled  "Pro- 
posed Consolidation  of  The  Engineering  Profession  in 
Canada,"  copies  of  which  had  been  distributed  to  the 
members  present,  and  inquired  whether  the  term  "the 
consolidation  of  the  engineering  profession  in  Canada"  as 
used  by  Mr.  Pitts,  referred  to  the  scheme  outlined  in  the 
pamphlet  in  question. 

Mr.  Pitts  replied  that  the  scheme  outlined  in  the 
pamphlet  was  intended  as  a  basis  for  discussion,  which  he 
hoped  would  bring  out  better  suggestions  than  any  of  those 
contained  in  the  pamphlet. 

Mr.  Pitts'  motion  was  seconded  by  J.  L.  Busfield, 
M.E.I. c. 

Dr.  0.  0.  Lefebvre,  m.e.i.c,  pointed  out  that  the 
resolution  merely  asked  for  the  acceptance  of  the  broad 
principle  of  affiliation,  and  he  believed  there  was  no  ground 
for  diversity  of  opinion  on  that  point.  Differences  of 
opinion  would  arise  when  it  was  necessary  to  discuss  the 
methods  by  which  the  goal  could  be  reached. 

The  motion  was  then  put  to  the  meeting  and  carried 
unanimously,  with  applause. 

Mr.  Pitts  explained  that  he  desired  to  make  another 
motion  with  a  view  of  giving  ordinary  members  an  opportun- 
ity to  express  their  opinions  on  some  of   the    details   in- 
volved in  any  scheme  for  consolidation.    He  would  move: 
"That  in  view  of  the  important  question  as  to  the  policy 
of  The  Engineering  Institute  of  Canada  raised  by  the 
resolutions  received  from  the  branches  relative  to  the 
consolidation  of  the  engineering  profession  in  Canada, 
and  as  it  has  direct  bearing  on  the  discussions  which 
were  not  completed  at  the  last  annual   meeting,  and 
as  the  professional  papers  of  this  afternoon's  session 
have  direct  bearing  on  the  subject,  therefore  be  it 
resolved    that    this  annual    general    meeting  of  The 
Engineering   Institute  of  Canada  be  reconvened   at 
three  thirty  p.m.  to-day  for  the  discussion  of  the  policy 
of  The  Institute  with  regard  to  the  consolidation  of 
the  engineering  profession  in  Canada." 
Mr.  Pitts  remarked  that  the  papers  to  be  read  in  the 
afternoon   would   entail   discussion   which   would   have   a 
direct  bearing  on  the  method  of  consolidation  to  be  followed. 
His  motion  was  intended  to  combine  the  discussion  on  the 
three  papers  on  "The  Status  of  the  Engineer"  with  discussion 
on  the  consolidation  of  the  engineering  profession,  so  that 
the  benefit  of  full  discussion  on  both  matters  could  be 
obtained  at  the  same  time.   Mr.  Pitts'  motion  was  seconded 
by  E.  F.  Legget,  a.m.e.i.c. 

F.  A.  Dallyn,  m.e.i.c,  remarked  that  in  his  opinion 
the  principal  difficulty  was  to  define  what  was  meant  by 
the  "profession  of  engineering."  If,  as  a  body.  The  Institute 
proposed  to  deal  seriously  with  the  resolutions  that  had 
been  proposed,  he  felt  that  it  would  first  be  necessary  to 
have  a  committee  to  decide  what  is  a  "professional  en- 
gineer." 

Mr.  Busfield  suggested  that  it  was  an  unusual  and 
possibly  a  conflicting  procedure  to  carry  on  the  discussions 
of  a  professional  session  and  the  debates  of  the  Annual 
General  Meeting  at  one  and  the  same  time.  He  felt  that 
if  the  question  of  consolidation  were  discussed  in  the  brief 
period  left  after  the  three  papers  of  the  afternoon  had 
been  read,  there  would  not  be  time  to  get  any  conclusive 
result.  He  was  therefore  of  opinion  that  the  Council  should 
again  appoint  a  committee  to  study  and  investigate  this 
question.  Such  a  committee  should  take  the  opinions  of 
everybody  desiring  to  express  them  and  take  time  to  study 
their  views.  He  believed  that  the  matter  should  be  placed 
in^the  hands  of  the  Council. 

General  C.  H.  Mitchell,  m.e.i.c,  understood  from  Mr. 
Pitts'  motion  that  it  was  intended  to  adjourn  from  this 
particular  meeting  and  continue  the  discussion  at  three 
thirty  p.m. 


P.  C.  Perry,  a.m.e.i.c,  felt  that  it  would  be  more 
satisfactory  to  carry  on  the  discussion  on  Saturday  morning, 
and  he  moved  as  an  amendment  to  the  motion  of  Mr.  Pitts, 
that  the  Annual  General  Meeting  be  adjourned  to  Saturday 
morning.    This  amendment  was  seconded  by  Mr.  Busfield. 

T.  C.  Main,  a.m.e.i.c,  desired  to  point  out,  before 
voting  took  place,  that  the  titles  of  the  papers  to  be  pre- 
sented during  the  afternoon  were  "The  Engineer  in  In- 
dustry," "The  Engineer  m  Private  Practice,"  and  "The 
Engineer  in  the  Public  Service."  He  noted  in  the  first  one 
of  these,  by  J.  M.  Oxley,  m.e.i.c,  the  following  statement: 
"The  Engineering  Institute  of  Canada  has  no  provincial 
organization,  and  this  question  brings  up  again  the  necessity 
for  close  co-operation  between  the  provincial  bodies  of 
engineers  and  The  Institute."  He  thought  therefore  that 
irrespective  of  the  discussion  now  taking  place,  the  question 
of  consolidation  was  bound  to  come  up  again  in  the  after- 
noon. 

Dr.  R.W.  Boyle,  m.e.i.c, sawno  objection  to  continuing 
the  discussion  of  consolidation  during  the  afternoon  session, 
and  his  views  were  supported  by  Dr.  O.  0.  Lefebvre, 
m.e.i.c,  who  hoped  that  the  mover  of  the  amendment  would 
consent  to  withdraw  it.  Mr.  Perry  having  expressed  his 
willingness  to  do  this,  the  amendment  was  withdrawn.  The 
original  resolution  was  then  put  and  carried. 

At  the  suggestion  of  General  Mitchell  it  was  decided 
to  continue  the  discussion  of  the  question  of  consolidation 
until  the  adjournment  hour,  and  Mr.  Busfield  hoped  that 
speakers  would  confine  their  remarks  to  discussing  the 
manner  in  which  consolidation  could  be  effected. 

G.  Stead,  m.e.i.c,  drew  attention  to  the  com- 
munication from  the  Saint  John  Branch,  and  remarked 
that  the  membership  of  The  Institute  in  New  Brunswick 
was  in  close  and  friendly  relations  with  the  Professional 
Association  of  that  province.  Both  bodies  felt  that  the 
progress  made  so  far  by  the  Committee  of  Eight  had  not 
been  satisfactory,  and  hoped  that  this  meeting  would 
bring  about  an  improvement  in  this  condition. 

Mr.  Gordon  McL.  Pitts  asked  the  members  present 
to  give  serious  study  to  the  pamphlet  which  he  had  prepared 
and  of  which  copies  were  in  members'  hands.  He  pointed 
out  that  the  scheme  outlined  a  Dominion  or  central  organ- 
ization whose  administrative  officers  would  be  chosen 
by  the  provincial  engineering  organizations.  The  functions 
of  the  provincial  organizations  would  be  professional 
in  every  sense,  while  the  central  body  would  concern 
itself  with  the  dissemination  of  professional  knowledge  with 
regard  to  all  branches  of  engineering,  the  publication  of 
documents  and  of  a  professional  journal,  and  the  stimula- 
tion and  support  of  the  provincial  organizations,  particularly 
those  provincial  associations  which  had  not  yet  attained 
their  full  development.  He  drew  attention  to  the  similar 
system  which  had  been  found  to  work  well  in  the  architec- 
tural profession  and  observed  that  when  the  Royal  Architec- 
tural Institute  of  Canada  was  organized,  it  only  had  five 
provincial  bodies  as  component  societies.  The  remainder 
came  in  at  a  later  stage. 

He  suggested  that  members  should  approach  the  very 
debatable  question  of  the  qualifications  of  membership  in 
the  spirit  of  co-operation  and  compromise. 

Major  L.  F.  Grant,  m.e.i.c,  was  inclined  to  doubt 
whether  there  was  any  desire  on  the  part  of  the  professional 
associations  to  meet  The  Institute  halfway.  He  feared 
that  in  any  arrangement  with  the  professional  associations 
it  would  be  up  to  The  Institute  to  make  the  compromises 
of  which  Mr.  Pitts  had  spoken. 

He  also  drew  attention  to  the  position  of  The  Institute's 
branches  should  a  scheme  like  that  proposed  by  Mr.  Pitts 
come  into  effect.  Major  Grant  had  great  respect  and 
affection  for  The  Engineering  Institute  to  which  he  owed 
many  friends,  inspiration  for  his  work,  and  additions  to 
his  professional  knowledge,  and  he  was  not  disposed  to 
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support  the  changes  suggested  until  satisfied  that  The 
Institute's  members  in  the  smaller  branches  would^get 
something  better  than  they  now  have. 

A.  R.  Chambers,  m.e.i.c,  speaking  as  a  past-president 
of  the  Association  of  Professional  Engineers  of  Nova  Scotia, 
remarked  that  the  idea  of  co-operation  had  always  been 
before  the  Association  in  Nova  Scotia  and  the  Nova  Scotia 
Branches  of  The  Institute.  Joint  meetings  had  been  held 
and  at  the  present  time  the  Provincial  Association  was 
looking  towards  an  arrangement  as  regards  Nova  Scotia 
somewhat  similar  to  that  now  advocated  by  Mr.  Pitts. 

C.  H.  Attwood,  A.M. E.I. c,  drew  attention  to  the  close 
connection  between  the  Winnipeg  Branch  of  The  Institute 
and  the  Association  of  Professional  Engineers  of  Manitoba, 
and  believed  that  the  recent  proposal  for  joint  control  of 
those  two  bodies,  which  had  not  been  accepted  by  the 
Council  of  the  Professional  Engineers  of  Manitoba,  was 
still  a  live  question. 

Dr.  R.  W.  Boyle,  m.e.i.c,  thought  that  before  pro- 
ceeding further  with  the  discussion,  some  information  should 
be  available  as  to  the  progress,  if  any,  which  had  been 
made  by  the  Committee  of  Eight,  representative  of  the 
Associations,  which  he  understood  was  still  engaged  in  the 
study  of  co-ordination  of  the  efforts  of  the  eight  professional 
associations. 

The  secretary  rephed  that  the  latest  information  avail- 
able indicated  that  while  the  Committee  of  Eight  had  held 
a  meeting  in  1933,  their  progress  was  very  slow,  and  seemed 
likely  to  continue  so. 

Dr.  0.  0.  Lefebvre  remarked  that  as  regards  the 
Committee  of  Eight,  the  expense  (some  $1,500  to  $1,800) 
involved  in  organizing  a  meeting  formed  a  great  obstacle 
to  their  progress,  particularly  as  it  was  difficult,  if  not 
impossible,  to  carry  on  the  work  by  correspondence. 

T.  C.  Main,  a. m.e.i.c,  desired  to  add  to  Mr.  Attwood's 
remarks  the  information  that  at  a  recent  annual  meeting 
of  the  Association  of  Professional  Engineers  of  Manitoba, 
the  Association  indicated  their  interest  in  the  work  of  the 
Winnipeg  Branch  of  The  Institute  by  granting  $150  to 
The  Institute's  Branch  to  carry  on  its  technical  meetings 
in  Winnipeg. 

Mr.  Main's  announcement  was  received  with  applause. 

The  morning  session  adjourned  at  12.30  o'clock  p.m. 

The  afternoon  session  convened  at  3  o'clock  p.m.  under 
the  chairmanship  of  J.  B.  Carswell,  m.e.i.c,  who  observed 
that  the  afternoon  discussion  would  be  preceded  by  three 
papers  on  "The  Status  of  The  Engineer."  These  were  pre- 
sented in  the  following  order:  "The  Engineer  in  the  Public 
Service,"  by  G.  J.  Desbarats,  m.e.i.c,  "The  Engineer  in 
Industry,"  by  R.  E.  Smythe,  a.m. e. i.e.,  and  "The  Engineer 
in  Private  Practice,"  by  J.  M.  Oxley,  m.e.i.c 

Mr.  Carswell  remarked  that  from  some  comments  in 
Mr.  Desbarats'  paper  he  gathered  that  conditions  in  the 
provincial  government  services  were  not  so  satisfactory  as 
regards  pay  and  security  of  tenure  as  in  the  service  of  the 
Federal  Government.  He  thought  this  point  was  worthy 
of  discussion. 

Mr.  Gordon  Pitts  pointed  out  that  in  accordance  with 
the  resolution  passed  in  the  morning,  this  afternoon  meeting, 
after  the  presentation  of  the  three  papers  listed  in  the 
programme,  should  be  regarded  as  a  continuation  of  the 
Annual  General  Meeting. 

R.  F.  Legget,  a.m. e. i.e.,  remarked  that  in  all  three  of 
the  papers  which  had  just  been  presented,  attention  was 
drawn  to  certain  faults  in  present  conditions  as  regards  the 
status  of  the  engineer.  He  regarded  that  status  as  the 
position  of  an  individual  in  respect  to  his  professional 
society  and  the  public.  All  three  papers  therefore  indicated 
the  necessity  for  immediate  action  to  improve  the  present 
position  of  the  engineer. 

The  status  of  the  engineer  was  at  present  imperfectly 
realized.    For  example,  the  qualifications  for  a  position  as 


director  of  the  Bank  of  Canada  as  published,  mentioned 
"lawyers,  newspaper  editors,  doctors,  locomotive  engineers, 
printers  and  the  like."  Mr.  Legget  felt  that  the  two  main 
obstacles  were,  (1)  trying  to  obtain  uniformity  of  legislation 
before  co-ordinating  the  work  of  the  various  associations 
and  (2)  attempting  to  get  uniformity  of  ideas,  that  is, 
attempting  to  get  all  the  provinces  to  think  the  same, 
before  any  move  is  made. 

This  subject  had  been  under  consideration  for  many 
years  and  had,  in  fact,  been  referred  to  by  Sir  Casimir 
Gzowski  at  a  meeting  of  the  Canadian  Society  of  Civil 
Engineers  in  Toronto  thirty-seven  years  ago.  Sir  Casimir 
had  said  that  many  members  then  present  would  be  grey 
headed  before  all  the  provinces  would  agree  to  do  the  same 
thing. 

Mr.  Legget  believed  that  the  scheme  proposed  in  the 
pamphlet  did  offer  a  possible  way  to  attain  results,  and  he 
hoped  that  before  the  meeting  broke  up  some  definite  step 
forward  would  be  taken. 

The  chairman  thanked  Mr.  Legget  for  his  contribution 
and  pointed  out  that  the  discussion  should  primarily  follow 
along  the  lines  of  the  papers  which  had  been  presented. 
Mr.  Carswell  drew  attention  to  the  figures  given  by  Colonel 
Smythe  as  regards  the  supply  of  young  engineers  in  this 
country,  and  the  effect  of  branch  industries  coming  into 
Canada  from  the  United  States  and  elsewhere  and  bring- 
ing their  own  engineers  with  them.  Colonel  Smythe  had 
suggested  that  The  Institute  should  co-operate  with  the 
Dominion  government  in  dealing  with  this  situation. 

W.  E.  Ross,  A.M. E.I. c,  pointed  out  that  in  the  early 
days  of  the  development  of  the  electrical  industry  in 
Canada,  this  development  went  so  fast  that  the  supply  of 
engineers  was  insufficient,  hence  they  had  to  be  imported. 

He  was  struck  with  the  disparity  between  the  large 
number  of  engineering  graduates  as  given  by  Colonel 
Smythe,  amounting  to  over  eleven  thousand  for  the  period 
which  he  had  quoted,  as  compared  with  the  membership 
of  The  Institute,  roughly  about  four  thousand. 

Mr.  H.  C.  Powell,  as  a  member  of  the  executive  of  the 
Ontario  Vocational  Guidance  Association,  stated  that  there 
was  a  great  many  misfits  in  engineering  and  that  The 
Institute's  co-operation  would  be  valuable  in  overcoming 
this  difficulty.  The  problem  was,  to  give  preference  to 
engineering  graduates  without  any  injustice  to  the  young 
men  trained  in  the  technical  schools.  This  was  now  a 
very  real  difficulty  in  the  province  of  Ontario. 

Professor  Haultain,  m.e.i.c,  remarked  that  no  reference 
had  been  made  to  mining,  which  was  one  of  the  outstanding 
industries  in  Canada;  many  mining  graduates  were  now 
earning  $20,000  a  year  because  of  the  high  status  they  held 
in  the  industry. 

F.  W.  Paulin,  M.E.i.e.,  pointed  out  in  connection  with 
Mr.  Desbarats'  paper,  that  possibly  beneficial  results  would 
follow  if  a  resolution  were  sent  to  every  provincial  govern- 
ment asking  them  to  adopt  a  system  of  promotion  in  the 
civil  service  similar  to  that  which  exists  in  the  Dominion 
government.    He  would  move  that  such  a  resolution  be  sent. 

At  the  suggestion  of  the  chairman,  Mr.  Paulin's  motion 
was  left  with  Mr.  Desbarats  and  the  chairman  who  were 
asked  to  frame  the  wording,  and  the  motion  was  seconded 
by  K.  H.  Smith,  m.e.i.c,  who  thought  that  more  recogni- 
tion should  be  given  to  engineers  who  are  public  servants. 
The  motion  was  then  put  and  carried. 

Mr.  Paulin  felt  that  the  motion  might  have  a  broader 
effect  if  other  associations  such  as  the  Royal  Archit^'ctural 
Institute  of  Canada,  and  the  Provincial  Professional  Asso- 
ciations were  asked  to  join.  He  thought  that  the  resolution 
might  ask  that  the  meeting  might  authorize '  the  Council 
to  send  the  resolution  instead  of  the  resolution  coming 
from  the  meeting. 

Mr.  Busfield  thought  that  instead  of  waiting  for  a 
joint  resolution  from  a  number  of  bodies,  The  Institute 
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might  go  ahead  with  its  own  resolution  and  suggest  to  the 
other  societies  that  they  follow  the  motion  up. 

Dr.  Lefebvre  enquired  as  to  the  actual  wording  of  the 
motion. 

Mr.  Paulin  in  reply  stated  that  the  motion  was: 
"That  this  meeting  request  the  Council  to  draft  a 
resolution  which  should  be  sent  to  the  various  provin- 
cial governments  and  to  the  Dominion  government, 
asking  that  the  provincial  governments  adopt  the 
system  which  is  in  existence  in  the  Dominion  Civil 
Service  in  connection  with  appointment  and  the  promo- 
tion of  engineers  in  the  service." 

Dr.  Lefebvre  remarked  that  in  adopting  such  a  resolu- 
tion the  meeting  was  taking  it  for  granted  that  a  satisfactory 
system  of  promotion  did  not  exist  in  any  of  the  provinces. 
This  was  not  the  case,  particularly  in  the  province  of  Que- 
bec, and  he  therefore  thought  that  some  distinction  should 
be  made,  and  it  should  not  be  assumed  pointedly  that  the 
promotion  system  did  not  exist  anywhere  in  the  provinces. 
J.  M.  R.  Fairbairn,  m.e.i.c,  said  that  any  resolution  of 
this  kind  should  emanate  from  the  Council  or  at  least 
should  go  to  Council  and  be  approved  by  Council  before 
being  sent  out  as  coming  from  The  Listitute. 

The  chairman  enquired  whether  there  were  any  further 
points  in  connection  with  Mr.  Oxley's  paper  on  which 
discussion  was  desired. 

E.  M.  Proctor,  m.e.i.c,  desired  to  lay  stress  on  the 
necessity  for  co-operation  between  the  engineer,  the  arch- 
itect, and  others  connected  with  the  design  and  carrying 
out  of  a  project.  He  remarked  that  the  success  of  the  new 
entrance  built  into  the  city  of  Hamilton  a  few  years  ago 
was  obtained  by  the  close  co-operation  between  himself  as 
engineer,  the  architect,  John  M.  Hill,  and  the  landscape 
architect,  Mr.  Borgstrom.  No  one  of  the  three  alone  would 
have  been  able  to  secure  a  result  nearly  as  satisfactory  as 
that  obtained  by  the  co-operation  of  the  three. 

The  chairman  drew  attention  to  a  further  statement 
in  Mr.  Oxley's  paper  suggesting  that  in  the  case  of  errors 
due  to  the  engineer's  carelessness,  and  involving  additional 
cost  on  the  part  of  the  owner,  the  engineer  should  assume 
responsibility,  and  pay  for  the  costs  involved. 

Mr.  Proctor  agreed  with  Mr.  Oxley  in  his  opinion  and 
Mr.  Pitts  pointed  out  that  the  province  of  Quebec  enforces 
a  five-year  responsibility  on  both  the  engineer  and  the 
architect. 

•  The  chairman,  as  a  contractor  of  twenty-five  years' 
experience,  wished  that  all  engineers  were  of  the  same 
opinion  as  Mr.  Proctor. 

Colonel  C.  S.  L.  Hertzberg,  m.e.i.c,  did  not  agree 
with  Mr.  Oxley's  opinion  that  the  engineer  should  assume 
responsibility  for  mistakes,  the  contract  being  between  the 
owner  and  the  contractor.  If  the  owner  employed  an 
incompetent  engineer  he  should  take  the  same  responsibility 
as  if  he  had  employed  an  incompetent  lawyer.  It  would 
be  just  as  reasonable  to  make  the  lawyer  pay  the  whole 
costs  of  a  law  suit  arising  from  his  faulty  legal  phrases 
as  it  would  be  to  make  an  engineer  pay  the  whole  costs 
in  a  contract  where  a  mistake  had  been  made  in  the  engi- 
neering advice. 

Mr.  Proctor  replied  that  his  point  was  not  quite  that 
taken  by  Colonel  Hertzberg.  The  kind  of  error  to  which 
he  had  referred  would  be  a  foolish  but  serious  one,  such  as 
would  occur  if  an  engineer  laid  out  a  sewer  with  an  uphill 
instead  of  a  downhill  grade,  so  that  the  sewer  would  have 
to  be  relaid.  Such  extra  cost  he  thought  should  be  at  the 
engineer's  expense. 

Clarence  M.  Pitts,  a. m.e.i.c,  remarked  that  at  the 
morning  meeting  a  very  important  question,  the  co-ordina- 
tion of  the  engineering  profession,  had  been  considered,  and 
a  scheme  for  consolidation  had  been  presented  for  discussion. 
The  morning  meeting  had  resolved  that  co-ordination  is  a 
desirable  thing,  but  Mr.  Pitts  did  not  believe  that  the  exact 


form  of  that  co-ordination  could  be  settled  at  this  general 
meeting.  He  thought,  however,  that  the  meeting  could 
leave  the  question  in  a  position  from  which  definite  progress 
could  be  made,  and  in  order  that  there  might  be  active 
prosecution  of  the  matter  he  moved: 

"That  it  be  resolved  that  the  following  committee  be 
appointed  with   power  to  add  to  their  number,   to 
develop  the  possibilities  of  consolidation  of  the  engi- 
neering profession  in   Canada  and  that  they  report 
their  findings   to   Council   and   to   the   next   annual 
meeting  of  The   Institute,   or  to    a    special   general 
meeting  called  for  the  purpose.    This  is  the  personnel 
of  the  committee:  Dr.  A.  R.  Decary,  Past-President 
of  The  Institute,  Mr.  G.  J.  Desbarats,  former  Deputy 
Minister   of   the   Department    of   National    Defence, 
Mr.  J.  B.  Challies,  Treasurer  of  The  Institute,  Mr. 
R.  F.  Legget,  representing  the  junior  members  of  the 
profession,  and  Mr.  Gordon  Pitts." 
Mr.  Clarence  Pitts  further  remarked  that  the  personnel 
of  the  Committee  now  suggested  was  largely  divorced  from 
Council,  and  he  made  this  proposal  since  in  his  experience 
the  matter  had  been  brought  up  to  Council  and  had  been 
shelved   on   every   occasion.     He   felt   therefore   that   the 
matter  should  not  be  part  of  the  ordinary  activities  of  the 
Councillors  who  are  concerned  with  the  ordinary  working 
of  The  Institute,  and  that  the  suggested  committee,  highly 
qualified  for  this  work,  should  be  appointed  so  that  real 
progress  could  be  made  before  the  next  annual  meeting. 

Mr.  Pitts'  motion  was  seconded  by  Professor  R.  E. 
Jamieson,  m.e.i.c 

Colonel  Smythe  pointed  out  that  the  members  of  the 
Committee  were  busy  men  and  he  thought  that  secretarial 
facilities  should  be  provided  for  them  at  the  expense  of 
The  Institute. 

Mr.  Clarence  Pitts  thanked  Colonel  Smythe  for  his 
suggestion,  but  believed  that  the  Committee  would  be  able 
to  function  satisfactorilj^  without  being  subsidized. 

Mr.  K.  H.  Smith  believed  that  any  arrangement  for 
the  consolidation  of  the  profession  would  not  in  itself  fix 
the  status  of  the  engineer,  as  he  believed  that  the  status 
of  the  engineer  must  depend  on  his  own  individual  abilities. 
Colonel  H.  J.  Lamb,  m.e.i.c,  hoped  that  Mr.  Pitts' 
motion  would  bring  some  results  and  was  in  sympathy  with 
it,  but  feared  that  it  would  take  time  to  obtain  the  necessary 
concerted  definite  opinion  from  the  different  associatiors 
throughout  the  Dominion.  Colonel  Lamb  recalled  that  in 
1926  Professor  Haul  tain  and  himself  had  spent  some  time 
in  Montreal  representing  the  Association  of  Professional 
Engineers  of  Ontario  at  a  meeting  of  representatives  of  all 
the  Provincial  Professional  Associations.  That  meeting 
worked  on  this  very  problem,  as  it  was  called  to  establish 
ways  and  means  for  the  fullest  co-operation  of  the  provin- 
cial associations  with  The  Institute.  As  a  result  of  the 
work  which  followed  this  meeting  there  was  a  general 
feeling  of  agreement  with  the  principles  of  consolidation, 
but  that  the  efforts  of  the  Associations  themselves  must 
first  be  co-ordinated.  In  his  opinion  there  existed  a  feeling 
of  opposition  on  the  part  of  some  members  of  the  Associa- 
tions which  would  have  to  be  overcome,  and  he  saw  no 
way  of  doing  this  unless  the  fullest  expressions  of  opinion 
were  obtained  from  all  the  Associations,  and  the  scheme 
finally  threshed  out  over  the  table. 

The  chairman  reminded  the  meeting  of  the  terms  of 
the  motion  as  follows: 

It  has  been  moved  and  seconded  that  a  committee  be 
appointed  with  power  to  add  to  their  number,  to  develop 
the  possibilities  of  consolidation  of  the  engineering  pro- 
fession in  Canada,  and  that  they  report  their  findings  to 
Council  and  to  the  next  annual  meeting  of  The  Institute, 
or  to  a  special  general  meeting  called  for  the  purpose. 

General  Mitchell  enquired  whether  it  was  intended 
that  the   committee   should   report   to   the  next   annual 
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meeting  or  would  Council  do  so.  He  felt  that  there  was 
danger  of  a  divided  responsibility.  Mr.  Gordon  Pitts 
stated  that  the  committee's  responsibility  was  to  report 
to  the  Council  and  report  to  the  annual  meeting. 

Mr.  Fairbairn  observed  that  under  the  wording  of  the 
resolution  the  committee  would  report  to  Council  and  to 
the  Annual  Meeting.  He  thought  this  would  result  m  a 
divided  responsibility  and  in  his  opinion  the  committee 
should  report  to  Council  who  would  report  to  the  Annual 
Meeting. 

Mr.  Gordon  Pitts  thought  the  membership  would  be 
wise  to  leave  the  wording  as  originally  proposed.  The 
Council  was  not  appointing  the  Committee,  but  the  Annual 
General  Meeting  was  putting  the  responsibility  on  them, 
thus  the  work  done  by  the  Committee  should  be  reported 
to  Council  and  also  be  reported  to  the  body  laying  the 
charge  upon  the  Committee. 

Mr.  Fairbairn  thought  this  arrangement  open  to  objec- 
tion, as  it  would  appear  that  the  Council  of  The  Institute 
was  being  ignored  by  a  meeting  which  was  empowering  a 
committee  to  report  back  to  the  meeting.  He  urged  that 
the  motion  should  direct  the  committee  to  report  to  the 
Annual  Meeting  through  Council. 

The  chairman  then  suggested  that  two  words  should 
be  added  to  the  resolution  so  that  it  would  read:  " — and 
that  they  report  their  findings  to  Council  and  through 
Council  to  the  next  Annual  General  Meeting." 

With  this  change  in  the  wording  the  motion  was  put 
to  the  meeting  and  carried,  with  two  members  dissenting. 

Colonel  Lamb  took  it  for  granted  that  the  Committee 
which  had  thus  been  appointed  could  count  on  the  full 
support  of  Council  in  accomplishing  if  possible  their  ob- 
jective. He  thought  it  was  clear  that  the  meeting  was 
very  definitely  in  favour  of  the  Committee's  object. 

The  session  adjourned  at  5.35  o'clock  p.m. 

Social  Functions 

The  chairman  of  the  Toronto  Branch,  Colonel  R.  E. 
Smythe,  a.m. e. i.e.,  presided  at  the  luncheon  held  on 
February  7th,  at  which  a  cordial  welcome  on  behalf  of 
the  Mayor  of  Toronto  was  extended  by  Controller  Day. 
He  was  followed  by  Mr.  J.  B.  Carswell  of  Hamilton, 
whose  witty  address  outlined  the  subject  of  the  "Status  of 
the  Engineer"  which  was  scheduled  for  discussion  at  the 
afternoon  session.  The  luncheon  was  well  attended,  and 
served  as  an  admirable  introduction  to  the  various  activities 
which  followed. 

In  the  evening  the  Annual  Dinner  of  The  Institute 
took  place  in  the  Concert  Hall,  President  F.  A.  Gaby, 
M.E.i.c,  in  the  chair.  The  prizes  and  medals  of  The 
Institute  were  presented  by  the  Hon.  Grote  Stirling, 
M.E.I.C,  Minister  of  National  Defence,  and  a  special  in- 
terest was  given  to  the  presentation  by  the  fact  that  in 
the  unavoidable  absence  of  Dr.  R.  A.  Ross,  m.e.i.c,  the 
recipient  of  the  Sir  John  Kennedy  Medal,  he  was  rep- 
resented by  his  daughter.  Miss  Vernon  Ross,  who  received 
the  medal  on  her  father's  behalf. 

The  presentation  of  the  prizes  was  followed  by  an 
address  by  Dr.  A.  S.  Eve,  c.b.e.,  p.r.s..  Dean  of  the 
Faculty  of  Graduate  Studies,  McGill  University,  Montreal, 
many  of  whose  touches  of  humour  had  an  evident  applica- 
tion to  financial  and  social  questions  of  the  day. 

The  dinner  was  followed  by  a  reception  and  dance, 
the  members  and  guests  being  received  by  the  President 
and  Mrs.  Gaby  and  by  the  chairman  of  the  Toronto  Branch 
and  Mrs.  Smythe. 

One  of  the  most  interesting  functions  of  the  meeting 
was  a  tour  of  the  Royal  Ontario  Museum,  which  was 
organized  for  the  ladies.  This  was  personally  conducted 
by  Professor  C.  T.  Currelly,  curator  of  the  Museum,  and 
the  visiting  ladies  were  afterwards  entertained  at  tea  at 
the  Museum. 


The  function  was  greatly  appreciated,  as  was  also  the 
ladies'  theatre  party  held  on  the  same  evening.  At  the 
smoking  concert  a  large  audience  greatly  enjoyed  the 
attractive  programme  which  had  been  arranged  by  the 
entertaining  committee  under  the  chan-manship  of  Mr. 
W.  E.  Bonn,  a. m.e.i.c. 

Technical  Sessions 

At  the  professional  sessions  held  on  Friday,  February 
8th,  the  papers  presented  and  discussed  in  the  morning 
were  the  following: 

In  Hall  D.  under  the  chairmanship  of  H.  V.  Arm- 
strong, A.M.E.I.C: 

"Research  and  Testing  Work  for  the  Hydro- 
Electric  Power  Commission  of  Ontario,"  by  W.  P. 
Dobson,  M.E.I.C. 

"Gaseous  Conductor  Lamps  and  Their  Applica- 
tions," by  J.  W.  Bateman. 

In  the  library,  under  the  chairmanship  of  M.  Barry 
Watson,  A.M.E.I.C.: 

"Simple  Graphical  Solution  for  Pressure  Rise  in 
Pipes  and  Pump  Discharge  Lines,"  by  R.  W.  Angus, 

M.E.I.C. 

"The  Montreal  Neurological  Institute  and  Its 
Service  Equipment,"  by  F.  J.  Friedman,  m.e.i.c,  and 
C.  P.  Creighton,  a. m.e.i.c. 

In  the  Tudor  Room  under  the  chairmanship  of  H.  A. 
Babcock,  a.m.e.j.c: 

"The  Toronto  Waterworks  Extensions,  a  General 
Description  of  the  Scheme  with  Details  of  Some  Out- 
standing Features,"  by  William  Storrie,  m.e.i.c 

"Three  Bascule  Bridges  of  the  Simple  Trunnion 
Type,"  by  H.  W.  Buzzell,  a. m.e.i.c,  and  R.  S.  Eadie, 

A.M.E.I.C 

The  professional  sessions  at  this  meeting  were  note- 
worthy in  including  two  discussions  of  importance.  The 
first,  held  on  Thursday  afternoon,  dealt  with  the  "Status 
of  the  Engineer,"  and  was  based  on  three  papers  as  follows: 

"The  Engineer  in  Industry,"  by  R.  E.  Smythe 

A.M.E.I.C 

"The  Engineer  in  Private  Practice,"  by  J.  M. 
Oxley,  M.E.I.C 

"The  Engineer  in  the  Public  Service,"  by  G.  J. 
Desbarats,  c.m.g.,  m.e.i.c 

In  these  papers  the  salient  points  were  first,  the 
situation  described  by  Col.  Smythe,  arising  in  Canada 
from  the  importation  of  young  technically  trained  men 
from  the  United  States  and  elsewhere,  largely  by  organiza- 
tions establishing  branch  plants  in  this  country;  second,  a 
question  raised  by  Mr.  J.  M.  Oxley  as  to  the  neces.sity  of 
complete  co-operation  and  understanding  between  the  en- 
gineer and  the  architect  in  undertakings  involving  the  work 
of  both  professions,  and  thirdly,  the  fact,  brought  out  by 
Mr.  Desbarats,  that  the  engineering  officers  in  some  of  the 
provincial  civil  services  are  not  so  favourably  treated  as 
regards  conditions  of  appointment  and  security  of  tenure 
as  are  their  brethren  in  the  Dominion  Civil  Service. 

As  a  result  of  the  discussion  it  was  decided  to  ask 
Council  to  take  immediate  action  with  regard  to  the  last 
named  difficulty. 

On  the  afternoon  of  Friday,  February  8th,  a  large 
audience,  to  accommodate  which  it  was  necessary  to  adjourn 
to  the  Ball  Room,  took  part  in  a  discussion  on  "The  Water 
Supply  of  the  Prairie  Provinces  and  its  Bearing  on  their 
Economic  Development"  under  the  chairmanship  of  Past- 
President  S.  G.  Porter,  m.e.i.c  No  less  than  eleven  papers 
were  presented  on  various  phases  of  the  subject  as  follows: 

"Precipitation  in  the  Prairie  Provinces,"  by  John 
Patterson. 
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"Surface  Water  Supply  and  Run-off  of  the  Prairie 
Provinces,"  by  J.  T.  Johnston,  m.e.i.c. 

"Water  Conservation  in  the  Prairie  Provinces," 
by  T.  C.  Main,  a.m. E. i.e. 

"The  Surface  Waters  of  the  Canadian  Prairies," 
by  P.  C.  Perry,  a. m.e.i.c. 

"Rural  Water  Supply  in  Alberta,"  by  W.  Calder. 
"Relationship  of  Geology  to  Soil  Drifting  in  South- 
ern Manitoba  and  Southern  Saskatchewan,"  by  W.  A. 
Johnston  and  R.  T.  D.  Wickenden. 

"Some  Possible  Sources  of  Ground  Water  in  South- 
ern Saskatchewan,"  by  R.  T.  D.  Wickenden. 

"Mineral  Character  of  the  Underground  Waters 
in  Southern  Saskatchewan,"  by  D.  C.  Maddox. 

"Storage  on  the  South  Saskatchewan  River,"  by 
Walter  Blue,  a.m. e. i.e. 

"Tree  Planting  in  Relation  to  Drought  Control," 
by  Norman  M.  Ross. 

"Water  Phases  of  the  Drought  Relief  Programme 
of  the  United  States  Federal  Emergency  Relief  Ad- 
ministration," by  Lewis  A.  Jones. 
The  active  discussion  which  followed  threw  additional 
light  on  nearly  all  these  phases  of  the  question. 

It  is  intended  to  publish  these  papers  and  the  dis- 
cussion thereon  in  an  eai-ly  issue  of  The  Journal. 

Following  the  many  activities  of  the  first  two  days  of 
the  meeting,  a  considerable  number  of  members  remained 
for  the  morning  of  Saturday,  February  9th,  and  took  part 
in  inspection  trips  to  the  following  engineering  works  of 
interest: 

New  Armouries,  Fleet  Street. 

The  Bell  Telephone  Company,  Elgin  Building. 

Laboratories  of  the  Hydro-Electric  Power  Commission, 

Strachan  Avenue. 
Laboratories  of  the  Ontario  Research  Foundation. 
Water  Purification  Plant,  Victoria  Park. 
The  Annual  Meeting  Committee  of  the  Toronto  Branch 
are  to  be  congratulated  on  the  undoubted  success  of  the 
meeting  due  so  largely  to  their  plans  and  eff"orts.    A  con- 
siderable proportion  of  the  time  usually  taken  up  by  purely 
technical  papers  was  this  year  devoted  to  the  consideration 
of  topics  of  more  general  interest  to  the  public  and  to 
members  of  the  engineering  profession,  and  this  innovation 
met  with  general  approval. 

OBITUARIES 

Robert  Angus,  M.E.I.C. 

It  is  with  deep  regret  that  the  death  at  London, 
Ontario,  on  January  16th,  1935,  of  Robert  Angus,  M.E.i.e., 
is  placed  on  record. 

Mr.  Angus  was  bom  at  Kingston,  Ontario,  on  January 
11th,  1842,  and  in  1865  he  entered  upon  an  apprenticeship 
with  the  Hon.  Elijah  Leonard,  who  was  at  that  time 
engaged  in  the  manufacture  of  sawing  machines,  threshing 
machines,  water  turbines  and  an  occasional  steam  engine. 
Books  and  engineering  periodicals  were  scarce  but  Mr. 
Angus  was  an  earnest  student  and  a  remarkably  ingenious 
mechanic,  and  with  the  aid  of  a  few  well-selected  books 
and  papers,  was  able  in  his  early  years  to  make  the  drawings 
for  a  number  of  steam  engines,  which  were  later  installed. 

When  the  town  of  St.  Thomas  decided  in  1873  or  1874 
to  put  in  its  first  pumping  engine  Mr.  Angus  made  the 
necessary  designs  and  drawings  and  supervised  the  con- 
struction of  the  machine  which  proved  very  successful. 
This  was  followed  in  the  next  year,  by  a  pumping  engine  for 
Sarnia,  and  since  that  time  he  has  designed  and  super- 
intended the  construction  of  a  very  large  number  of  engines 
and  other  machines. 

For  over  thirty  years  he  was  with  E.  Leonard  and  Sons, 
London,  and  during  a  large  part  of  this  time  he  had  charge 
of  the  shop.  He  also  served  as  master  mechanic  with  the 
Standard  Oil  Company,  Cleveland,  Ohio,  for  a  few  years, 


and  during  his  later  years  Mr.  Angus  had  a  very  busy  life 
as  a  consultant  on  engineering  matters. 

Mr.  Angus  showed  an  enthusiastic  interest 
engineering  cause,  and  joined  The  Institute  as  a 
on  April  18th,  1922.  He  was  the  first  Canadian 
of  the  American  Society  of  Mechanical  Engineers. 

Professor  R.  W.  Angus,  m.e.i.c.,  head  of  the 
ment  of  Mechanical  Engineering,  University  of 
is  one   of  Mr.  Angus'  two  surviving  sons. 


in  every 
Member 
member 

Depart- 
Toronto, 


R.  O.  Wynne-Roberts,  M.E.I.C. 

Robert  Owen  Wynne-Roberts,  M.E.I.C. 

Members  of  The  Institute  will  learn  with  regret  of  the 
death  of  Robert  Owen  Wynne-Roberts,  m.e.i.c,  at  Toronto 
on  February  5th,  1935. 

Mr.  Wynne-Roberts  was  boi'n  at  Liverpool,  England, 
on  October  12th,  1864,  and  in  1882-1889  was  assistant  town 
engineer  of  Llandudno,  Wales.  In  1889-1894  he  was 
borough,  water  and  gas  engineer  for  Caernarvon,  and  was 
subsequently,  until  1898,  borough  and  water  engineer  of 
Oswestry.  From  1898  until  1907  Mr.  Wynne-Roberts  was 
in  South  Africa,  acting  as  city  and  water  engineer  of 
Capetown.  Coming  to  Canada  in  1910  he  entered  private 
practice,  and  was  later  retained  by  the  city  of  Regina  and 
the  Saskatchewan  government  before  he  settled  in  Toronto 
and  established  the  firm  of  Wynne-Roberts,  Son  and 
McLean,  consulting  engineers.  Mr.  Wynne-Roberts'  prac- 
tice was  chiefly  concerned  with  municipal  undertakings, 
and  at  various  times  he  was  engaged  by  Belleville,  Blen- 
heim, Kincardine,  New  Liskeard,  Niagara  Falls,  and  many 
other  municipalities. 

Mr.  Wynne-Roberts  was  a  member  of  the  Institution 
of  Civil  Engineers  (Great  Britain)  and  the  American 
Society  of  Engineers.  He  was  a  graduate  of  the  Royal 
Sanitary  Institute,   England. 

He  joined  The  Institute  as  a  Member  on  March  11th, 
1913,  and  took  a  keen  interest  in  its  affairs,  having  served 
on  Council  in  the  years  1922,  1923  and  1924  and  been 
chairman  of  the  Toronto  Branch  in  1920. 

Albert  Henry  Pattenden,  M.E.I.C. 

Deep  regret  is  expressed  in  placing  on  record  the  death 
of  Albert  Henry  Pattenden,  m.e.i.c.,  which  occurred  at 
Montreal,  on  February  26th,  1935,  as  a  result  of  burns 
received  in  October,  1934,  during  an  explosion  which 
occurred  in  an  oil  switch  in  the  power  house  at  the  Central 
Division  of  the  Montreal  General  Hospital.  At  the  time  of 
the  accident  Mr.  Pattenden,  who  was  building  super- 
intendent of  the  Central  and  Western  Divisions  of  the 
Hospital,  was  supervising  the  restoration  of  service  after 
a  breakdown. 
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Mr.  Pattenden  was  born  in  London,  England,  on 
December  23rd,  1889,  and  from  1903-1907  was  apprentice 
with  Everett  Edgecumbe,  electrical  and  mechanical  engi- 
neers in  London.  Coming  to  Canada  in  1907,  Mr.  Patten- 
den was  with  the  Montreal  Light  Heat  and  Power  Company 
until  1910,  when  he  became  connected  with  the  Monarch 
Electric  Company,  Montreal,  being  engaged  on  the  design, 
fabrication  and  installation  of  power  house  and  sub-station 
equipment.  From  1912  until  1916  he  was  in  charge  of  the 
electric  car  department  in  the  Angus  shops  of  the  Canadian 
Pacific  Railway  Company.  In  1916-1918  Mr.  Pattenden 
was  in  charge  of  electrical  and  mechanical  development 
work  with  W.  J.  O'Leary  and  Company,  Montreal,  and 
following  this  was  until  1922  electrical  engineer  of  eastern 
plants  with  the  Canadian  Consolidated  Rubber  Company, 
being  transferred  to  the  central  office  as  electrical  engineer 
of  eastern  and  western  plants  at  that  time.  Mr.  Pattenden 
was  later  industrial  engineer  in  the  New  Business  Depart- 
ment of  the  Montreal  Light  Heat  and  Power  Cons.,  and  in 
1929  was  with  Gallard  and  Company,  Montreal.  In  1932 
Mr.  Pattenden  accepted  the  appointment  which  he  held 
up  to  the  time  of  the  fatal  accident. 

Mr.  Pattenden  joined  The  Institute  as  an  Associate 
Member  on  September  18th,  1923,  and  became  a  Member 
on  June  15th,  1928. 

PERSONALS 

J.  B.  Clark  Keith,  a.m.e.i.c,  chief  engineer  of  the  Essex 
Border  Utilities  Commission,  Windsor,  Ontario,  has  been 
elected  president  of  the  Association  of  Professional  En- 
gineers of  the  Province  of  Ontario. 

John  Stephenson,  a.m.e.i.c,  has  joined  the  staff  of 
the  Canadian  Atlas  Steel  Limited,  Welland,  Ontario,  as 
plant  maintenance  engineer.  Mr.  Stephenson  was  formerly 
with  the  General  Engineering  Company  of  Canada  Limited, 
Toronto. 

W.  J.  Lecky,  s.e.i.c,  is  now  a  demonstrator  and  sales 
engineer  on  the  staff  of  Holman  Machines  Limited,  Noran- 
da.  Que.  Mr.  Lecky,  who  graduated  from  McGill  Univer- 
sity in  1932  with  the  degree  of  B.Eng.,  was  for  a  time  with 
Noranda  Mines  Limited,  at  Noranda,  and  has  more  recently 
been  with  Howey  Gold  Mines  Limited,  at  Red  Lake,  On- 
tario. 

C.  Hastings  Skelton,  s.e.i.c,  who  was  formerly  with 
the  Nichols  Engineering  and  Research  Corporation  of 
Canada,  Limited,  Montreal,  is  now  connected  with  the 
research  department  of  the  Consolidated  Paper  Corpora- 
tion, Wayagamack  Division,  at  Three  Rivers,  Que.  Mr. 
Skelton  graduated  from  McGill  University  in  1930  with 
the  degree  of  B.Sc. 

M.  Stuart  Nelson,  a.m.e.i.c,  has  recently  become  con- 
nected with  Farand  and  Delorme,  Limited,  Montreal,  as 
contracting  engineer.  Following  graduation  from  McGill 
University  in  1915  with  the  degree  of  B.Sc,  Mr.  Nelson 
was  for  a  short  time  surveyor  with  the  International 
Nickel  Company,  and  from  January  1916  until  May  1917 
he  was  engaged  as  a  chemist,  and  on  industrial  inspection, 
etc.  From  May  until  November  1917  he  was  works  en- 
gineer with  A.  F.  Byers  and  Company  Limited,  and  later 
until  June  1918,  Mr.  Nelson  was  plant  chemist  with  Can- 
adian Electro-Metals  at  Shawinigan  Falls,  Que.  From 
June  1918  until  March  1919  he  was  a  lieutenant  with  the 
Canadian  Engineers.  In  May  1919  Mr.  Nelson  again 
became  connected  with  A.  F.  Byers  and  Company  Limited, 
as  building  foreman  and  superintendent,  and  from  June 
1920  until  May  1923  was  in  charge  of  purchasing  and  sub- 
contracts with  the  same  firm.  In  May  1923  he  joined  the 
staff  of  A.  Faustin  Limited  as  assistant  manager  and 
secretary-treasurer  and  remained  with  that  firm  until 
recently. 


Member  of  Institute  on  Directorate  of  Bank  of  Canada 

W.  D.  Black,  M.E.i.c,  vice-president  and  general 
manager  of  the  Otis-Fcnsom  Elevator  Company  Limited, 
Hamilton,  Ontario,  has  been  elected  to  the  directorate  of 
the  Bank  of  Canada. 

Graduating  from  the  University  of  Toronto  in 
1910  with  the  degree  of  B.A.Sc,  Mr.  Black  was  sub- 
sequently resident  engineer  for  Gustav  Lindenthal  on  the 
Kentucky  river  high  bridge.  In  1911  he  joined  the 
staff  of  the  Otis-Fensom  Elevator  Company  Limited,  as 
manager  for  the  Maritime  Provinces  and  Quebec,  and  held 
that  position  until  1918  when  he  was  engineer  in  charge  of 
munition  production  for  the  company.  In  1918-1921  he 
was  manager  of  construction,  and  in  1921-1925  works 
manager,  being  appointed  general  manager  in  1926. 

In  1934,  as  president  of  the  Industrial  Relations  Com- 
mittee of  the  Canadian  Manufacturers'  Association,  Mr. 
Black  was  appointed  employers'  delegate  to  the  Inter- 
national Labour  Conference  in  Geneva. 

J.  A.  McCrory,  M.E.i.c,  Receives  Important  Appointment 

J.  A.  McCrory,  m.e.i.c,  has  been  appointed  vice- 
president  and  chief  engineer  of  the  Shawinigan  Engineering 
Company  Limited. 

Mr.  McCrory  graduated  from  Pennsylvania  State 
College  in  1907  with  the  degree  of  B.Sc.  in  mechanical 
engineering,  and  coming  to  Canada  in  1910,  located  at 
Toronto,  where  he  was  engaged  on  the  design  and  con- 
struction of  the  London  Hydro  sub-station  and  in  general 
building  work.  In  1912  he  moved  to  Montreal,  and  for 
four  years  was  employed  on  design  and  supervision  of  re- 
inforced concrete  construction.  Mr.  McCrory  joined  the 
staff  of  the  Shawinigan  Water  and  Power  Company  in 
1916  as  a  designer,  and  on  the  formation  of  the  Shawinigan 
Engineering  Company  Limited,  in  1918,  was  appointed 
office  engineer.  During  the  intervening  period  he  has  been 
actively  engaged  on  the  design  and  investigation  of  a  large 
number  of  hydro-electric  developments  for  the  Shawinigan 
Water  and  Power  Company  and  others. 

Mr.  McCrory  has  taken  an  active  interest  in  the 
affairs   of   The   Institute   since   he   became   an    Associate 


J.  A.  McCrory,  M.E.I.C. 

Member  in  1921  and  a  full  Member  in  1926,  having  been 
chairman  of  the  Montreal  Branch  in  1929  and  having 
represented  that  Branch  on  the  Council  of  The  Institute 
continuously  since  1930. 

Mr.  McCrory  is  a  member  of  the  Corporation  of  Pro- 
fessional Engineers  of  Quebec,  the  Canadian  Engineering 
Standards  Association,  the  Canadian  Electrical  Associa- 
tion, and  the  American  Society  for  Testing  Materials. 
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Richard  E.  Heartz,  m.e.i.c,  is  now  assistant  chief 
engineer  of  the  Shawinigan  Engineering  Company  Limited. 

Mr.  Heartz  graduated  from  McGill  University  in  1917 
with  the  degree  of  B.Sc,  and  immediately  after  graduation 
was  employed  by  the  St.  Maurice  Construction  Company 
at  La  Loutre,  on  the  construction  of  the  Gouin  dam.  Later 
in  the  same  year  he  enlisted  with  the  Royal  Air  Force, 
received  his  commission  early  in  1918,  and  was  appointed 


R.  E.  Heartz,  M.E.I.C. 

flying  instructor,  being  demobilized  in  1919.  In  that  year 
he  joined  the  Eraser  Brace  Engineering  Company,  Ltd., 
and  was  employed  on  the  construction  of  the  Big  Eddy  dam 
on  the  Spanish  river.  Mr.  Heartz  became  resident  engineer 
at  La  Gabelle  development  on  the  St.  Maurice  river  in 
1922,  having  joined  the  staff  of  the  Shawinigan  Engineering 
Company  Limited  in  1920.  He  was  resident  engineer  on 
the  St.  Narcisse  development  on  the  Batiscan  river  in 
1924-1925,  and  in  1926  was  transferred  to  Montreal  for 
investigation  and  preliminary  design  of  hydro-electric 
developments.  In  1927  Mr.  Heartz  was  appointed  resident 
engineer  of  the  Paugan  Falls  development  on  the  Gatineau 
river,  and  since  the  completion  of  that  undertaking  has  been 
connected  with  the  design  and  construction  of  different 
hydro-electric  projects. 

E.  Geoffrey  Cullwick,  jr.E.i.c,  formerly  assistant 
professor  in  electrical  engineering  at  the  University  of 
British  Columbia,  Vancouver,  B.C.,  has  resigned  from  that 
position  to  join  the  professional  stafT  of  the  Military  College 
of  Science,  Woolwich,  England,  as  lecturer  in  electrical 
engineering.  It  will  be  recalled  that  Mr.  Cullwick,  who 
graduated  from  Cambridge  University  in  1925  with  the 
degree  of  B.A.  in  engineering,  received  honourable  mention 
for  his  paper  on  "Engineering  Education"  submitted  for 
the  Past-Presidents'  Prize  for  the  year  1930-1931  and  also 
for  one  on  "The  Effect  of  the  Development  of  the  Electronic 
Valve  upon  Electrical  Engineering  and  Industry"  which  he 
submitted  for  the  year  1932-1933.  Following  graduation, 
Mr.  Cullwick  was  for  a  time  connected  with  the  Canadian 
General  Electric  Company,  Ltd.,  at  Peterborough,  Ontario. 

Dr.  F.  D.  Adams,  Hon.M.E.i.c,  Honoured 

Dr.  Frank  D.  Adams,  Ph.D.,  d.Sc,  f.g.s.a.,  f.r.s., 
Hon.M.E.i.c,  emeritus  vice-principal  of  McGill  University 
and  eminent  geologist  and  palaeontologist,  has  been 
appointed  a  foreign  member  of  the  Swedish  Academy  of 
Science  of  Stockholm,  the  body  whose  duty  it  is  to  select 
each  year  the  person  to  whom  shall  be  awarded  the  Nobel 
prizes  in  chemistry  and  physics.  This  is  in  recognition  of 
the  important  contributions  which  Dr.  Adams  has  made  to 
the  science  of  geology.    Dr.  Adams  has  also  been  elected 


a    foreign    member   of    Academia    Asiatica,    of   Teheran, 
Persia. 

Gordon  McLeod  Pitts,  a.m.e.i.c.  Elected  President  of  the 
Province  of  Quebec  Association  of  Architects 

Gordon  McLeod  Pitts,  a  member  of  the  firm  of  Maxwell 
and  Pitts,  Architects,  Montreal,  has  been  elected  President 
of  the  Province  of  Quebec  Association  of  Architects. 

A  native  of  Fredericton,  N.B.,  Mr.  Pitts  graduated 
from  McGill  University  in  1908  with  the  degree  of  B.Sc, 
and  in  1909  received  the  degree  of  M.Sc.  In  1916  he 
received  the  degree  of  B.Arch. 

In  1906  Mr.  Pitts  was  an  engineer  on  construction 
with  the  Canadian  Pacific  Railway  and  in  1908  was  a  senior 
draughtsman  with  the  Transcontinental  Railway  at  Ottawa, 
Ont.  In  1909  he  joined  the  staff  of  P.  Lyall  and  Sons  Con- 
struction Co.  Ltd.,  as  engineer  and  superintendent,  and  in 
1912  was  supervising  engineer  for  the  construction  of  the 
Montreal  High  School  for  the  Protestant  Board  of  School 
Commissioners.  He  was  assistant  to  John  A.  Pearson, 
Architect  for  the  Parliament  Buildings  at  Ottawa.  In 
1919  he  joined  the  firm  of  Edward  and  W.  S.  Maxwell, 
Architects  of  Montreal,  forming  the  firm  of  Maxwell  and 
Pitts  in  1923,  thereby  maintaining  one  of  the  oldest  architec- 
tural practices  in  Canada. 

Dr.  R.  W.  Boyle,  m.e.i.c,  director.  Division  of  Physics 
and  Engineering,  National  Research  Council,  Ottawa,  was 
elected  chairman  of  the  Ottawa  Branch  of  The  Institute 
for  the  year  1935,  at  the  Branch's  annual  meeting  recently. 

Dr.  Boyle  is  a  graduate  of  McGill  University,  having 
received  the  degree  of  B.Sc.  in  1905,  that  of  M.Sc.  (for 
research  in  physics)  in  1906,  and  Ph.D.  in  1909,  and  being 
awarded  the  1857  Exhibition  Research  Scholarship,  he 
was  at  Manchester  University,  England,  from  1909  until 
1911. 

Returning  to  Canada,  Dr.  Boyle  was  assistant  pro- 
fessor of  physics  at  McGill  University  in  1912,  and  in  the 
same  year  was  appointed  professor  of  physics  at  the  Uni- 
versity of  Alberta.  During  the  years  1916-1919,  Dr.  Boyle 
was  in  charge  of  experimental  work  on,  and  later  con- 
sultant on  new  methods  of  submarine  detection  for  the 
Admiralty  Board  of  Inventions  and  Research.  In  the 
autumn  of  1919  he  resumed  the  professorship  of  physics  and 
of  electrical  engineering  at  the  University  of  Alberta,  and 
in  1921  was  appointed  Dean  of  the  Faculty  of  Applied 
Science  at  the  same  university,  holding  that  office  until 
1929  when  he  accepted  the  appointment  which  he  now  holds. 

H.  G.  Thompson,  a.m.e.i.c,  has  been  appointed  mana- 
ger of  the  Toronto  sales  office  of  Canadian  Vickers  Limited. 
Mr.  Thompson  completed  his  course  at  the  University  of 
Toronto  following  his  return  from  overseas,  where  he 
served  with  the  R.N.A.S.,  graduating  in  1922  with  the 
degree  of  B.A.Sc,  and  was  subsequently  engaged  on 
engineering  design,  estimating  and  sale  of  heating  and 
ventilating  equipment  with  the  Canadian  Sirocco  Company 
Limited,  Montreal.  From  June  to  November  1923  he 
was  supply  engineer  for  pulp  mill  equipment  with  the 
Riordon  Company  Limited  at  Temiskaming,  Que.,  and 
from  that  time  untU  1925  was  connected  with  the  Com- 
bustion Engineering  Corporation  Limited,  as  engineer  on 
erection,  service  and  sale  of  boilers,  mechanical  stokers, 
etc.,  and  later  as  assistant  to  the  Montreal  manager.  In 
October  1925  Mr.  Thompson  joined  the  staff  of  Affiliated 
Engineering  Companies  Limited,  and  in  1930  became 
associated  with  F.  S.  B.  Heward  and  Company  Limited, 
Montreal.  At  the  inception  of  the  E-I-C  Engineering 
Catalogue  in  1932,  Mr.  Thompson  was  appointed  editor 
of  indices.  In  1934  he  joined  the  sales  force  of  Canadian 
Vickers  Limited,  specializing  in  the  boiler  field. 
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The  Sir  John  Kennedy  Medal  Awarded  to 
Robert  Alexander  Ross,  M.E.I.C. 


Robert  Alexander  Ross,  m.e.i.c,  receives  the  Sir  John 
Kennedy  Medal  of  The  Engineering  Institute  of  Canada 
for  the  year  1934. 

This  gold  medal  was  established  in  commemoration  of 
the  great  services  rendered  to  the  development  of  Canada, 
to  engineering  science  and  to  the  profession  by  the  late 
Sir  John  Kennedy,  past-president  of  The  Institute.  It  is 
the  highest  honour  which  The  Institute  can  bestow  and  is 
given  only  when  the  occasion 
warrants,  as  a  recognition  of 
outstanding  merit  in  the  pro- 
fession or  of  noteworthy  con- 
tribution to  the  science  of  en- 
gineering, or  to  the  benefit  of 
The  Institute.  Previous  reci- 
pients of  this  award  have  been 
the  late  Colonel  R.  W.  Leonard, 
M.E.I.C,  G.  H.  Duggan,  m.e.i.c, 
and  A.  J.  Grant,  m.e.i.c 

Born  at  Woodstock,  Ontario, 
on  August  29th,  1865,  Mr.  Ross 
was  educated  at  the  University 
of  Toronto,  graduating  from 
the  School  of  Practical  Science 
in  1890. 

Following  graduation  he  was 
engineer  in  charge  of  the  engi- 
neering department  of  the  Can- 
adian General  Electric  Com- 
pany at  Sherbrooke,  Que.,  and 
Peterborough,  Ont.,  until  1893, 
when  he  was  appointed  chief 
electrical  and  mechanical  en- 
gineer of  the  Royal  Electric 
Company  of  Montreal  in  charge 
of  all  engineering  in  station  and 
shops.  In  1896  Mr.  Ross  was 
granted  the  professional  degree 
of  E.E.  by  the  University  of 
Toronto,  and  since  that  date 
has  been  engaged  in  consulting 
engineering  practice  in  Mont- 
real, having  been  responsible 
for  the  design  of  many  im- 
portant electrical  and  power 
installations,  including  the  West 
Kootenay  Power  and  Light 
plant  at  Bonnington  Falls,  B.C., 
the  Huronian  Company's  plant, 
and  that  of  the  Canadian  Cop- 
per Company  at  Copper  Cliff,  Ont.,  the  West  India  Electric 
Company,  Jamaica,  and  many  others. 

Mr.  Ross  has  acted  at  various  times  as  consultant  to 
most  of  the  larger  cities  and  municipalities  throughout  the 
Dominion  and  has  carried  out  work  in  China,  India,  Straits 
Settlements,  Russia,  Finland,  Scotland,  AustraHa  and  the 
United  States. 

An  interesting  feature  of  Mr.  Ross's  professional  career 
has  been  his  long  connection  with  the  City  of  Westmount 
as  their  consulting  engineer.  His  original  commission  from 
the  city  led  to  the  installation  of  their  well  known  municipal 
power  plant  and  refuse  destructor.    This  plant  was  built 


R.  A.  ROSS 


in  1905  and  its  success  was  largely  due  to  the  progressive 
ideas  of  the  consulting  engineer,  while  its  operation  as  a 
municipal  undertaking  did  much  to  bring  about  successive 
reductions  in  electrical  rates  in  the  Island  of  Montreal. 

In  1916  at  the  time  of  its  establishment,  he  was 
appointed  a  member  of  the  Honorary  Advisory  Council 
for  Scientific  and  Industrial  Research,  and  later  held  the 
office  of  chairman  of  that  body  for  some  years.     He  was 

also  chairman  of  the  Lignite 
Utilization  Board  (1918-1924). 
From  1918  until  1921  Mr. 
Ross  served  as  a  member  of 
the  Administrative  Commis- 
sion of  Montreal,  a  body 
formed  by  the  provincial  gov- 
ernment to  save  the  city  from 
financial  chaos,  and  in  1921  he 
received  the  honorary  degree 
of  Doctor  of  Science  from  the 
University  of  Toronto. 

In  1923  Dr.  Ross  was 
appointed  a  member  of  the 
Gregory  Commission,  a  Royal 
Commission  instituted  by  the 
provincial  government  of  On- 
tario to  investigate  and  report 
upon  the  affairs  of  the  Hydro- 
Electric  Power  Commission  of 
Ontario,  and  in  1932  was  a 
member  of  the  Board  of  En- 
gineers which  carried  out  an 
important  investigation  into 
power  rates  in  the  city  of 
Quebec  and  reported  to  the 
city  council  thereon. 

Dr.  Ross  has  always  taken 
a  leading  part  in  the  affairs  of 
The  Engineering  Institute  of 
Canada,  having  joined  the  Can- 
adian Society  of  Civil  Engineers 
as  a  Member  on  May  6th, 
1897.  He  served  as  a  member 
of  Council  for  eight  years,  was 
a  vice-president  from  1914  to 
1916,  and  filled  the  presidential 
chair  of  The  Institute  in  1920. 
He  is  a  Fellow  of  the  Amer- 
,  M.E.I.C.  ican  Institute  of  Electrical  En- 

gineers. 

Throughout  Dr.  Ross's  career 
he  has  been  unsparing  in  devoting  time  and  effort  to  the 
service  of  his  fellow  engineers  and  the  public.  A  man  of 
unswerving  integrity  and  clear  vision,  his  independence  of 
character  and  his  professional  competence  have  combined  to 
give  special  value  to  his  advice,  a  feature  most  clearly 
exemplified  during  his  connection  with  the  management  of 
the  affairs  of  the  city  of  Montreal. 

Always  generous  in  his  appraisal  of  others,  he  has 
never  sought  publicity  as  regards  his  own  achievements, 
although  these  have  marked  him  out,  both  as  a  distin- 
guished public  servant  and  an  outstanding  member  of  his 
profession. 
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Award  of  Medals  and  Prizes 


GzowsKi  Medal 
W.  H.  Powell,  M.E.I.C.,  has  been  awarded  the  Gzowski 
Medal  for  the  year  1933-1934  for  his  paper  entitled  "First 
Narrows  Pressure  Tunnel,   Vancouver,   B.C."  which  was 
published  in  The  Engineering  Journal  for  June  1934. 


W.  H.  Powell,  M.E.I.C. 
Gzowski  Medallist 


of  Magnesian  Carbonates"  which  appeared  in  the  December, 
1933,  issue  of  The  Journal. 

Mr.  Lathe  is  a  graduate  of  McGill  University,  having 
received  the  degree  of  B.A.  in  chemistry  in  1904,  that  of 
B.Sc.  in  metallurgy  in  1907,  and  his  M.Sc.  in  metallurgy 
in  1915. 

From  1910  until  1924  Mr.  Lathe  was  chief  chemist  or 
metallurgist  with  copper  and  nickel  companies  in  British 
Columbia,  Chile,  Ontario  and  Quebec,  with  the  exception 
of  1914-1915,  when  he  was  lecturer  in  metallurgy  at  the 
University  of  Toronto.  From  1925  until  the  present  time 
he  has  been  with  the  National  Research  Council,  first  as 
technical  assistant  to  the  president,  and  for  the  last  five 
years  in  the  position  which  he  now  occupies.  Mr.  Lathe 
is  a  Fellow  of  the  Canadian  Institute  of  Chemistry  and  the 
American  Association  for  the  Advancement  of  Science,  a 
member  of  the  Canadian  Institute  of  Mining  and  Metal- 
lurgy, the  American  Institute  of  Mining  and  Metallurgical 
Engineers,  and  the  Canadian  Ceramic  Society. 

Leonard  Medal 

M)-.  D.  E.  Keeley  is  the  recipient  of  the  Leonard  Medal 
for  the  year  1933-1934,  the  award  being  for  his  paper  on 
"Guniting  at  the  Mclntyre  Mine"  which  appeared  in  the 
June,  1934,  Bulletin  of  the  Canadian  Institute  of  Mining 
and  Metallurgy. 


F.  E.  Lathe 
Plummer  Medallist 


D.  E.  Keeley 
Leonard  Medallist 


F.  A.  Masse,  Jr.E.I.C. 
John  Galbraith  Prizeman 


Mr.  Powell  graduated  from  McGill  University  in  1909 
with  the  degree  of  B.Sc,  and  was  subsequently  first  assist- 
ant and  articled  pupil  to  B.  J.  Saunders,  d.l.s.  At  the 
beginning  of  the  year  1910  he  was  with  the  Maritime  Bridge 
Company,  New  Glasgow,  as  a  draughtsman,  and  in  1910- 
1911  was  assistant  on  a  Dominion  Hydrographical  Survey 
in  the  neighbourhood  of  Prince  Rupert.  In  the  following 
year  Mr.  Powell  was  in  charge  of  a  subdivision  survey  in 
northern  Saskatchewan  with  the  Topographical  Surveys 
Branch,  Department  of  the  Interior,  and  from  March  to 
August  1912  was  in  private  practice  on  miscellaneous  sur- 
veys. In  August  1912  he  was  appointed  city  surveyor  for 
the  city  of  Vancouver  which  position  he  held  for  a  number 
of  years.  In  1928  Mr.  Powell  became  engineer  for  the 
Greater  Vancouver  Water  District,  and  still  holds  that 
appointment. 

Plummeu  Medal 

The  Plummer  Medal  Committee  has  awarded  that 
medal  for  the  year  ending  June,  1934,  to  Mr.  F.  E.  Lathe, 
Director,  Division  of  Research  Information,  National  Re- 
search Council,  Ottawa,  for  his  paper  on  "The  Utilization 


C.  B.  Charlewood,  S.E.I.C. 
Phelps  Johnson  Prizeman 
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Mr.  Keeley,  who  is  a  graduate  of  Queen's  University, 
Kingston,  is  mine  superintendent  of  Mclntyre  Porcupine 
Mines  Limited,  Schumacher,  Ontario.  He  is  a  member  of 
the  Canadian  Institute  of  Mining  and  Metallurgy.  Leonard 
medallists  must  be  members  either  of  The  Engineering 
Institute  of  Canada  or  of  the  Canadian  Institute  of  Mining 
and  Metallurgy. 

Students'  and  Juniors'  Prizes 

Two  of  these  prizes  were  awarded  this  year  as  follows : 

The  John  Galbraith  Prize  (province  of  Ontario)  to 
F.  A.  Masse,  Jf.e.t.c,  assistant  chemist,  Abitibi  Power  and 
Paper  Company,  Sault  Ste.  Marie,  Ontario,  for  his  paper 
on  the  "History  of  Paper  Making." 

The  Phelps  Johnson  Prize  (Province  of  Quebec,  En- 
glish) to  C.  B.  Charlewood,  s.e.i.c,  who  is  attached  to 
the  mechanical  department  of  Noranda  Mines  Limited, 
Noranda,  Que.,  for  his  paper  entitled  "Steam  Distribution 
in  the  Newsprint  Mill." 

ELECTIONS  AND  TRANSFERS 

At  the  meeting  of  Council  held  on  February  22nd,  1935, 
the  following  elections  and  transfers  were  effected : — 

Members 

CAMPBELL,  Lome  Argyle,  vice-president  and  general  manager, 
West  Kootenay  Power  and  Light  Company,  Limited,  "Trail,  B.C. 

IRWIN,  GifTord  Melville,  B.Sc,  (McGill  Univ.),  city  engr.  and 
water  commissioner.  City  of  Victoria,  B.C. 

Associate  Member 
RIMMER,  Ralph  Horton,  B.S.  (Chem.),  (Univ.  of  N.C.),  asst. 
supt.,  aluminum  plant  (Arvida  works).  Aluminum  Company  of  Canada 
Ltd.,  Arvida,  Que. 

Transferred  from  the  class  of  Associate  Member  to  that  of 
Member 

BONN,  William  Ernest,  (Glasgow  &  West  of  Scot.  Tech.  Sch.), 
engr.  in  charge,  Toronto  district,  Canadian  Dredging  Co.  Ltd.,  Toronto, 
Ont. 

CREALOCK,  Archie  Biu-gess,  B.A.Sc,  (Univ.  of  Toronto),  consltg. 
engr..  Kent  Bldg.,  Toronto,  Ont. 

SMYTHE,  Ro.  Eric,  Colonel,  D.S.O.,  M.C.,  B.A.Sc,  (Univ.  of 
Toronto),  director,  Technical  Service  Council,  Toronto,  Ont. 

WILSON,  William  Stewart,  B.A.Sc,  (Univ.  of  Toronto),  secretary, 
Faculty  of  Applied  Science  and  Engineering,  University  of  Toronto, 
Toronto,  Ont. 

WOOD,  James  Robert,  Associate  (Civil  Engrg.),  (Royal  Technical 
College),  asst.  city  engr.,  Calgary,  Alta. 

Transferred  from  the  class  of  Junior  to  that  of 
Associate  Member 

COCKBURN,  John  Macmillan,  B.Sc,  (Queen's  Univ.),  engr., 
telephone  systems  engrg.  dept..  Northern  Electric  Co.  Ltd.,  Montreal, 
Que. 

HICKS,  Ben  Church,  B.Sc,  (McGill  Univ.),  elect'l.  engr.,  Shaw- 
inigan  Water  &  Power  Company,  Montreal,  Que. 

JUSTICE,  Claude  Wellington,  B.Sc,  (Univ.  of  Man.),  asst.  to 
plant  engr.,  Noranda  Mines  Ltd.,  Noranda,  Que. 

LANGLOIS,  William  Lawrence,  B.A.Sc,  (Univ.  of  Toronto), 
acting  asst.  district  engr.,  Dept.  of  Northern  Development,  Wanapitei, 
Ont. 

MITCHELL,  J.  Murray,  B.Sc,  (McGill  Univ.),  district  traffic 
supt.,  Bell  Telephone  Company  of  Canada,  Three  Rivers,  Que. 

Transferred  from  the  class  of  Student  to  that  of 
Associate  Member 

HANGO,  J,  Raymond,  B.Sc,  (Univ.  of  Alta.),  asst.  elect'l.  engr., 
Duke-Price  Power  Co.  Ltd.,  Arvida,  Que. 

JUBIEN,  Ernest  Burchell,  B.Sc,  (McGill  Univ.),  engrg.  dept., 
Canadian  Industries  Limited,  Montreal,  Que. 

LALONDE,  Jean  Paul,  B.A.Sc,  C.E.,  (Ecole  Polytech.,  Montreal), 
chief  engr.,  J.  M.  Eugene  Guay  Inc.,  consltg.  engr.,  Montreal,  Que. 

MILLER,  Charles,  B.Sc,  (Queen's  Univ.),  engrg.  staff,  Duke-Price 
Power  Co.  Ltd.,  Arvida,  Que. 

Transferred  from  the  class  of  Student  to  that  of  Junior 

DUTTON,  William  Lawrason,  B.A.Sc,  (Univ.  of  Toronto),  engr., 
Union  Gas  Company  of  Canada  Ltd.,  Chatham,  Ont. 

FISHER,  Sidney  Thomson,  B.A.Sc,  (Univ.  of  Toronto),  design 
engr..  Northern  Electric  Co.  Ltd.,  Montreal,  Que. 

PIDOUX,  John  Leslie,  B.Sc,  (Univ.  of  Alta.),  instr'man.,  Dept. 
Public  Works  of  Alberta,  Calgary,  Alta. 


Students  Admitted 

CROTHERS,  Donald  Coverdale,  (Queen's  Univ.),  11  Sydenham 
St.,    King.ston,    Ont. 

DAVIDSON,  Arthiu  Campbell,  (Univ.  of  Man.),  1732-1 1th  St. 
West,  Calgary,  Alta. 

At  the  meeting  of  Council  held  on  February  7th,  1935, 
the  following  Students  were  admitted: — 

BACGS,  William  Clyde,  (McGill  Univ.),  3506  University  St., 
Montreal,  Que. 

BONNELL,  A.  Robertson,  (Univ.  of  N.B.),  447  Charlotte  St., 
Fredericton,  N.B. 

BREWER,  Douglas  Jared,  (Univ.  of  N.B.),  269  Woodstock  Road, 
Fredericton,  N.B. 

DUNLOP,  James  Russell,  (McGill  Univ.),  184  Primrose  Ave., 
Ottawa,  Ont. 

MAYHEW,  Earle  Chandler,  Lieut.,  O.M.E.,  (Grad.  R.M.C.), 
(Queen's  Univ.),  Headquarters,  M.D.  No.  3,  Kingston,  Ont. 

MORRIS,  Harold  Kempffer,  (McGill  Univ.),  2063  Stanley  St., 
Montreal,  Que. 

ZION,  Alfred  Bernard,  (McGill  Univ.),  5280  Byron  St.,  Montreal, 
Que. 

RECENT  ADDITIONS  TO  THE  LIBRARY 

Proceedings,  Transactions,  etc. 

Junior  Instilvte  of  Engineers: 

Transactions,  1934. 
American  Society  for  Testing  Materials: 

Proceedings  of  37th  Annual  Meeting,  volume  34,  parts  1  and  2. 
American  Institute  of  Electrical  Engineers: 

Transactions  Volume  53,  1934. 

Reports,  etc. 
Society  for  the  Promotion  of  Engineering  Education: 

Report  of  Investigation   1923-1929  and  a  Report  on   Technical 
Institutes,  1928-1929. 
Institution  of  Structural  Engineers: 

Report  on  the  Treatment  of  Welded  Structures  by  the  Metallic 
Arc  Process. 
Canada,  Department  of  Labour:  Report  for  the  year  ending  March,  1934. 
Quebec  Bureau  of  Mines:  Annual  Report  for  1933.     Part  B. 
Shawinigan  Water  and  Power  Company:  Annual  Report,  1934. 
Hamilton,  Ontario:  Annual  Reports  of  the  City  Engineer  for  the  years 

1931-1932  and  1933. 
Virginia  Polytechnic  Institute:  Catalogue,  1934. 
Institution  of  Civil  Engineers:  List  of  Members.  1935. 
Technical  Books,  etc..  Received 
American  Iron  and  Steel  Institute:  Directory  of  the  lion  and  Steel 

Works  of  the  United  States  and  Canada.    21st  edition.    1930. 
Diesel  Engine  Design,  by  H.  F.  Shepherd.     (John  Wiley  and  Sons.) 
The  Trisection  of  any  Rectilineal  Angle,  by  Geo.  Goodwin.    (Presented 

by  F.  Condon,  M.E.I.C.    This  book  was  among  the  effects  of  the 

late  M.  J.   Alurphy,   a.m.f.i.c,  and  is  inscribed  as  having  been 

presented  to  the  late  Dr.  Martin  Murphy  by  the  author.) 
An  Introduction  to  Structural  Theory  and  Design,  by  Sutherland  and 

Bowman.     (John  Wiley  and  Sons.) 
The  Principles  of  Motor  Fuel  Preparation  and  Application,  by  Nash 

and  Howes.     (John  Wiley  and  Sons.) 
Hydrothermal  Synthesis  of  Calcium  Hydrosilicates,  by  V.  A.  Vigfusson, 

G.  N.  Bates  and  T.  Thorvaldson. 
Studies  on  the  Thermochemistry  of  the  Compounds  Occurring  in  the 

System  CaO-AUOj-SiOj.  V.    The   Heats  of    Formation  of  Tri- 

calcium  Silicate  and  Dicalcium  Silicate,  by  O.  K.  Johannson  and 

T.  Thorvaldson. 

BOOK  REVIEWS 

Report  on  the  Treatment  of  Welded  Structures  by 
the  Metallic  Arc  Process 

Published  by  the  Institution  of  Structural  Engineers,  London,  England, 

1934.    514  by  814  inches,  photos,  diagrams,  etc.    5  shillings.    Paper. 

Reviewed  by  P.  L.  Pratley,  m.e.i.c* 

This  report  is  definitely  a  notable  contribution  to  the  proper 
appreciation  of  this  comparatively  new  art — the  application  of  electric 
welding  processes  to  structural  steel  fabrication. 

Part  I,  which  deals  with  the  process  and  its  technique, is  particularly 
valuable,  constituting  as  it  does  a  clear  presentation  of  the  aim,  the 
materials,  the  methods,  the  difficulties  encountered  and  the  experience 
gained  up  to  date  both  in  practice  and  research. 

The  basic  principles  are  explained  with  commendable  lucidity  and 
there  can  be  no  doubt  but  that  a  large  number  of  engineers  interested 
in  arc  welding  as  a  means  of  accomplishing  the  connection  and  physical 
integration  of  metal  parts  will  find  here  just  that  amount  of  technical 
description  which  will  enable  them  to  understand  the  present  state 
of  the  art  and  its  rapid  development  both  in  respect  of  direction  and 
concerning  the  various  limiting  influences. 

'Monsarrat  and  Pratley,  Montreal. 
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The  references  to  flux-coated  electrodes,  to  the  functions  of  their 
chemical  components,  to  the  gases  evolved,  and  to  the  current  absorbed, 
are  concisely  expressed  and  very  well  illustrated. 

The  variety  of  deposited  beads,  their  critical  analysis,  and  some 
valuable  practical  hints  and  suggestions  regarding  the  length  of  run 
available  or  desirable  from  standard  lengths  of  electrodes  of  specific 
gauges,  are  all  treated  in  this  first  part  and  accompanied  by  useful 
though  simple  illustrative  diagrams. 

Procedure  in  fabrication  may  differ  as  between  various  shops  and 
individual  supervisors,  but  such  informative  notes  on  accepted  practice 
under  stated  conditions  are  eagerly  sought  by  those  engaged  in  develop- 
ing the  process,  imder  similar,  or  even  dissimilar  conditions.  The 
experiments  on  distortion  which  are  described  in  the  Report,  on  pages 
35  to  39,  arc  both  interesting  and  instructive  and  serve  to  remind  the 
interested  reader  that  experience  and  study  are  both  necessary  and 
sufficient  to  avoid  trouble  in  this  connection. 

The  second  section  of  the  Report,  Part  II,  deals  with  the  metallur- 
gical aspect  and  treats  of  the  various  electrodes,  the  preparation  of  the 
surfaces,  the  resulting  fusions,  and  the  types  of  corrosion,  slag  inclusion, 
and  other  sources  of  defect.  Numerous  micro-photographs  illustrating 
good  and  bad  beads,  the  effects  of  various  treatments  upon  the  elec- 
trodes, actual  joints  between  weld  metal  and  parent  metal,  etc.,  etc., 
including  a  series  of  X-ray  exposures  and  a  number  of  diagrammatic 
sketches  add  many  valuable  and  informative  pages  to  this  portion  of 
the  Report. 

The  following  section,  Part  III,  deals  with  sundry  tests  made 
under  shop  conditions  and  is  again  copiously  illustrated  with  photo- 
graphs, sketches  and  diagrams. 

Part  IV  is  a  very  useful  section  in  the  nature  of  suggestioas  for 
specifications  covering  ordinary  practice  and  including  recommended 
working  stresses  and  types  of  connection. 

A  glossary  of  technical  terms  and  a  very  complete  index  round 
out  the  volume. 

Naturally,  the  references  to  experiment  and  practice  concern  "old 
country"  shops,  and  one  or  two  features  such  as  the  use  of  a  two- 
number  indicator  to  describe  the  weld  instead  of  the  throat  thickness 
are  new  to  the  present  reviewer.  There  may  be  advantages  in  this 
nonenclature  and  no  doubt  those  actually  concerned  in  production, 
such  as  designers,  supervisors,  and  operators,  will  reach  their  own 
opinions  as  to  the  desirable  means  of  specifying  the  sizes  of  the  actual 
fillets.  In  the  method  used,  the  indication  8/10  means  that  a  No.  8 
electrode  of  the  standard  18-inch  length  would  deposit  10  inches  of 
run  which  is  equivalent  to  a  7/32-inch  fillet  using  the  throat  dimension 
as  is  present  common  practice  in  Canada.  Earlier  in  the  Report  men- 
tion is  made  of  the  fact  that  there  exists  an  optimum  length  of  run  for 
each  gauge  of  electrode  which  produces  the  best  general  economy  with 
the  greatest  ease  of  operation.  The  comfort  of  the  operator  is  stressed 
as  an  essential  feature  in  the  securing  of  high  class  welding  and  the 
supply  of  proper  equipment,  power  plant,  electrode  holders,  eye- 
shields,  etc.,  is  referred  to  as  only  reasonable  if  good  workmanship 
is  to  be  obtained. 

The  perusal  and  study  of  this  Report  is  cordially  recommended 
to  all  engineers  and  operators  closely  concerned  with  the  process  or 
with  the  acceptance  of  welding  and  the  Institution  of  Structural  En- 
gineers of  Great  Britain  are  certainly  to  be  congratulated  on  this 
production. 

Les  Reseaux  de  Transmission  d'Energie 

By  Jean  Fallou,  Librairie-Imprimerie  Gauthier-Villars,  Paris,  1936. 
dYi  by  10  inches,  558  -pages,  125  frs.  Paper. 

Reviewed  by  Dr.  A.  Frigon,  m.e.i.c* 

This  is  a  complete  and  elaborate  theoretical  treatment  of  the  most 
important  practical  problems  encountered  by  the  electrical  engineer 
specializing  in  the  design  and  operation  of  power  transmission  systems. 
The  author,  a  doctor  of  science  and  a  graduate  engineer  of  "L'Ecole 
Superieure  d'Electricit^,"  is  now  attached  as  consulting  engineer  to 
"L'Union  d'Electricit^."  He  is  familiar  with  recent  developments 
in  this  field  and  has  given  due  consideration  to  the  practice  followed 
on  this  side  of  the  Atlantic. 

The  book  has  been  divided  into  four  sections,  each  containing  all 
the  important  essential  principles  necessary  for  the  understanding  of 
the  particular  problems  involved.  The  first  part,  in  which  we  find  the 
general  theory  of  transmission  systems,  serves  as  an  introduction  to 
the  methodical  discussion  of  the  various  systems  of  transmission  now 
in  use.    Their  regulation  and  stability  are  also  considered  here. 

The  second  section  has  been  devoted  to  the  study  of  overloads. 
After  having  developed  a  method  for  the  calculation  of  short  circuit 
currents,  the  author  reviews  the  troubles  caused  by  overloads;  abnor- 
mal heating,  surges  and  excess-voltage  induced  in  telephone  com- 
munication lines.  Special  attention  is  given  to  the  means  available  for 
limiting  overloads.  The  different  methods  of  grounding  the  neutral 
point  are  also  analysed.  The  last  chapter  in  this  section  discusses 
modern  automatic  instruments  used  for  limiting  and  recording  short 
circuits. 


'Dean,  Ecole  Polylechnique,  Montreal. 


The  third  part  contains  the  general  theory  of  transient  and 
normal  conditions  which  produce  excess-voltage.  The  author  lays  down 
a  number  of  formulae  frequently  used  for  the  calculation  of  transient 
phenomena  and  indicates  the  characteristic  magnitudes  which  must 
be  assigned  to  the  different  parts  of  a  transmission  system  in  order 
that  they  may  be  assimilated  to  simple  circuits.  Several  causes  of 
over  voltage,  such  as  resonances,  ground  surges,  switch  manipulation, 
etc.  are  analysed.  A  special  chapter  describes  the  registering  of  excess- 
voltage  by  the  klydonograph. 

The  fourth  part  treats  of  protective  systems  from  a  theoretical 
viewpoint.  A  description  of  numerous  up-to-date  devices  is  also 
included. 

I  As  a  whole  this  is  an  excellent  reference  book,  well  printed  and 
profusely  illustrated  with  diagrams.  The  reviewer  finds  it  difficult  to 
imderstand  why  the  author  has  not  considered  it  advisable  to  provide 
such  an  important  work  with  an  index. 

BULLETINS 

Vitrified  Clay  Products. — Three  booklets  have  been  received  from 
the  National  Sewer  Pipe  Company  Limited,  Toronto,  as  follows:  One 
8-page  booklet  containing  particulars  on  wall  coping;  another,  16-page 
booklet  dealing  with  clay  pipe,  outlining  the  effect  of  chemicals  on  this 
product,  its  uses,  and  methods  of  laying;  and  a  third  containing  16 
pages  on  flue  lining,  with  reasons  why  flue  lining  should  be  used,  with 
typical  applications,  standard  sizes  manufactured,  and  a  modern  chim- 
ney construction  by-law. 

Underfeed  Stoker. — A  16-page  booklet  received  from  the  Com- 
bustion Engineering  Company  Inc.,  New  York,  deals  with  the  new 
Type-E  centre-retort  underfeed  stoker.  Particulars  of  the  drive,  auto- 
matic control,  forced  draught  equipment,  and  details  of  construction 
are  given  as  well  as  sample  applications  to  various  types  of  boilers. 

Metal  Spray  Gun. — A  12-page  bulletin  issued  by  the  Metal  Spray 
Company,  Los  Angeles,  Calif.,  gives  particulars  regarding  specifications, 
and  application  of  metal  spraying. 

Piston  Pumps.— The  Worthington  Pump  and  Machinery  Corpora- 
tion, Harrison,  N.J.,  have  issued  a  4-page  leaflet  giving  details  of  their 
horizontal,  piston  pattern  pumps,  simplex  and  duplex  for  petroleum  oil 
refineries.  These  are  made  in  a  number  of  sizes,  capable  of  handling 
liquids  up  to  a  temperature  of  700  degrees  F. 

Aluminum  Foil. — A  4-page  folder  received  from  the  Alfol  Insulation 
Company  Inc.,  New  York,  outlines  the  use  and  advantages  of  aluminum 
foil  as  a  modern  fire-proof  insulation. 

Accumulators.— A  4-page  pamphlet  received  from  the  Seamless 
Steel  Equipment  Corporation,  New  York,  describes  the  advantages 
and  methods  of  operation  of  Hydraulfk  compressed  air  accumulators 
without  pistons  or  floats,  also  hydraulic  presses.  This  company  has 
recently  taken  over  the  representation  of  the  Hydraulik,  G.m.b.H.  of 
Duisburg,  Germany. 

Compressors. — A  4-page  leaflet  received  from  the  Canadian  Inger- 
soll  Rand  Company  Limited,  Montreal,  gives  particulars  of  the  XVH 
compressor  which  is  available  in  capacities  ranging  from  400  c.f.m. 
upward. 

The  Municipal  Diesel  Plant  of  the  City  of 
St.  Hyacinthe 

From  information  supplied  by 

Nicholas  Sauer, 
Diesel  plant.  City  Hall,  St.  Hyacinthe,  Que. 

In  the  spring  of  1933  the  question  of  building  a  municipal  power 
plant  for  the  city  of  St.  Hyacinthe  came  under  consideration,  as  the 
result  of  an  endeavour  to  secure  lower  power  rates  for  the  citizens. 

Under  the  direction  of  the  city  council,  a  detailed  study  of  the 
subject  was  made,  it  was  decided  to  install  Diesel  engines,  many  Diesel 
plants  on  the  North  American  continent  and  in  England  and  Germany 
were  inspected,  and  an  estimate  of  the  cost  of  an  undertaking  of  this 
nature  was  prepared. 

The  city  coimcil  recommended  that  a  bond  issue  for  $310,000  be 
arranged  for  the  establishment  of  a  Diesel  electric  plant  and  a  distribu- 
tion system  for  the  city,  and  requested  tenders  on  the  equipment 
required  in  accordance  with  the  city's  specifications. 

In  the  beginning  of  1934  a  contract  was  awarded  to  the  Montreal 
Locomotive  Works  Limited  for  four  600-h.p.  Diesel  engines,  to  be 
designed  by  Mcintosh  and  Seymour  Inc.  of  Auburn,  N.Y.,  the  contracts 
for  the  electrical  equipment  were  placed  with  the  Canadian  General 
Electric  Company  and  the  Canadian  Westinghouse  Company. 

Work  on  this  plant  was  commenced  in  April  1934,  and  operation 
started  on  November  30th  of  the  same  year,  power  being  supplied  for 
the  waterworks  and  the  city  street  lighting  system. 

The  new  plant  has  been  installed  in  space  already  available  in 
the  city  waterworks  building,  thereby  saving  the  cost  of  a  building 
and  greatly  reducing  the  cost  of  the  equipment  necessary  for  supplying 
cooling  water.  On  the  other  hand  there  is  a  certain  disadvantage  in 
that  the  plant  is  not  centrally  located  with  respect  to  the  load,  and 
the  limited  space  in  the  engine  room  imposed  some  restriction  regard- 
ing the  arrangement  of  the  engines  and  auxiliaries. 
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This  engine  room  is  59  feet  long  by  34  feet  wide,  20  feet  high  and 
contains  four  600-b.h.p.  Diesel  electric  units  and  auxiliaries,  with  pro- 
vision for  one  additional  unit. 

The  basement  contains  the  engine  sump-tanks,  oil-coolers,  air 
receivers,  water  pumps  and  fuel  oil  transfer  pumps. 

A  good  deal  of  consideration  was  given  to  the  construction  of 
the  engine  foundations.  The  sub-soil  is  clay,  and  in  order  to  isolate 
the  running  machinery  it  was  decided  to  place  a  2-inch  layer  of  cork 
below  each  foundation  block  in  the  sub-foundation,  the  foundation 
blocks  being  arranged  in  pairs,  each  pair  standing  on  a  separate  con- 
crete mat. 


Wi'M 


Diesel  Electric  Units,  St.  Hyacintiie. 

Each  engine  is  rated  at  600  b.h.p.  at  360  r.p.m.  The  eight  cylin- 
ders are  12J/^-inch  bore  and  18-inch  stroke.  The  engines  are  of  the 
4-cycle,  solid  injection,  vertical,  totally  enclosed  tjqje,  direct  connected 
to  a.c.  generators  and  exciters.  The  floor  space  for  each  engine  is  16 
feet  7}4  inches  by  8  feet  114  inches,  the  height  is  8  feet  1  inch. 

The  engines  are  equipped  with  Bosch  fuel  piunps  and  nozzles, 
and  are  regulated  by  means  of  a  Woodward  isochronous  governor. 

For  starting,  two  15  c.f.m.  350  pounds  pressiu-e  air  compressors, 
one  driven  by  a  73^  h.p.  motor  and  one  by  a  20  h.p.  gasoline-engine 
are  provided.  The  air  is  stored  at  350  pounds  pressure  in  four  air 
receivers.  The  20-h.p.  gasoline  generator  compressor  set  was  installed 
as  a  safety  measure,  the  generator  to  act  as  a  spare  exciter  and  other- 
wise to  be  connected  to  an  auxiliary  power  house  lighting  circuit. 

Each  engine  has  its  individual  oil  circulating  system,  which  is 
forced  feed  throughout.  The  oil  is  stored  in  a  300-gallon  overhead 
tank. 

The  cooling  water  for  the  engines  is  obtained  from  the  city  mains 
which  deliver  to  a  5,000-gallon  overhead  tank.  The  engines  are 
supplied  by  gravity  from  the  tank,  and  the  water  is  then  discharged 
to  an  underground  basin  of  the  city's  filtration  plant. 

To  prevent  excessively  cold  water  from  entering  the  engine  jackets, 
a  motor-driven  centrifugal  water  pump  with  a  capacity  of  150  gallons 
a  minute  was  installed  between  the  main  inlet  header  and  the  water 
outlet  of  the  engines  to  recirculate  part  of  the  warm  water  discharge. 
A  duplicate  pump  serves  as  a  standby.  The  recirculating  system  is 
automatically  controlled  by  a  thermostat  and  is  equipped  with  an 
alarm  to  guard  against  failure  of  the  water  supply. 

Suction  air  is  taken  from  outside  through  filters,  and  the  exhaust 
gases  pass  from  the  cylinders  into  a  water-cooled  manifold,  and  are 
then  led  to  a  silencer  located  outside  the  building  in  an  underground 
concrete  pit.  Each  engine  is  equipped  with  an  individual  air-filter  and 
silencer. 

Fuel  oil  is  delivered  to  the  plant  by  tank  cars  and  stored  outside 
in  a  30,000-gallon  steel  tank.  The  fuel  oil  used  at  the  plant  has  the 
following  characteristics: 

Specific  gravity  at  70  degrees  F 0.86  to  0.90 

Flashpoint  p.m 180  to  200 

Viscosity  (Saybolt  Universal)  at  100  degrees  F 35  to  40 

B.t.u.'s  per  pound  (gross) 19,500  min. 

No  provision  was  made  for  the  recovery  of  the  heat  in  the  cooling 
water  and  the  exhaust  gases,  due  to  the  fact  that  the  plant  was  designed 
to  be  operated  eventually  as  a  standby  for  a  hydro-electric  plant. 

The  Diesel  engines  are  directly  connected  to  four  500-kv.a.,  4,000- 
volt,  3-phase,  60-cycle,  360  r.p.m.  generators. 

The  direct-connected  exciters  are  9.5  kw.,  125-volt,  shunt  wound 
machines  and  the  switch  gear  necessary  for  the  control  of  the  alterna- 
tors, feeders  and  auxiliary  circuits  is  located  in  a  central  part  of  the 
building  adjacent  to  the  engine  room. 

Before  delivery,  tests  were  run  on  the  Diesel  generator  sets  in  the 
shops  of  the  Montreal  Locomotive  Works,  and  each  engine  was  ob- 
served for  twenty-four  hours  at  full  load,  two  hours  at  10  per  cent 
overload,  and  one  hour  each  both  at  ^i  load  and  ^2  load.    The  per- 


formance of  the  engines  was  equally  steady  at  all  loads.     The  fuel 
consumption  was  as  follows: 

Pounds  of  Fuel      Thermal  Efficiency 

per  b.h.p.  (b.h.p.  basis) 

B.h.p.  developed                          per  hour  gross  per  cent 

660  at  10  per  cent  overload                   0.382  34.3 

600  at  1/1  load                                       0.377  34.8 

450  at  H  load                                         0.375  35.0 


300  at  H  load 


0.406 


32.2 


The  fuel  used  had  an  average  calorific  value  of  19,430  B.t.u.  (gross) 
per  pound. 

BRANCH  NEWS 

Border  Cities  Branch 

C.  F.  Davison,  A.M.E.I.C,  Secretary-Treasurer. 
F.  J.  Ryder,  S.E.I.C.,  Branch  News  Editor. 

The  November  meeting  of  the  Branch  was  treated  to  a  lecture 
on  "Gasoline"  by  Mr.  J.  M.  Miller,  B.Sc,  a  graduate  of  the  University 
of  Michigan,  and  at  present  lubricating  engineer  with  the  Standard 
Oil  Company  of  Indiana. 

Gasoline 

Mr.  Miller  explained  that  there  were  two  fundamental  principles 
in  the  production  of  gasoline.  First,  the  separation  of  various  products 
contained  in  crude  oil,  and  second,  the  purification  of  these  products. 
Then  step  by  step  each  phase  of  the  work  was  explained  and  discussed. 

He  then  read  a  brief  technical  discussion  of  gasoline,  explaining 
that  the  automobile,  the  chief  user  of  gasoline,  is  a  chemical  factory 
on  wheels.  Its  principal  function  is  the  manufacture  of  energy;  enough 
of  which  is  stored  in  one  gallon  of  gasoline  to  drive  a  light  car  450 
miles,  if  efficiently  used.  The  creation  of  energy  is  brought  about 
by  the  union  of  the  oxygen  of  the  air  and  gasoline.  The  table  below 
gives  the  figures  of  this  generation  of  energy  in  an  average  engine : 


eet 


Going  In 

Coming  Out 

Gasoline 

6.25  pounds 

COj 

10    pounds 

87.00  cubic  f( 

H2O 

6.9      " 

0.83 

Air 

1,200  cubic  feet 

CO 

5.9      " 

80.00 

H, 

0.2      " 

40.00 

0, 

0.2      " 

2.00 

N, 

775.00 

Due  to  incomplete  combustion,  there  is  a  slight  shrinkage  in  the 
number  of  volumes  coming  out.  Also,  that  6.25  pounds  of  gasoline 
makes  6.9  pounds  of  water  in  an  average  engine  or  8.95  pounds  of  water 
with  perfect  combustion. 

The  item  of  greatest  importance  is  volatihty.  This  factor  governs 
— (1)  ease  of  starting,  (2)  uniformity  of  operation  (vapour  lock), 
(3)  ease  of  acceleration,  (4)  uniform  manifold  distribution  and  crank- 
case  dilution. 

Acceleration  is  a  difficult  property  of  the  fuel  to  ascertain.  It  is 
dependent  on  engine  design,  manifold  design,  temperature  and  car- 
bureter mixture.  Any  fuel  would  give  as  good  results  as  another  if 
the  above  factors  were  adjusted  or  allowed  for  when  using  a  particular 
fuel. 

The  problem  of  the  gas  man  is  to  improve  on  the  four  main  points 
mentioned  above.  The  automotive  designer  must  improve  his  fuel 
systems. 

A  few  statistics  in  connection  with  the  petroleum  industry,  show 
that  it  is  the  second  largest  in  the  United  States  (agriculture  being  the 
largest).  It  has  $26,000,000,000  capital,  employs  over  3,000,000  people, 
operates  over  150,000  miles  of  main  line  railroad  and  over  100,000 
miles  of  pipe  line,  the  longest  being  1,500  miles.  In  the  Detroit  area 
there  is  a  gasoline  station  for  every  125  cars. 

A  Steel  Mill  in  Russia 

Our  December  meeting  was  entertained  by  Mr.  M.  J.  Wohlgemuth, 
who  is  general  engineer  with  the  Westinghouse  Electric  and  Manu- 
facturing Company.  The  speaker  spent  nearly  three  years  (1930-33) 
in  Russia  in  conjunction  with  the  installation  of  steel  mill  equipment 
in  what  is  the  largest  steel  mill  in  Russia.  This  mill  was  located  at  a 
site  where  in  1929  there  were  no  people  living  within  a  25-mile  radius 
and  in  1932  there  were  over  150,000  people  at  the  site.  The  mill  is 
located  on  one  bank  of  a  river.  It  is  3  H  miles  long  and  ^  of  a  mile 
wide.  The  plant  was  originally  designed  for  the  production  of  1,000,000 
tons  per  year  which  was  altered  to  1,250,000  tons  per  year.  At  present, 
the  plant  is  producing  500,000  tons  per  year,  300,000  tons  being  in 
structural  shapes  and  the  balance  in  rails  and  merchant  quality.  The 
plant  has  four  large  coking  ovens  and  fifteen  one-himdred-and-fifty-ton 
open  hearth  furnaces.  Several  reels  of  moving  pictures  showing  the 
views  of  the  plant  and  scenes  taken  by  the  speaker  were  enjoyed. 

At  the  conclusion  of  the  pictures,  Mr.  Wohlgemuth  was  bombarded 
with  questions  on  conditions  in  Russia. 

All  food  was  rationed,  although  there  were  special  quotas  for  the 
specialists.  Russian  workers  are  ordered  from  one  job  to  another  the 
same  as  a  soldier  in  the  army.  In  this  instance,  Russian  labourers 
were  ordered  to  the  site  of  the  new  plant.  No  provisions  had  been 
made  for  housing  them  nor  had  any  of  the  usual  sanitary  provisions 
been  installed,  although  the  Russian  government  had  provided  special 
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accommodations  for  the  imported  help.  The  Russian  workers  over- 
came their  difficulties  by  digging  into  the  surrounding  hills  and  erecting 
long  rows  of  dugouts.  The  speaker  found  that  the  Russian  workers 
were  very  incompetent  but  quite  anxious  to  learn.  Practical  uni- 
versities have  been  established  in  all  such  undertakings  to  help  educate 
the  workers.  The  rate  of  pay  varies  from  $25  per  month  minimum  to 
$400  per  month  maximum.  However,  this  difference  is  partially  offset 
by  the  fact  that  different  classes  must  trade  at  certain  class  stores 
and  the  prices  of  goods  vary  accordingly.  There  is  a  good  deal  of 
propaganda  against  religion,  the  common  slogan  being  "Religion  is 
Opium  for  the  Soul."  However,  the  speaker  added  that  there  were 
still  groups  of  young  people  to  be  seen  in  the  churches. 

Calgary  Branch 

J.  Dow,  M.E.I.C.,  Secretary-Treasurer. 
H.  W.  Tooker,  A.M.E.l.C,  Branch  News  Editor. 

On  Monday,  January  14th,  1935,  over  fifty  members  of  the  Calgary 
Branch  and  their  friends  heard  Wm.  Storrie,  m.e.i.c,  of  Gore,  Nasmith 
and  Storrie,  consulting  engineers,  Toronto,  give  a  most  interesting 
illustrated  address  on  "Engineers  and  Public  Health." 
Engineers  and  Public  Health 

In  his  opening  remarks,  Mr.  Storrie  expressed  his  delight  in  being 
in  Calgary  again  and  meeting  old  friends,  he  also  expressed  satisfaction 
in  his  visit  to  the  Glenmore  dam. 

The  speaker  declared  that  imder  no  consideration  in  matters  of 
the  public  health  should  a  city  or  consulting  engineer  allow  a  city 
council  to  "run  him"  in  regard  to  technical  matters.  A  council  has 
every  right  to  interfere  in  matters  of  policy,  but  it  was  the  duty  of  the 
engineer  to  guide  the  council.  The  real  live  public  health  engineer 
affords  protection  to  the  public,  and  it  is  his  privilege  to  design,  con- 
struct and  control  all  schemes  designed  to  bring  about  conditions  which 
have  the  welfare  of  everyone  at  heart. 

Public  health  engineering  might  be  defined  as  the  art  of  directing 
the  forces  of  nature  in  the  direction  of  public  health  in  which  there  are 
large  fields. 

Purification  of  water  has  now  become  a  well  defined  art  from  which 
there  is  not  a  great  deal  to  learn,  but  there  is  a  great  deal  of  knowledge 
to  be  gained  regarding  sewage  disposal  which  is  now  in,  more  or  less, 
the  experimental  stage. 

Stating  that  typhoid  fever  is  the  index  of  the  nature  of  the  water 
supply,  chlorination  of  water  has  reduced  the  death  rate  by  this  disease 
almost  90  per  cent.  Mr.  Storrie  then  cited  several  projects  which  have 
caused  a  great  deal  of  experimenting  and  study.  Toronto  was  a  case 
in  point,  where  10  per  cent  more  chlorine  is  used  than  in  ordinary 
plants;  the  water  was  then  de-chlorided  before  use.  Comparisons  were 
also  made  between  Ottawa  and  Hull  plants.  In  1914  when  Ottawa  first 
used  chlorine  in  the  water  supply  there  were  only  twenty-eight  cases 
of  typhoid  fever,  as  against  Hull  with  two  hundred  cases  which  did  not 
use  chlorine,  though  the  two  cities  obtain  their  water  supply  from 
practically  the  same  point  in  the  Ottawa  river,  and  Ottawa  has  five 
times  the  population  of  Hull. 

Sewage  treatment  is  difficult,  the  speaker  said,  on  account  of  the 
continual  variation  of  the  sewage  to  be  treated. 

Mr.  Storrie  suggested  a  good  slogan  for  the  water-works  engineer; 
it  is  "To  know  your  sewage  before  designing  a  plant." 

The  address  was  illustrated  by  interesting  slides,  showing  water 
supply  plants  of  Toronto  and  Ottawa,  and  several  large  sewage  disposal 
plants  recently  constructed. 

Following  this,  a  short  discussion  took  place,  after  which  a  vote  of 
thanks  was  given  the  speaker  by  H.  J.  McLean,  a. m.e.i.c. 

At  the  meeting  of  the  Calgary  Branch  of  The  Institute  held  on 
.January  24th,  1935,  two  thirty-minute  addresses,  with  organized 
discussion,  were  presented. 

The  first,  by  H.  B.  Sherman,  a. m.e.i.c,  was  on  "Power  Distribu- 
tion in  Alberta"  and  was  illustrated  by  a  number  of  interesting  lantern 
slides,  and  the  second  by  J.  H.  Ross,  a. m.e.i.c,  was  on " The  Fundamen- 
tals of  Engineering  Education  and  Vocational  Training." 
Power  Distribution  in  Alberta 

Mr.  Sherman  described  the  ideal  power  distribution  system  as 
one  sufficiently  comprehensive  to  make  electricity  available  to  every 
resident  at  rates  which  would  permit  the  full  use  of  the  service  being 
made.  However,  owing  to  the  sparseness  of  the  population  in  some 
sections  of  Alberta  it  was  not  economically  feasible  to  extend  transmis- 
sion lines  to  them. 

Mr.  Sherman  then  went  on  to  describe  the  Calgary  Power  Com- 
pany's system  with  main  generating  stations  at  Kananaskis,  Horseshoe 
and  Ghost,  giving  the  main  load  centres,  transmission  voltages,  step 
down  transformer  stations,  and  details  of  the  distribution  system 
generally.  This  included  something  on  the  design  and  construction  of 
transmission  lines  and  a  few  of  the  main  causes  of  trouble. 

The  Fundamentals  of  Engineering  Education  and 
Vocational  Training 

Mr.  Ross  stated  that  the  three  phases  of  the  engineer's  education 
beyond  the  secondary  or  high  school  were  (a)  general  education,  (6) 
general  engineering  education  and  (c)  vocational  training.  Under  (a) 
was  included  all  those  studies  which  had  no  direct  application  to 
engineering,  in  (6)  were  included  those  studies  taken  by  all  students 


in  applied  science  and  engineering  courses  in  universities,  and  (c)  in- 
cluded all  work  or  studies  having  a  direct  application  to  the  particular 
branch  of  engineering  to  be  followed. 

The  speaker  then  gave  an  outline  of  what  was  being  done  now 
and  what  in  his  opinion  should  be  done  to  improve  the  present  training 
and  assist  the  engineer  in  placing  himself  in  his  proper  status  in  a 
civilization  based  largely  on  science.  He  further  outlined  the  qualities 
necessary  in  a  young  man  if  he  was  to  be  a  successful  engineer. 

Mr.  Ross  concluded  by  stating  that  "whether  a  man  was  a  civil, 
a  mechanical,  or  a  chemical  engineer  was  not  fundamentally  important 
so  long  as  his  basic  training  was  sound."  In  other  words,  an  engineer 
should  be  trained  as  an  engineer  and  specialization  should  be  the  same 
as  in  other  professions,  viz.  by  training  and  experience  after  graduation 
from  university. 

At  the  conclusion  of  the  meeting  a  hearty  vote  of  thanks  was 
given  both  speakers  by  P.  F.  Peele,  a. m.e.i.c 

Lethbridge  Branch 

E.  A.  Lawrence,  S.E.I.C.,  Secretary-Treasurer. 
J.  E.  Hawkins,  S.E.I.C.,  Branch  News  Editor. 

The  Lethbridge  Branch  of  The  Engineering  Institute  of  Canada 
held  its  first  meeting  of  1935  at  the  Marquis  hotel  on  January  12th, 
at  7.30  p.m.,  with  C.  S.  Donaldson,  a. m.e.i.c,  in  the  chair,  and  about 
forty  members  present. 

A  short  business  meeting  was  held,  during  which  the  annual 
report  was  presented  and  passed. 

A  motion  picture  film  dealing  with  the  metallurgical  plant  at 
Trail,  B.C.,  was  then  shown.  The  complete  operation  of  the  plant, 
from  the  preliminary  crushing  of  the  lead  zinc  ore,  through  to  the  final 
casting  of  the  lead  and  zinc,  and  the  recovery  of  the  silver  and  gold 
from  the  residue,  was  shown. 

Development  of  The  Turner  Valley  Oil  Fields 

R.  S.  Winter  then  introduced  the  guest  speaker  of  the  evening, 
S.  E.  Slipper,  chief  geologist  of  the  Canadian  Western  Natural  Gas  Co., 
who  spoke  on  "The  Development  of  The  Turner  Valley  Oil  Fields." 
He  outlined  the  history  of  Turner  Valley  from  the  time  of  the  Dingwell 
discovery  in  1913  down  to  the  present  time,  when  it  has  become  Canada's 
greatest  gas  and  petroleum  field. 

Turner  Valley,  situated  approximately  forty-five  miles  southwest 
of  Calgary  in  the  foothills  of  the  Rocky  Mountains,  is  a  longitudinal 
valley  lying  parallel  with  the  Rockies,  cut  laterally  by  the  north  and 
south  branches  of  Sheep  Creek.  It  is  classed  as  an  eroded  sandstone 
anticline;  leaving  the  valley  with  sandstone  ridges. 

It  was  in  1924  that  the  main  horizon  was  struck  in  the  limestone 
by  the  Royalite  No.  4.  Of  particular  interest  was  the  speaker's  descrip- 
tion of  the  geology  of  the  valley,  with  the  use  of  a  log  of  a  typical  well. 

Mr.  Shpper  pointed  out  that  the  oil  in  the  limestone  is  unique 
in  that  it  does  not  come  directly  from  the  wells  as  oil  but  comes  out  as 
gas  which  must  be  condensed.  This  is  done  by  means  of  separators  and 
absorption  plants.  The  use  of  absorption  plants  has  increased  the 
production  of  naphtha  per  unit  of  gas  considerably,  especially  with 
the  lower  pressures  now  prevailing. 

The  wells  were  not  closed  in  completely  from  1924  to  1932  and 
consequently  the  original  rock  pressure  is  not  know,  but  it  has  been 
estimated  from  observations  as  about  2,000  pounds  per  square  inch. 
The  first  closed  pressure  obtained  was  1,835  pounds  per  square  inch. 
The  great  waste  of  gas  from  1929  until  1932  amounted  to  about  500 
million  cubic  feet  daily,  having  a  heat  value  of  1,100  B.t.u.  The  field 
was  closed  in  1932,  and  restrictions  placed  on  this  waste.  In  this 
regard  the  speaker  mentioned  the  work  of  the  Conservation  Board, 
illustrating  his  remarks  with  a  number  of  contour  maps.  He  pointed 
out  that  a  drop  in  pressure  has  taken  place  in  certain  places  in  the 
valley  from  2,000  pounds  in  1924  to  900  pounds  in  1934. 

Mr.  Slipper  answered  a  number  of  questions;  Messrs.  Donaldson, 
J.  B.  deHart,  m.e.i.c,  and  Thrall  taking  part  in  the  discussion.  C.  S. 
Clendening,  a. m.e.i.c,  moved  a  vote  of  thanks  to  the  speaker. 

Mr.  Slipper's  talk  was  followed  with  a  film  on  the  development  of 
Turner  Valley,  showing  the  work  involved  in  bringing  a  well  into 
production.  The  processes  of  refining  and  distribution  of  the  gasoline 
concluded  this  interesting  subject. 

The  programme  was  followed  by  a  delightful  buffet  lunch. 

Democracy  at  the  Crossroads 

On  December  15th,  1934,  the  Branch  held  a  dinner  meeting  at 
the  Marquis  hotel,  Lethbridge,  taking  the  form  of  a  ladies  night.  The 
speaker,  Mr.  D.  H.  Elton,  K.C.,  addressed  the  meeting  upon  the 
subject : "Democracy  at  the  Crossroads."  Mr.  Elton  was  introduced  by 
C  S.  Donaldson,  a. m.e.i.c    Some  forty  members  and  guests  attended. 

The  speaker  stated  that  all  found  themselves  in  a  dilemma  to-day; 
nearly  everjdihing  was  at  a  standstill,  social,  business,  industrial  and 
even  educational  activities. 

One  did  not  know  whether  the  radical  left  or  the  reactionary  right 
was  the  road  to  follow  or  whether  both  could  be  avoided. 

He  outlined  many  of  the  causes  of  this  state  of  perplexity  and  the 
difficulties  confronting  governments  of  the  day.  In  his  opinion  there 
was  only  one  way  of  solving  these  difficulties,  and  that  was  through 
obedience  to  constituted  law  and  authority  by  increased  individual 
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responsibility,  the  shaking  off  of  indifferent  attitudes  and  the  assuming 
of  those  duties  which  the  fulfilment  of  citizenship  imposed. 

Mr.  Elton  then  observed  that  three  things  were  essential  to  good 
government;  things  the  individual  should  do,  namely,  to  vote  intel- 
ligently, to  vote  unselfishly,  to  vote  honestly.  He  closed  by  saying  that 
democracy  would  prosper  in  the  degree  in  which  it  knows  good  citizen- 
ship. 

Mr.  F.  A.  Rudd  thanked  the  speaker  on  behalf  of  the  Branch  for 
his  very  able  address  and  following  this,  bridge  was  played  for  the 
remainder  of  the  evening. 

London  Branch 

S.  G.  Johre,  A.M.E.I.C,  Secretary-Treasurer. 
J.  R.  Roslron,  A.M.E.I.C,  Branch  News  Editor. 

The  annual  dinner  meeting  of  the  Branch  was  held  on  January 
23rd,  1935,  at  the  Highland  Golf  Club  house,  the  retiring  chairman 
of  the  Branch,  Frank  C.  Ball,  a.m.e.i.c,  presiding. 

The  guest  speaker  of  the  evening  was  Professor  P.  H.  Hensel,  of 
the  department  of  business  administration  of  the  University  of  Western 
Ontario. 
Some  Relations  Between  Technical  and  Business  Training 

Professor  Hensel's  address  was  regarding  "Some  Relations  Between 
Technical  and  Business  Training,"  in  which  he  sketched  the  difference 
in  outlook  brought  by  training  in  the  business  world  and  in  schools 
of  technical  engineering. 

Much  of  the  progress  of  business  was  due  to  the  expansion  of 
engineering  knowledge. 

At  the  same  time  feats  of  engineering  had  brought  about  the 
large  industrial  plants  which  required  large  orders  to  keep  them  work- 
ing and  here  business  training  of  the  heads  of  industry  was  essential 
to  regulate  the  industry  so  that  the  demand  would  not  be  overstepped 
by  supply. 

Although  the  two  systems  of  training,  for  business  life  and  for 
engineering,  were  widely  separated,  there  was  an  interrelationship 
necessary  to  keep  stability  in  world  conditions. 

Because  of  the  variation  in  the  outlook  that  was  created  by  the 
two  schools  of  training,  the  successful  engineer  seldom  became  the 
executive  head  of  even  an  engineering  firm.  At  the  same  time  the 
old  school  business  executive  with  no  understanding  of  the  laws  of 
technology  was  unable  to  cope  with  the  intricate  mechanism  that 
business  had  become. 

The  two  departments  of  science  and  business  training  were  more 
nearly  associated  than  ever  before.  Even  those  with  technical  educa- 
tion were  finding  it  necessary  to  learn  the  laws  of  business  men  to 
acquire  the  technical  knowledge  of  an  engineer  to  properly  gauge 
business  expansion. 

A  vote  of  thanks  was  proposed  by  W.  C.  Miller,  m.e.i.c,  seconded 
by  J.  A.  Vance,  a.m.e.i.c,  and  imanimously  carried. 

The  evening  was  enlivened  by  cards  and  music  provided  by  Colonel 
Murray  Dillon  and  his  Vimy  Orchestra. 

About  sixty  members  and  guests  were  present. 

Montreal  Branch 

C.  K.  McLeod,  A.M.E.I.C,  Secretary-Treasurer. 

The  Montreal  Branch  Unemployment  Relief  Committee  wishes 
to  acknowledge,  with  thanks,  receipt  of  an  anonymous  subscription  for 
twenty  dollars. 

Machine  Gas  Cutting  in  Fabrication 

On  the  evening  of  January  7th,  1935,  the  members  of  the  Montreal 
Branch  were  the  guests  of  the  Montreal  Chapter  of  the  American 
Society  of  Metals  at  a  practical  demonstration  and  lecture  held  at  the 
Dominion  Bridge  Company  plant  at  Lachine. 

The  demonstrations  included  actual  production  work  on  oxy- 
acetylene  gas  cutting  machines  and  metal  spraying.  Mr.  R.  F.  Helm- 
kamp,  of  the  Air  Reduction  Sales  Company,  New  York,  later  gave  an 
illustrated  talk  on  machine  gas  cutting.  About  five  hundred  attended. 
Previous  to  the  meeting  a  dinner  was  held  at  the  Windsor  hotel  at  which 
F.  P.  Shearwood,  m.e.i.c,  the  President  of  The  Institute,  gave  a  short 
address. 

Annual  Meeting — Montreal  Branch 

The  annual  meeting  of  the  Montreal  Branch  was  held  on  January 
10th,  1935.  Dr.  A.  Frigon,  m.e.i.c,  the  chairman  of  the  Branch, 
presided.  J.  G.  Hall,  m.e.i.c,  chairman  of  the  Papers  and  Meetings 
committee,  spoke  on  the  work  of  his  committee  during  the  past  year, 
expressing  the  hope  that  members  would  continue  to  offer  suggestions 
with  regard  to  subjects  for  meetings,  new  activities,  etc. 

H.  G.  Thompson,  a.m.e.i.c,  read  the  report  of  the  scrutineers, 
advising  that  F.  S.  B.  Heward,  a.m.e.i.c,  had  been  elected  chairman, 
J.  B.  D'Aeth,  M.E.I.C,  vice-chairman,  and  R.  H.  Findlay,  m.e.i.c, 
B.  R.  Perry,  m.e.i.c,  and  J.  A.  Lalonde,  a.m.e.i.c,  members  of  the 
executive  for  the  year  1935. 

After  a  vote  of  thanks  to  the  outgoing  executive,  the  newly- 
elected  chairman  gave  a  short  talk  on  the  progress  of  engineering 
during  the  past  century. 

G.  McL.  Pitts,  a.m.e.i.c,  then  spoke  on  his  proposed  scheme  for 
the  consolidation  of  The  Engineering  Institute  and  the  various  profes- 


sional associations.  The  details  of  this  were  further  outlined  by  R.  F. 
Legget,  a.m.e.i.c  Due  to  the  late  hour  it  was  decided  to  call  a  special 
meeting  to  deal  with  the  discussion  of  tliis  subject. 

Refreshinents  were  served  at  the  close  of  the  meeting. 

Junior  Section  Annual  Meeting 

n.  J.  Leitch,  a.m.e.i.c,  presided  at  this  meeting  held  on  January 
14th,  1935.  The  Secretary  read  the  minutes  of  the  last  annual  meeting, 
and  a  report  of  activities  for  the  i)ast  year.  Mr.  D'Aeth,  vice-chairman 
of  the  Montreal  Branch,  then  spoke  briefly  on  ways  in  which  the  section 
could  be  of  assistance  to  The  Institute. 

The  elections  of  officers  resulted  as  follows:  E.  R.  Sinallhorn, 
a.m.e.i.c,  chairman,  L.  A  Ducha.stel,  Jr.E.i.c,  vice-chairman,  C.  E. 
Frost,  secretary,  and  the  committee  of  Messrs.  P.  Poitras,  A.  Shear- 
wood,  s.E.i.c,  J.  S.  Lochhead,  McGill  representative,  L.  P.  Cousineau, 
S.E.I. c  and  Felix  Racicot,  Ecole  Polytechnique  representatives,  H.  J. 
Leitch,  a.m.e.i.c,  and  C.  K.  McLeod,  a.m.e.i.c,  ex-officio. 

The  new  chairman,  Mr.  E.  R.  Smallhorn,  presided  at  the  discussion 
introduced  by  Mr.  P.  Poitras  on  "Codes  of  Ethics  for  Engineers." 
This  provided  a  lively  discussion  during  which  many  of  those  present 
expressed  their  views. 

At  the  close  of  the  meeting  refreshments  were  served. 

Noise  Limit  in  Communication 

Dr.  O.  E.  Buckley,  Director  of  Research  in  the  Bell  Telephone 
Laboratories,  New  York,  spoke  on  the  subject  of  noise  on  January 
17th,  1935. 

According  to  the  speaker  it  was  noise  more  than  sensitivity  that 
set  the  limits  of  hearing  and  serious  attempts  were  being  made  to  cut 
out  this  nuisance  at  its  source.  Radio  static,  telephonic  and  radio 
communication  were  also  discussed. 

Surveying  and  its  Relation  to  Property 
The  first  surveyor  to  receive  a  commission  as  such  in  Canada 
was  Jean  Bourdon,  in  1634,  stated  C.  C.  Lindsay,  a.m.e.i.c,  of  the 
firm  of  M.  D.  Barclay,  Inc.,  in  a  talk  before  the  Montreal  Branch  on 
January  24th,  1935.  The  speaker  gave  a  summary  of  the  laws  affecting 
real  property,  discussing  such  questions  as  land  titles  and  squatters' 
rights  and  the  rights  of  property  owners  to  what  was  above  and  below 
the  soil. 

Electrical  Section — Boulder  Dam  Transmission  Line 
On  January  25th,  1935,  Mr.  E.  W.  Titus,  chief  engineer  of  the 
Canada  Wire  and  Cable  Company,  spoke  on  the  manufacture  and  tests 
of  the  hollow  core  conductor  as  used  in  the  Boulder  dam  transmission 
line.  Slides  and  moving  pictures  illustrated  the  construction  of  the  dam 
and  line. 

Mr.  J.  L.  T.  Martin  was  in  the  chair. 

Junior  Section — Plant  Visit 

On  the  evening  of  Monday,  January  28th,  1935,  the  Junior  Section 
of  the  Branch  visited  the  Fire  Alarm  Control  Headquarters  of  the  city 
of  Montreal  on  Fletcher's  Field.  Fifty  members  attended  and  these 
were  divided  into  groups  and  conducted  over  the  building  by  members 
of  the  staff. 

This  visit  was  arranged  through  the  kindness  of  C.  J.  Desbaillets, 
M.E.I.C,  chief  engineer  of  the  Montreal  Water  Board. 
Special  Meeting — Montreal  Branch 

On  January  30th,  1935,  at  8.30  p.m.,  a  special  meeting  of  the 
Branch  was  held  in  The  Institute  hall  to  discuss  the  proposals  of  G. 
McL.  Pitts,  a.m.e.i.c,  for  the  consolidation  of  The  Institute  and  the 
provincial  professional  associations. 

R.  F.  Legget,  a.m.e.i.c,  outhned  the  proposal  stating  that  measures 
should  be  taken  along  the  lines  suggested,  at  once. 

F.  P.  Shearwood,  m.e.i.c.  President  of  The  Institute,  then  spoke 
giving  a  resume  of  his  views,  information  and  ideas  he  had  obtained 
from  his  visit  to  all  the  branches  of  The  Institute  throughout  Canada 
during  the  past  year.  In  his  opinion,  Mr.  Pitts  was  much  too  pessimistic 
of  the  outcome  of  negotiations  when  following  the  present  procedure  of 
Council. 

P.  L.  Pratley,  m.e.i.c,  who  was  unable  to  be  present,  had  prepared 
a  resume  of  Council's  activities  over  the  past  fifteen  years  in  endeavour- 
ing to  secure  imiformity  of  ideas  between  The  Institute  and  the  profes- 
sional associations  with  a  view  of  eventually  forming  a  Dominion  body. 
In  this  connection  The  Institute  had  taken  the  initiative  throughout. 
This  was  read  by  F.  Newell,  m.e.i.c,  for  Mr.  Pratley. 

J.  L.  Busfield,  m.e.i.c,  then  pointed  out  some  of  the  likely  stum- 
bling blocks  in  Mr.  Pitts'  scheme  and  proposed  an  alternative. 

This  led  to  considerable  discussion  after  which  a  motion  was 
carried  that  a  resolution  should  be  sent  to  the  coming  Annual  Meeting 
of  The  Institute  recommending  that  immediate  steps  be  taken  to 
approach  the  professional  associations  with  a  view  to  obtaining  a  co- 
ordination of  activities  of  the  two  bodies. 

F.  S.  B.  Heward,  a.m.e.i.c,  presided. 

Modern  Arc  Welding 

David  Boyd,  a.m.e.i.c,  assistant  works  manager  of  the  Dominion 
Bridge  Company,  Lachine,  discussed,  on  January  31st,  1935,  the 
properties  of  the  electric  arc,  electrodes,  weld  metal  and  outlined  fields 
of  application.  The  qualifications  and  training  for  operators  and 
inspectors  were  also  set  forth, 

H.  J.  Roast,  m.e.i.c,  acted  as  chairman. 
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Niagara  Peninsula  Branch 

P.  A.  Dewey,  A.M.E.I.C.,  Secretary-Treasurer. 
C.  G.  Moon,  A.M.E.I.C,  Branch  News  Editor. 

The  Branch  held  a  dinner  meeting  at  Thorold  on  January  22nd, 
1935,  gathering  at  the  new  plant  of  "Spun  Rock  Wools  Ltd."  and  later 
being  addressed  by  Mr.  C.  R.  Buss  on  the  subject  of  "Insulation." 

Plant  Visit 

The  plant,  which  is  a  new  industry  to  this  country,  is  quite  compact; 
containing  two  electric  furnaces  that  alternate  in  producing  the  fluffy 
material  which  is  now  being  used  for  house  and  other  forms  of  insula- 
tion. The  stone  is  obtained  locally  and  is  used  without  any  additional 
ingredient.  Although  the  process  appears  to  be  extremely  simple  yet 
a  great  many  experiments  had  first  to  be  made  in  order  to  achieve 
the  exact  furnace  temperatures,  lining  materials  and  speeds  whereby 
these  results  were  attained.  It  differs  from  previous  methods  in  that 
the  rock  is  electrically  smelted  and  the  wool  fibre  formation  is  effected 
by  means  of  a  rapidly  rotating  disc  instead  of  air  or  steam  blowing. 
The  result  is  a  fine  light  fibre  practically  free  from  any  impurities  or 
non-insulating  matter,  being  fire  and  insect  proof,  with  a  weight  of 
6  pounds  per  cubic  foot  and  a  conductivity  of  0.25.  It  is  shipped 
in  bulk  form  or  in  bats  and  rolls. 

An  evening  meeting  of  the  Branch  was  held  at  Thorold  on  February 
15th,  1935,  at  which  Mr.  J.  M.  Barclay,  vice-president  of  the  south- 
western branch  of  the  Amateur  Athletic  Union,  spoke  upon  the  subject 
of  games  as  an  aid  to  character  building. 

Children  are  particularly  helped  by  organized  games,  they  learn 
to  give  and  take,  to  be  fair,  to  develop  their  will  power  and  to  acquire 
balanced  power  and  judgment. 

When  the  children  absorb  true  principles  of  sport,  the  nations 
to  which  they  belong  become  great.  The  Greeks  and  Romans  were 
examples  of  nations  which  achieved  greatness  at  a  time  when  the 
chief  honours  were  showered  upon  athletes.  The  process  of  decay 
started  when  sport  became  subservient  to  the  flesh  pots.  "Waterloo 
was  won  upon  the  playing  fields  of  Eton,"  and  Britain  will  remain  in 
the  lead  so  long  as  she  lives  up  to  this  tradition. 

Chairman  W.  R.  Manock,  a.m.e.i.c,  conveyed  the  thanks  of  the 
meeting  to  the  speaker  and  then  brought  forward  a  discussion  upon 
the  merits  of  the  E.I.C.  Employment  service.  Several  suggestions 
were  advanced  for  possible  improvements  and  it  was  resolved  to  bring 
these  to  the  attention  of  the  General  Secretary  and  seek  his  advice. 

L.  P.  Rundle,  m.e.i.c,  then  gave  a  resume  of  the  activities  at  the 
annual  meeting  in  Toronto,  which  was  followed  with  close  attention 
by  those  of  the  members  who  were  unable  to  be  present  at  that  gather- 
ing. 

Ottawa  Branch 

F.  C.  C.  Lynch,  A.M.E.I.C,  Secretary-Treasurer. 
Annual  Branch  Meeting 

The  twenty-fifth  annual  meeting  of  the  Ottawa  Branch  of  The 
Engineering  Institute  of  Canada  was  held  at  the  rooms  of  the  Canadian 
Government  Motion  Picture  Bureau,  Sussex  and  John  streets,  on  the 
evening  of  January  10th,  1935.  About  sixty-seven  members  were 
present,  the  retiring  chairman,  A.  K.  Hay,  a.m.e.i.c,  presiding.  F.  C. 
C.  Lynch,  a.m.e.i.c.  Branch  secretary,  was  present  to  carry  out  the 
duties  of  that  position. 

The  chairman,  in  presenting  his  address,  reviewed  the  activities 
of  the  Branch  for  the  past  year,  and  paid  tribute  to  the  work  of  his 
immediate  predecessor.  Group  Captain  E.  W.  Stedman,  m.e.i.c.  Dur- 
ing the  year  the  attendance  at  the  luncheons  had  been  well  maintained, 
and  at  the  evening  meetings  had  been  beyond  expectations. 

The  chairman  referred  to  the  fact  that  all  branches  of  The  Institute 
had  received  suggestions  that  more  consideration  should  be  given  to 
the  younger  members.  This  matter  had  been  carefully  thought  over 
and  constructive  suggestions  on  this  point  would  be  welcomed  by  the 
management  committee.  More  written  contributions  or  papers  from 
younger  men  would  be  most  desirable  and  the  Proceedings  committee 
would  arrange  for  meetings  where  any  group  of  members  might  discuss 
some  particular  subject,  whether  of  general  interest  or  otherwise. 

The  secretary-treasurer's  report  revealed  that  the  finances  of  the 
Branch  were  in  good  condition  with  a  cash  balance  (including  bank 
balance,  cash  on  hand  and  Government  Bonds)  of  $1,669.54  and  total 
assets  of  $1,733.44.  Deaths,  resignations  and  members  removed  from 
the  roll,  resulted  in  a  decrease  in  membership  of  21,  the  total  now 
being  326  resident  and  59  non-resident  members.  The  death  was 
recorded  with  deep  regret  of  two  members:  S.  Bray,  m.e.i.c,  and  W.  C. 
Treanor,  a.m.e.i.c. 

The  secretary-treasurer's  report  also  recorded  that  in  accordance 
with  the  motion  passed  at  the  last  annual  meeting,  the  Branch  donated 
two  sets  of  draughting  instruments  to  the  Ottawa  Technical  School 
for  presentation  as  prizes  for  proficiency  in  draughting,  and  a  copy  of 
"Standard  Handbook  for  Electrical  Engineers"  to  the  Hull  Technical 
School  for  presentation  as  a  prize  to  a  student  in  the  Department  of 
Electricity.  John  McLeish,  m.e.i.c,  on  behalf  of  the  Branch,  personally 
presented  the  prizes  to  the  successful  students  at  the  annual  commence- 
ment exercises  of  the  Ottawa  Technical  School  on  December  7th  last. 


Twelve  luncheon  meetings  were  held  by  the  Branch,  five  evening 
meetings  including  the  annual  Branch  meeting,  and  one  afternoon  was 
devoted  to  a  visit  to  the  studios  and  transmitting  station  of  CRCO. 
The  average  attendance  at  the  luncheons  was  sixty-nine  and  at  the 
evening  meetings  sixty-two.  Some  suggestions  were  put  forward  in 
the  report  of  the  proceedings  committee  for  the  consideration  of  the 
incoming  executive  with  regard  to  luncheon  arrangements. 

The  aeronautic  section  held  eight  meetings  of  their  own  and  were 
also  extended  invitations  to  attend  eight  other  meetings  held  under 
other  auspices  in  which  subjects  of  direct  interest  to  them  were  pre- 
sented. With  this  section,  which  has  a  membership  of  ninety-five,  is 
incorporated  the  Ottawa  Section  of  the  Royal  Aeronautical  Society. 
It  receives  a  small  grant  from  the  Ottawa  Branch  of  The  Engineering 
Institute  of  Canada.  During  the  year  the  chairman  was  Group  Captain 
E.  W.  Stedman,  chief  aeronautical  engineer  of  the  Department  of 
National  Defence,  and  the  secretary  was  K.  F.  Tupper,  of  the  National 
Research  Council. 

The  reports  of  committees  presented,  after  the  chairman's  address 
and  the  secretary-treasurer's  report,  were : — 

Proceedings  committee  by  J.  H.  Parkin,  m.e.i.c 
Membership  committee  by  W.  F.  M.  Bryce,  a.m.e.i.c 
Unemployment  committee  by  G.  J.  Desbarats,  m.e.i.c 
Rooms  and  Library,  Branch  By-laws  and  Reception  committee 

by  J.  G.  Macphail,  m.e.i.c 
Advertising  committee  by  A.  V.  Gale,  a.m.e.i.c 
Aeronautic  section  by  E.  W.  Stedman,  m.e.i.c 
After  the  committee  reports  a  resolution  was  passed  to  the  effect 
that  the  policy  be  continued  for  the  school  year  of  1934-35  of  donating 
prizes  to  students  of  the  Ottawa  Technical  School  and  the  Ecole  Tech- 
nique de  Hull  for  proficiency.    A  resolution  was  passed  that  the  thanks 
of   the   Branch   be   conveyed  to   the   Ottawa   Journal,   the   Ottawa 
Citizen,   and  Le  Droit  for  the  publicity  given  to  proceedings  during 
the  year. 

Following  a  suggestion  by  C.  Klotz,  s.e.i.c,  that  greater  attention 
be  paid  to  new  members,  a  discussion  took  place  with  regard  to  how 
interest  amongst  these  new  members  could  be  encouraged.  Group 
Captain  Stedman  advised  the  meeting  of  the  procedure  followed 
by  societies  in  England  and  out  of  the  discussion  certain  suggestions 
were  put  forward  for  the  consideration  of  the  incoming  executive 
with  a  view  to  effecting  this  result. 

C.  M.  Pitts,  a.m.e.i.c,  reported  as  councillor  on  the  work  of  the 
Council,  the  main  item  of  which  during  the  past  year  was  the  work 
of  the  Development  Committee.  He  expressed  the  opinion  that  it 
was  most  important  to  The  Institute  that  the  matter  of  greater  co- 
operation between  our  Institute  and  other  engineering  bodies  should 
not  be  allowed  to  drop.  To  this  end  he  presented  a  resolution,  seconded 
by  John  Murphy,  m.e.i.c,  to  the  effect  that  the  Ottawa  Branch  go 
on  record  as  supporting  any  movement  towards  uniting  the  Professional 
Engineering  organizations  in  each  province  and  ultimately  throughout 
the  Dominion  of  Canada;  also  that  the  General  Secretary  of  The 
Institute  be  sent  a  copy  of  this  resolution  and  an  expression  of  support 
of  the  Ottawa  Branch  to  any  movement  along  this  line,  the  General 
Secretary  to  be  requested  to  present  such  communication  to  the  Annual 
Meeting  of  The  Institute  to  be  held  in  February  next.  After  some 
discussion  the  motion  was  carried. 

The  report  of  the  election  for  the  ensuing  1935-36  year  was  then 
announced. 

Mr.  Hay  then  introduced  Dr.  R.  W.  Boyle,  m.e.i.c,  the  chairman 
for  1935,  who  took  the  chair  and  expressed  his  thanks  for  the  honour 
which  had  been  conferred  upon  him  by  the  Ottawa  Branch.  After  a 
vote  of  thanks  had  been  moved  for  each  of  the  retiring  officers  of  the 
Branch,  the  annual  meeting  closed  with  the  showing  of  a  motion 
picture  "Flying  over  the  Empire"  secured  through  the  courtesy  of 
the  National  Council  of  Education,  after  which  refreshments  were 
served. 

High  Tension  Direct  Current  Transmission 
The  first  evening  meeting  of  the  new  1935  term  took  place  January 
24th  at  the  Auditorium  of  the  National  Research  Laboratories.  B.  G. 
Ballard,  b.Sc,  a.m.e.i.c,  of  the  National  Research  Council,  was  the 
speaker,  his  subject  being  "Some  Aspects  of  High  Tension  Direct 
Current  Power  Transmission."  Dr.  R.  W.  Boyle,  m.e.i.c,  newly  elected 
chairman  of  the  Branch,  presided. 

Of  all  the  methods  in  practical  use  for  the  transmission  of  power, 
stated  Mr.  Ballard,  electric  transmission  is  the  only  one  emplojang 
alternating  or  oscillating  forces.  The  reasons  for  its  adoption  are  well 
known.  It  would  not  be  impossible  to  transmit  mechanical  power  in 
a  similar  manner  using  alternating  impulses  but  the  fact  that  inertia 
effects  would  demand  larger  equipment  for  the  same  amount  of  power 
input  would  be  a  much  greater  disadvantage  relatively  in  alternatirg 
mechanical  transmission  than  in  alternating  electrical  transmission. 

In  alternating  current  transmission,  the  power  flow  in  any  one 
element  varies  from  zero  to  some  maximum  value  which,  of  course,  is 
somewhat  higher  than  the  net  effective  value.  This  factor  has  little 
importance  when  currents  are  considered  but  with  voltages  it  is  different. 
It  necessitates  that  the  system  insulation  must  be  capable  of  with- 
standing the  maximum  peak  voltages  encountered.  In  practice  it  is 
found  that  direct  current  effective  voltages  may  safely  be  as  much 
as  100  per  cent  higher  than  alternating  current  effective  voltages. 
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,\nother  apparent  advantage  in  direct  current  high  voltage  trans- 
mission is  that  corona  losses  are  less  than  with  alternating  currents. 
This  rediu^tion  may  be  as  much  as  50  per  cent  less  for  a  given  effective 
voltage  in  the  case  of  25  cycle  lines. 

Thury  developed  the  direct  current  system  in  Europe  and  in  one 
instance  built  a  line  over  100  miles  in  length,  operating  at  70,000  volts. 
The  system  operates  at  a  constant  current  rather  than  at  constant 
voltage,  and,  incidentally,  avoids  much  of  the  trouble  due  to  surges 
so  frequently  encountered  on  direct  current  systems  for  railroad  elec- 
trification. The  advantages  are:  higher  effective  voltages;  unity  power 
factor;  and  no  dielectric  losses.  The  disadvantages  are:  generating 
units  economically  too  small,  owing  to  limitations  imposed  by  com- 
mutators; generators  require  insulated  bases  and  couplings;  and  full 
load  line  copper  loss  at  all  times. 

These  handicaps  have  prevented  any  api)reciable  extension  of  the 
Thury  system. 

Recent  developments,  however,  have  renewed  activity  in  direct 
cm-rent  power  transmission.  Among  those  giving  most  promise  is  the 
vapour  discharge  tube.  With  this  it  is  hoped  to  rectify  alternating 
currents  at  high  voltages,  transmit  over  long  lines  bj'  direct  current, 
then  invert  through  other  vapour  discharge  tubes  to  alternating  current 
which  could  be  stepped  down  in  ordinary  transformers  to  usable  voltages. 

At  present,  currents  of  many  amperes  may  be  controlled  with 
tubes  little  larger  than  radio  tubes.  Moreover,  in  addition  to  rectify- 
ing, the  tubes  may  be  made  to  control  voltages  without  losses  and  to 
operate  as  circuit  breakers  with  either  instantaneous  or  time  delay 
overload  trips. 

At  this  point  the  speaker  demonstrated  the  use  of  such  tubes 
with  apparatus  specially  set  up  for  the  occasion.  He  also  referred  to 
advantages  and  disadvantages  of  the  vapour  discharge  tube  as  opposed 
to  the  high  vacuum  tube,  and  the  limitations  of  commutator  design 
which  prevented  rotating  direct  current  machines  from  operating  at 
voltages  much  higher  than  5,000.  There  are  possibilities  that  such 
limitations  may  be  met  in  a  practical  way  by  operating  the  machines 
in  a  vacuum. 

At  present  research  is  mainly  along  the  lines  of  overcoming  these 
limitations  and  of  minimizing  the  effects  of  surges  so  commonly  prevalent 
in  direct  current  systems. 

The  address  was  followed  by  a  period  of  discussion  after  which 
refreshments  were  served. 

Peterborough  Branch 

H.  R.  Sills,  Jr. E. I.e.,  Secretary. 
E.  J.  Dailies,  Jr.E.I.C,  Branch  News  Editor. 

Modern  Arc  Welding 

The  principles  and  practice  of  the  manual  art  of  arc  welding  was 
the  subject  of  an  address  by  Mr.  David  Boyd  of  the  engineering  staff 
of  the  Dominion  Bridge  Company,  Montreal,  to  this  Branch  at  the 
regular  monthly  meeting  on  Thursday,  January  10th,  1935. 

Engineers  of  to-day  have  developed  welding  by  the  use  of  oxy- 
acetylene  gas,  thermit  and  electricity  and  with  virtually  all  metals. 

As  is  generally  known,  arc  welding  has  displaced  riveting  in  many 
directions.  Its  application  in  the  manufacture  of  tanks,  hoppers  and 
also  in  general  shop  work,  in  the  fabrication  of  large  sized  pipe,  in 
replacing  steel  castings  and  especially  in  structural  iron  work,  covers  a 
wide  range  of  successful  adaptations.  Mr.  Boyd  rather  pointedly 
declared  that  some  designing  engineers  have  been  slow  to  recognize 
the  effectual  use  of  arc  welding  in  its  fuller  scope  of  replacing  riveting, 
and  cited  from  his  own  extensive  experience  examples  of  detail  work, 
particularly  in  joints,  in  which  welders  have  turned  out  more  perfect 
jobs. 

In  the  field  of  iron  pipes  of  larger  diameters  electric  welding  is 
supreme.  It  has  revolutionized  the  manufacture  of  high  pressure  vessels 
especially  in  the  petroleum  industry,  where  high  pressures  and  high 
temperatures  are  required  in  what  are  called  "cracking"  stills.  Danger 
of  leakage  of  petroleum  and  crude  oil  products  from  the  vessels  in 
which  they  are  reduced  has  been  eliminated  by  welding,  which  also 
has  permitted  the  use  of  heavier  plates  in  such  vessels,  thereby  paving 
the  way  for  higher  pressures  and  greater  heat. 

Welded  joints  behave  consistently  under  tests,  Mr.  Boyd  said, 
giving  a  uniform  performance  in  any  structure.  The  designing  of  welded 
joints  is  a  new  art  that  is  being  continuously  improved.  Mr.  Boyd's 
screen  slides  illustrated  much  of  his  subject  matter,  and  its  practical 
phases  were  thoroughly  appreciated  by  the  men  who  are  engaged  in 
this  work. 

There  was  an  exceptionally  good  attendance  ircludirg  n.enbers 
and  many  visiters  who  are  welders  from  the  local  factories,  and  others 
interested  in  welding.  A  vote  of  thanks  and  appreciation  of  Mr.  Boyd's 
very  interesting  address  was  tendered  by  O.  II.  Thompson,  m.e.i.c, 
of  Belleville. 

Saskatchewan  Branch 

S.  Young,  A. M.E.I.C,  Secretary-Treasurer. 

The  regular  monthly  meeting  of  the  Saskatchewan  Branch  of 
The  Engineering  Institute  of  Canada,  was  held  in  the  Saskatchewan 
hotel  on  Thursday  evening,  January  '24th,  1935,  at  7.45  p.m.,  being 
preceded  by  a  dinner.     The  total  attendance  was  twenty-five.     The 


guest  speaker  of  the  evening  was  William  Storrie,  m.e.i.c,  consulting 
engineer,  Toronto. 

Immediately  following  the  dinner  several  songs  were  contributed 
by  Mr.  Sam  Swayze. 

Dr.  P.  C.  Riley,  of  the  staff  of  the  General  Hospital,  spoke  for  a 
few  minutes  on  the  treatment  of  frozen  parts  of  the  body  by  the  mechan- 
ical application  of  positive  and  negative  atmospheric  pressures,  an 
entirely  new  method. 

The  Secretary  read  a  letter  from  R.  J.  Durley,  m.e.i.c,  advising 
of  the  election  of  H.  S.  Carpenter,  m.e.i.c  ,  as  a  life  member  of  The 
Institute  and  another  advising  of  the  temporary  continuation  of  the 
five  dollar  entrance  fee  for  the  grade  of  Junior  and  higher  classes, 
thus  eliminating  the  transfer  fee  when  transferring  from  Junior  to 
.\ssociate  or  from  Associate  to  Member. 

S.  R.  Muirhead,  a. m.e.i.c,  reported  for  the  Papers  committee, 
stating  that  arrangements  had  been  completed  to  have  E.  E.  Lord 
address  the  annual  meeting  in  March  on  his  experiences  in  engineering 
work  in  China. 

The  acting  chairman,  A.  P.  Linton,  a. m.e.i.c,  then  introduced  the 
guest  speaker,  William  Storrie,  m.e.i.c,  his  subject  being  the  "Engineer 
and  Public  Health." 

After  briefly  outlining  the  work  of  the  engineer  in  its  relation  to 
public  health,  Mr.  Storrie  proceeded  to  detail  the  activities  of  the 
engineer  in  respect  of  water  supply  and  sewage  disposal.  Following 
this  numerous  lantern  slides  were  shown  depicting  the  construction  of 
waterworks  and  sewage  disposal  plants  at  various  points,  particularly 
the  city  of  Toronto  where  Mr.  Storrie  was  engaged  as  consultant.  The 
address  was  provocative  of  considerable  discussion,  following  which  a 
hearty  vote  of  thanks  was  tendered  to  Mr.  Storrie  on  motion  of  D.  A.  R. 
McCannell,  m.e.i.c,  and  R.  H.  Murray,  a. m.e.i.c. 

Sault  Ste.  Marie  Branch 

H.  0.  Brown,  A. M.E.I.C,  Secretary-Treasurer. 

The  regular  monthly  meeting  of  the  Sault  Ste.  Marie  Branch  was 
held  at  the  Windsor  hotel  on  Wednesday,  January  23rd,  1935,  in  the 
form  of  a  dinner-meeting  with  Frank  Smallwood,  m.e.i.c,  the  new 
chairman,  in  the  chair. 

Twenty-six  sat  down  to  dinner  at  6.45  and  about  a  dozen  more 
came  later  for  the  business  meeting  and  address. 

After  the  business  of  the  evening  had  been  transacted  the  chairman 
called  on  0.  A.  Evans,  Jr. e. i.e.,  of  the  Sault  Branch,  to  address  the 
meeting  on  "Theory  and  Practice  of  Assaying." 

Mr.  Evans  is  assayer  for  the  Mines  Department  of  the  A.C.R.  and 
is,  therefore,  well  qualified  to  discuss  his  chosen  subject.  Samples  of 
typical  AJgoma  ores  which  are  sent  in  for  assaying  and  samples  of  assays 
in  various  stages  of  the  process  were  shown  throughout  the  paper. 

A  historical  outline  of  the  assaying  of  precious  metals  and  the 
development  through  the  ages  was  first  presented.  This  was  followed 
by  a  detailed  description  of  the  present  "dry  system''  of  assaying  of  gold 
and  silver  ores.  The  size  of  sample  used;  the  crushing;  and  flux  elements 
used  and  the  heating  and  segregation  of  "the  button"  were  all  explained 
very  thoroughly,  and  as  previously  mentioned  were  illustrated  with 
actual  working  samples. 

At  the  close  of  the  paper  various  questions  were  asked  and  ex- 
plained by  Mr.  Evans.  After  the  discussion  a  very  hearty  vote  of 
thanks  was  tendered  Mr.  Evans  by  the  members  and  friends  present. 

Mr.  Smallwood  then  spoke  briefly  and  solicited  the  support  of  the 
members  for  the  coming  year  by  their  attendance  and  help  on  the  various 
committees.  He  also  made  reference  to  the  prospects  for  new  members 
and  in  this  connection  the  membership  committee  would  appreciate 
having  members  submit  the  names  of  any  who  are  eligible  to  become 
members. 

Winnipeg  Branch 

E.  W.  M.  James,  A. M.E.I.C,  Secretary-Treasurer. 
E.  V.  Caton,  M.E.I.C,  Branch  News  Editor, 

A  meeting  of  the  Winnipeg  Branch  of  The  Engineering  Institute 
of  Canada  was  held  in  the  University  Buildings,  Broadway,  on  Thursday 
January  3rd,  1935. 

At  the  request  of  the  acting  chairman.  Professor  A.  E.  Macdonald, 
a. m.e.i.c,  introduced  the  speaker  of  the  evening.  Rev.  A.  E.  Kerr, 
pastor  of  Augustine  Church,  Winnipeg,  who  delivered  a  most  informative 
and  entertaining  address  under  the  title  "Personal  Impressions  of 
Russia." 

Mr.  Kerr  began  by  stating  that  he  laid  no  claim  to  being  an  author- 
ity on  Russia,  but  that  he  had  been  able  to  gratify  a  long-felt  wish  by 
visiting  Russia  in  the  summer  of  1934;  entering  by  way  of  Leningrad, 
visiting  Moscow  and  the  T'kraine,  and  leaving  by  way  of  Odessa.  He 
had  been  able  to  come  into  fairly  close  contact  with  the  people  of  Russia, 
other  than  officials,  and  had  therefore  been  able  to  gain  some  very 
interesting  sidelights  on  the  conditions  of  the  country. 

In  1928  the  Five  Year  Flan  was  launched,  with  the  remarkable 
result  that  at  the  end  of  the  first  five  years  heavy  industry  in  Russia 
had  been  doubled.  But  it  is  to  be  noted  that  in  spite  of  the  pressure  that 
was  brought  to  bear  upon  agriculture  and  with  the  advent  of  thousands 
of  tractors  and  modern  farm  implements,  at  the  end  of  the  Five  Year 
Flan  the  amount  of  livestock  in  the  country  had  been  reduced  to  50 
per  cent  of  what  it  had  been  in  1917.     The  reason  given  for  this  was 
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that  the  individual  farmers  failed  to  co-operate  with  the  government 
in  the  manner  and  to  the  extent  that  had  been  expected  of  them. 
Several  incidents  related  by  Mr.  Kerr  touching  on  the  treatment  of 
the  farmers  left  no  doubt  as  to  the  cause  of  such  lack  of  co-operation. 
At  the  close  of  his  address  Mr.  Kerr  very  kindly  answered  numerous 
questions  asked  by  the  members.  J.  W.  Porter,  m.e.i.c,  moved  a  hearty 
vote  of  thanks  to  the  speaker. 

A  special  meeting  of  the  Winnipeg  Branch  of  The  Engineering 
Institute  of  Canada  was  held  on  Friday,  January  25th,  1935. 

The  speaker  of  the  evening  was  William  Storrie,  m.e.i.c,  of  Messrs. 
Gore,  Nasmith  and  Storrie,  consulting  engineers,  Toronto,  who  gave 
an  extremely  interesting  address  on  water  supply  and  sewage  disposal, 
describing  installations  with  which  he  had  been  connected  in  Toronto 
and  other  eastern  cities;  also  in  Calgary.  The  address  was  illustrated 
by  lantern  slides. 

Mr.  Storrie  pointed  out  the  work  done  by  the  engineering  pro- 
fession in  preventative  medicine  and  in  the  improvement  and  protection 
of  public  health,  both  as  regards  to  supply  of  safe  drinking  water  and 
the  adequate  disposal  of  sewage.  His  discussion  of  the  difficulties  to 
be  met  in  different  installations  was  extremely  interesting  and  at  the 
close  of  his  talk  the  active  discussion  which  took  place  indicated  the 
interest  of  the  members  in  the  matter. 

A  hearty  vote  of  thanks  was  tendered  the  speaker  for  his  interesting 
address. 

Association  of  Professional  Engineers  of  the  Province 
of  Manitoba 

The  annual  meeting  of  the  Association  of  Professional  Engineers 
of  the  Province  of  Manitoba  was  held  in  the  Hudson's  Bay  dining  room 
on  Thursday,  January  17th,  1935. 

Previous  to  the  meeting  a  dinner  was  held. 

The  guest  speaker  of  the  evening  was  the  new  Chief  of  Police, 
Mr.  Geo.  Smith,  who  gave  an  interesting  address  on  police  matters. 

The  report  of  the  scrutineers  showed  that  134  valid  ballots  were 
received,  and  Messrs.  J.  N.  Finlayson,  m.e.i.c,  J.  W.  Sanger,  a.m.e.i.c, 
J.  A.  Meindl,  a.m.e.i.c,  and  G.  E.  Cole,  a.m.e.i.c,  were  elected  as  the 
new  Councillors  for  the  term  ending  January,  1937.  The  three  members 
of  Council  still  having  one  year  to  serve  are  Messrs.  E.  W.  M.  James, 
a.m.e.i.c,  a.  L.  Cavanagh,  a.m.e.i.c,  and  C.  S.  Landon. 

Following  the  report  of  the  scrutineers  Council  retired  from  the 
general  meeting  and  held  its  Organization  Meeting. 

The  report  of  Council  showed  that  the  membership  at  December 
31st,   1934,  stood  at  202. 

The  report  of  the  secretary  and  auditors  showed  very  satisfactory 
condition  of  the  finances ;  the  bonds  of  the  Association  having  a  par  value 
of  $10,100. 

Councd  appointed  J.  W.  Sanger,  a.m.e.i.c,  as  its  representative 
on  the  Committee  of  Eight  for  1935. 

The  As.sociation  and  Institute  Joint  Committee  on  Unemployment 
had  during  the  year  continued  the  very  valuable  work  commenced 
three  years  ago  and  had  been  successful  in  securing  work  for  a  number 
of  unemployed  engineers,  and  felt  that  as  a  result  of  their  negotiations 
the  reputation  of  the  engineering  profession  had  been  enhanced,  par- 
ticularly with  certain  departments  of  the  government. 

The  question  of  ways  and  means  of  more  active  co-operation 
between  the  two  organizations  in  Manitoba  was  thoroughly  discussed, 
following  which  the  incoming  Council  was  instructed  to  appoint  a 
committee  to  further  this  work. 

A  Committee  from  Council  reported  that  they  had  interviewed 
provincial  government  officials  as  regards  seeing  that  engineers  employed 
in  the  mining  industry  in  the  province  were  registered  members  of  the 
Association  where  their  work  came  within  the  meaning  of  the  Act. 

W.  M.  Scott,  M.E.I.C,  chairman  of  the  University  Scholarship 
Committee,  reported  that  the  annual  scholarship  of  the  Association 
granted  to  the  student  of  the  second  year  in  engineering  of  the  Univer- 
sity of  Manitoba  who  obtained  the  highest  aggregate  on  the  results  of 
the  first  and  second  years,  was  awarded  this  year  to  Mr.  Eliot  R.  Davis, 
of  Winnipeg. 

The  new  President,  Professor  J.  N.  Finlayson,  then  took  the  chair, 
and  in  a  few  well  chosen  remarks  closed  the  meeting. 

The  meeting  adjourned  at  11.40  p.m. 

The  McCharles  Prize,  1935 

Announcement  is  made  that  an  award  of  the  McCharles  Prize, 
instituted  by  the  University  of  Toronto,  will  shortly  be  considered. 
This  is  a  distinguished  prize  for  engineers,  inventors  and  scientific 
research  workers.  It  carries  not  only  a  very  high  honour  but  a  cash 
value  of  one  thousand  dollars. 

This  prize  was  established  in  connection  with  the  bequest  of  the 
late  Aeneas  McCharles  of  the  value  of  .S10,000  and  is  awarded  on  the 
following  terms  and  conditions  contained  in  the  bequest  and  authorized 
by  the  governors  of  the  University  of  Toronto,  namely,  that  the  interest 
therefrom  shall  be  given  from  time  to  time,  but  not  necessarily  every 
year,  like  the  Nobel  prizes  in  a  small  way: 

(1)  To  any  Canadian  from  one  end  of  the  country  to  the  other, 
and  whether  .student  or  not,  who  invents  or  discovers  any  new  and 
improved  process  for  the  treatment  of  (Canadian  ores  or  minerals 
of  any  kind,  after  such  process  has  been  proved  to  be  of  special 


merit  on  a  practical  scale;  (2)  or  for  any  important  discovery, 
invention  or  device  by  any  Canadian  that  will  lessen  the  dangers, 
and  loss  of  life  in  connection  with  the  use  of  electricity  in  supply- 
ing power  and  light;  (3)  or  for  any  marked  public  distinction 
achieved  by  any  Canadian  in  scientific  research  in  any  useful 
practical  line. 

The  term  "Canadian"  for  the  purpose  of  the  award  means 
any  person  Canadian  born  who  has  not  renounced  British  allegiance, 
and  for  the  purpose  of  the  award  in  the  first  of  the  three  cases 
provided  for  by  the  bequest,  domicile  in  Canada  is  an  essential 
condition. 

Every  candidate  for  the  prize  is  required  to  be  proposed  as 
such  in  writing  by  some  duly  qualified  person.  A  direct  application 
for  a  prize  will  not  be  considered. 

No  prize  will  be  awarded  for  any  discovery  or  invention  unless 
it  shall  have  been  proved  to  the  satisfaction  of  the  awarding  body 
to  possess  the  special  practical  merit  indicated  by  the  terms  and 
spirit  of  the  bequest. 

The  committee  of  award  announces  that  it  will  receive  nominations 
for  candidates  up  to  the  1st  April  next.  Nominations  may  be  made 
direct  to  Dean  C.  H.  Mitchell,  m.e.i.c,  chairman  of  the  committee,  at 
the  University  of  Toronto. 

Engineers  and  The  Empire 

The  novelist  and  the  poet  not  uncommonly  regard  their  outpour- 
ings, when  they  have  been  translated  into  type,  with  a  coldness  and 
even  an  aversion  that  the  layman  finds  astonishing.  It  is  not  surprising, 
therefore,  to  find  that  the  engineer,  while  he  may  pore  for  hours  over 
his  drawings  and  exercise  all  his  energies  in  seeing  that  construction  is 
carried  out  in  accordance  with  his  ideas,  is  by  no  means  always  willing 
to  set  down  what  he  has  done  on  paper  for  the  benefit  of  his  colleagues, 
still  less  to  expatiate  to  a  lay  public.  Moreover  he  has  not  been  too  well 
treated  by  the  historian  and,  with  almost  the  single  exception  of  Mr. 
Kipling,  the  novelist  has  also  neglected  that  romance  which,  in  the 
widest  sense  "brings  up  the  8.15."  It  was  therefore  fitting  that  the 
Royal  Empire  Society  should  have  devoted  their  meeting  in  London, 
on  January  15,  to  a  consideration  of  what  engineers  have  done  for  the 
Empire,  and  that  they  should  have  called  on  such  distinguished  rep- 
resentatives as  Mr.  Ralph  Freeman,  Mr.  Julian  Tritton,  Brigadier- 
General  Hammond  and  Colonel  Pollard-Lowsley  to  tell  them  some- 
thing about  their  work.  The  result  must  have  been  to  show  how  much 
such  structiu-es  as  the  Sydney  Harbour  Bridge,  the  Willingdon  Bridge 
at  Calcutta,  the  Hardinge  Bridge  over  the  Ganges,  and  the  Zambesi 
Bridge,  the  development  of  such  ports  as  those  at  Haifa,  the  construc- 
tion of  many  miles  of  railways  in  India,  Ceylon,  Malaya,  West  Africa 
and  Uganda  and,  perhaps  above  all,  the  lay-out  of  extensive  irrigation 
systems  in  more  than  one  of  the  King's  Overseas  Dominions,  have 
done  to  save  life,  and  both  materially  and  morally  to  raise  the  standard 
of  living.  To  illustrate  this  opinion,  only  one  quotation,  taken  from 
Colonel  Pollard-Lowsley's  address,  is  necessary.  In  India,  he  said, 
as  the  result  of  the  work  of  Briti.sh  engineers,  an  area  of  49,451  square 
miles  had  been  irrigated,  constituting  one  eighth  of  the  cultivated  area 
of  the  sub-continent. — Engineering. 

International  Housing  and  Town  Planning  Congress 

The  fourteenth  International  Housing  and  Town  Planning  Con- 
gress is  to  be  held  in  London,  England,  on  July  16th  to  20th,  1935. 
This  is  arranged  by  the  International  Federation  for  Housing  and  Town 
Planning,  25  Bedford  Row,  London,  W.C.I.  The  Congress  has  the 
support  of  the  British  Government,  the  Corporation  of  the  City  of 
London,  the  London  County  Council,  other  leading  municipalities  and 
the  national  associations  concerned  with  housing  and  town  planning. 

A  most  interesting  programme  of  meetings  and  inspection  trips 
has  been  arranged. 

Canadian  Institute  of  Mining  and  Metallurgy 

The  1935  Annual  Meeting  of  the  Canadian  Institute  of  Mining 
and  Metallurgy  is  to  be  held  at  Winnipeg,  Man.,  on  March  12th  to 
14th  next.  The  visitors  will  be  entertained  at  the  Eoyal  Alexandra 
hotel  in  Winnipeg  by  the  local  mining  group,  who  are  now  of  substantial 
numbers,  and  an  excursion  by  special  train  to  Flin  Flon  has  been 
arranged. 

The  first  annual  meeting  of  the  Canadian  Institute  held  in  Winnipeg 
was  in  1929,  when  the  mineral  industry  of  the  province  of  Manitoba 
was  just  beginning  to  be  firmly  established.  During  the  intervening 
six  years  one  of  the  world's  great  mines  has  been  put  into  operation 
at  Flin  Flon,  and  San  Antonio  and  other  gold  mines  have  become  a 
substantial  and  dependable  source  of  gold.  Thus  the  return  of  this 
important  annual  convention  to  Winnipeg  marks  the  definite  entry 
of  Manitoba  into  the  mining  history  of  the  Dominion. 

The  General  Motors  of  Canada  report  that  on  February  1st,  1935, 
tneir  Oshawa  plant  showed  an  increase  of  45  per  cent  over  the  number 
of  men  employed  on  the  same  date  of  1934.  At  the  Walkerville  engine 
plant  of  the  company,  employment  showed  a  gain  of  over  48  per  cent. 
The  McKinnon  Industries  unit  of  General  Motors,  at  St.  Catharines, 
producer  of  gears  and  electrical  units,  showed  an  increase  of  24  per 
cent.  The  total  number  of  direct  employees  on  the  payroll  of  General 
Motors  of  Canada  at  January  31st,  was  sixty-six  hundred. 
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Preliminary   Notice 

of  Applications  for  Admission  and  for  Transfer 


February  26th,  1935 

The  By-laws  provide  that  the  Council  of  The  Institute  shall 
approve,  classify  and  elect  candidates  to  membership  and  transfer 
from  one  grade  of  membership  to  a  higher. 

It  is  also  provided  that  there  shall  be  issued  to  all  corporate 
members  a  list  of  the  new  applicants  for  admission  and  for  transfer, 
containing  a  concise  statement  of  the  record  of  each  applicant  and 
the  names  of  his  references. 

In  order  that  the  Council  may  determine  justly  the  eligibility 
of  each  candidate,  every  member  is  asked  to  read  carefully  the  list 
submitted  herewith  and  to  report  promptly  to  the  Secretary  any  facts 
which  may  affect  the  classification  and  selection  of  any  of  the  candidates. 
In  cases  where  the  professional  career  of  an  applicant  is  known  to  any 
member,  such  member  is  specially  invited  to  make  a  definite  recom- 
mendation as  to  the  proper  classification  of  the  candidate.* 

If  to  your  knowledge  facts  exist  which  are  derogatory  to  the 
personal  reputation  of  any  applicant,  they  should  be  promptly  com- 
municated. 

Communications  relating  to  applicants  are  considered  by 
the  Council  as  strictly  confidential. 


The  Council  will  consider  the  applications  herein  described  in 
April,  1935. 

R.  J.  DuRLEY,  Secretary. 


•The  professional  requirements  are  as  follows. — 

A  Member  shall  be  at  least  thirty-five  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  twelve  years,  which  period  may  include 
apprenticeship  or  pupilage  in  a  qualified  engineer's  office,  or  a  term  of  instruction  in  a 
school  of  engineering  recognized  by  the  Council.  The  term  of  twelve  years  may,  at 
the  discretion  of  the  Council,  be  reduced  to  ten  years  in  the  case  of  a  candidate  for 
election  who  has  graduated  from  a  school  of  engineering  recognized  by  the  Council. 
In  every  case  the  candidate  shall  have  held  a  position  in  which  he  had  responsible 
charge  for  at  least  five  years  as  an  engineer  qualified  to  design,  direct  or  report  on 
engineering  projects.  The  occupancy  of  a  chair  as  a  professor  in  a  faculty  of  applied 
science  of  engineering,  after  the  candidate  has  attained  the  age  of  thirty  years,  shall 
be  considered  as  responsible  charge. 

An  Associate  Member  shall  be  at  least  twenty-seven  years  of  age,  and  shall  have 
been  engaged  in  some  branch  of  engineering  for  at  least  six  years,  which  period  may 
include  apprenticeship  or  pupilage  in  a  qualified  engineer's  office  or  a  term  of  instruction 
in  a  school  of  engineering  recognized  by  the  Council.  In  every  case  a  candidate  for 
election  shall  have  held  a  position  of  professional  responsibility,  in  charge  of  worlc  as 
principal  or  assistant,  for  at  least  two  years.  The  occupancy  of  a  chair  as  an  assistant 
professor  or  associate  professor  in  a  faculty  of  applied  science  of  engineering,  after  the 
candidate  has  attained  the  age  of  twenty-seven  years,  shall  be  considered  as  pro- 
fessional responsibility. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council  shall  be  required  to  pass  an  examination  before  a  board  of  examiners 
appointed  by  the  Council.  The  candidate  shall  be  examined  on  the  theory  and  practice 
of  engineering,  with  special  reference  to  the  branch  of  engineering  in  which  he  has  been 
engaged,  as  set  forth  in  Schedule  C  of  the  Rules  and  Regulations  relating  to  Examina- 
tions for  Admission.  He  must  also  pass  the  examinations  specified  in  Sections  9  and  10, 
if  not  already  passed,  or  else  present  evidence  satisfactory  to  the  examiners  that  he 
has  attained  an  equivalent  standard.  Any  or  all  of  these  examinations  may  be  waived 
at  the  discretion  of  the  Council  if  the  candidate  has  held  a  position  of  professional 
responsibility  for  five  or  more  years. 

A  Junior  shall  be  at  least  twenty-one  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  four  years.  'This  period  may  be  reduced  to 
one  year  at  the  discretion  of  the  Council  if  the  candidate  for  election  has  graduated 
from  a  school  of  engineering  recognized  by  the  Council.  He  shall  not  remain  in  the 
class  of  Junior  after  he  has  attained  the  age  of  thirty-three  years,  unless  in  the  opinion 
of  Council  special  circumstances  warrant  the  extension  of  this  age  limit. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council,  or  has  not  passed  the  examinations  of  the  third  year  in  such  a  course, 
shall  be  required  to  pass  an  examination  in  engineering  science  as  set  forth  in  Schedule  B 
of  the  Rules  and  Regulations  relating  to  Examinations  for  Admission.  He  must  also 
pass  the  examinations  specified  in  Section  10,  if  not  already  passed,  or  else  present 
evidence  satisfactory  to  the  examiners  that  he  has  attained  an  equivalent  standard. 

A  Student  shall  be  at  least  seventeen  years  of  age,  and  shall  present  a  certificate 
of  having  passed  an  examination  equivalent  to  the  final  examination  of  a  high  school, 
or  the  matriculation  of  an  arts  or  science  course  in  a  school  of  engineering  recognized 
by  the  Council. 

He  shall  either  be  pursuing  a  course  of  instruction  in  a  school  of  engineering 
recognized  by  the  Council,  in  which  case  he  shall  not  remain  in  the  class  of  Student  for 
more  than  two  years  after  graduation;  or  he  shall  be  receiving  a  practical  training  in 
the  profession,  in  which  case  he  shall  pass  an  examination  in  such  of  the  subjects  set 
forth  in  Schedule  A  of  the  Rules  and  Regulations  relating  to  Examinations  for  Ad- 
mission as  were  not  included  in  the  high  school  or  matriculation  examination  which 
he  has  already  passed;  he  shall  not  remain  in  the  class  of  Student  after  he  has  attained 
the  age  of  twenty-seven  years,  unless  in  the  opinion  of  Council  special  circumstances 
warrant  the  extension  of  this  age  limit. 

An  Affiliate  shall  be  one  who  is  not  an  engineer  by  profession  but  whose  pursuits, 
scientific  attainments  or  practical  experience  qualify  him  to  co-operate  with  engineers 
in  the  advancement  of  professional  knowledge. 


The  fact  that  candidates  give  the  names  of  certain  members  as  reference  does 
not  necessarily  mean  that  their  applications  are  endorsed  by  such  members. 


FOR  ADMISSION 

CHENEVERT— .JOSEPH  GEORGES,  of  5.5.')  Querbes  Ave  ,  Outremont,  Que., 
Born  at  Montreal,  March  19th,  1900;  Educ,  B.A.Sc,  C.E.,  Ecole  Polytechnique, 
Montreal,  1923;  From  1923  to  date,  with  Arthur  Surveyer  &  Company,  Coiisltg. 
Engrs.,  Montreal,  on  design  and  supervision  of  numerous  large  bldgs.,  filtration  plants, 
aqueducts  and  sewage  disposal  plants,  valuations,  studies  re  establishment  of  various 
plants,  investigations  and  reports,  also  expert  in  court  cases,  etc.,  and  at  present  con- 
sltg.  engr.  with  above  company. 

References:  A.  Surveyer,  O.  O.  Lefebvre,  A.  Frigon,  J.  B  Cliallies,  E.  A.  Ryan, 
R.  P.  Raynsford,  H.  Massue,  E.  Nenniger. 

EWART— HENRY  EDWARD,  of  243  First  Ave.,  Ottawa,  Ont.,  Born  at  Ottawa. 
Ont.,  March  11th,  1878;  Educ,  Walton  and  Bridges  Private  School,  Ottawa,  1891-94. 
Matriculation;  1894-96,  architectural  dfting  and  practical  experience  under  D.  Ewart, 
chief  architect,  Dept.  Public  Works;  1890-99,  practical  experience  on  constrn.  of  Halifax 
Armories,  full  size  working  drawings,  templates,  erection  of  derricks  and  all  trades; 
1899-1902,  asst.  res.  architect,  Yukon  Territory;  1902-04,  private  practice  as  architect, 
Yukon  Territory;  1904-00,  Member,  Architectural  and  Engineering  Co.  of  Canada, 
in  charge  of  Winnipeg  Branch;  With  Royal  Mint,  Ottawa,  as  follows:  1906-08,  in 
charge  of  equipment;  1908-19,  second  technical  officer;  1919-24,  senior  technical 
officer;  1924-27,  engr.;  1927-31,  chief  technical  officer,  and  1931  to  date,  supt..  Royal 
Canadian  Mint,  Ottawa,  Ont. 

References:  J.  L.  Busfield,  K.  M.  Cameron,  L.  L.  Bolton,  J.  McLeish,  C.  M.  Pitts. 

GODSON— REGINALD  GILBERT,  of  28  Summerhill  Gardens,  Toronto,  Ont., 
Born  at  Pietermaritzburg,  Natal,  South  Africa,  May  7th,  1897;  Educ,  1910,  Sch.  of 
Military  Engrg.,  Chatham,  and  1921-24,  special  course  at  Cambridge  Univ.  (Peter- 
house  College)  and  School  of  Military  Engrg.,  Chatham;  1910-18,  Commn.  in  Royal 
Engrs.,  France;  1919-20,  Divnl.  Officer,  R.E.,  South  Palestine;  1920-21,  Divnl.  Officer, 
R.E.,  Helmich  and  Upper  Egypt;  1924-20,  Garrison  Engr.,  North  West  Frontier 
Province,  India;  1920-28,  half  pay  list — deafness  contracted  in  Great  War.  Retired 
1928;  1920-27,  designing  engr.,  Lachine,  1927-29,  designer,  city  office,  Dominion 
Bridge  Company;  1929-.34,  designing  engr.,  Robb  Engrg.  Works,  Amherst,  N.S. 
(Subs,  of  Dominion  Bridge  Company). 

References:  C.  R.  Young,  J.  M.  Oxley,  C.  S.  Kane,  J.  F.  F.  MacKenzie,  R.  C. 
Manning. 

HERBISON— WILLIAM,  of  167-8th  Avenue,  Lachine,  Que.,  Born  at  Clyde- 
bank, Scotland,  Jan.  9th,  1905;  Educ,  1919-25,  Royal  Technical  College  (Cert.); 
1926-27,  Struct'l.  design,  1933-34,  reinforced  concrete  design,  Montreal  Technical 
Institute;  1927-28,  1931-32,  struct'l.  design  course,  Dominion  Bridge  Co.;  Private 
tuition,  1935;  1919-21,  junior  dftsman.,  engine  dept.,  and  1921-26,  shop  ap'tice  in 
marine  engine  dept.,  including  assembling  and  testing  steam  and  Diesel  engines, 
John  Brown  &  Co.  Ltd.,  Engrs.  and  Shipbldrs.,  Clydebank,  Scotland;  1926  to  date, 
dftsman..  Dominion  Bridge  Company,  Lachine,  preparing  and  checking  details  for 
bldgs.,  rly.  and  highway  bridges,  swing  bridges,  turntables,  hydraulic  regulating 
gates,  boilers  and  pressure  vessels. 

References:  F.  P.  Shearwood,  F.  Newell,  D.  C.  Tennant,  A.  S.  Wall,  P.  Millar, 
A.  Peden,  V.  R.  Davies. 

HUGGINS— MARK  WILLIAM,  of  Dundas,  Ont.,  Born  at  Toronto,  Ont, 
March  19th,  1911;  Educ,  M.A.Sc,  Univ.  of  Toronto,  1933;  1930  (summer),  rodman, 
city  of  Toronto;  1931  (summer),  field  engr..  Consumer  Gas  Co.,  Toronto;  19S2-33, 
research  asst.,  Univ.  of  Toronto;  1933  to  date,  engr.,  E.  P.  Muntz  Ltd.,  Dundas,  Ont., 
largely  research  studies  and  tests. 

References:  E.  P.  Muntz,  C.  R.  Young,  G.  G.  Powell,  E.  H.  Darling,  F.  W.  Paulin. 

KEMP— CECIL  GEORGE,  of  2370  Melrose  Ave.,  Montreal,  Que.,  Born  at 
Dartford,  Kent,  England,  May  15th,  1897;  Educ,  1909-12,  Sydney  Technical  College. 
Awarded  N.S.W.  State  Gold  Medal  in  1912  for  highest  marks  in  machine  design; 
1913-17,  ap'ticeship  in  mech'l.  engrg.,  Wra.  Thornley  &  Sons,  Gen.  Engrs.,  Sydney- 
ham,  N.S.W. ;  1917-19,  on  active  service  with  A.I.F. ;  1919,  dftsman,  boiler  and  steam 
plant  layouts,  Babcock  &  Wilcox.  Sydney;  1919-20,  dftsman.,  elect'l.  branch,  N.S.W. 
Govt.  Railways  and  Tramways;  1920-21,  engrt;.  dftsman.,  mech'l.  and  struct'l.  details, 
cold  storage  work  and  abattoirs,  Frank  Coxon  &  .Son  (Consltg.  Engrs.),  .Sydney; 
1921-23,  designer  and  asst.  engr.,  Rosebery  Engine  Works,  Sydney;  1923-24,  engrg. 
dftsman.,  Australian  Gas  Co.,  Sydney;  1924  (May-Nov.),  private  practice  as  engr. 
to  Lysaghts  Wire  Works,  and  the  Star  Machy.  Co.,  mech'l.  and  struct'l.  design, 
bldgs.  and  machy.;  1924-26,  designer  and  engr..  Standard  Portland  Cement  Co., 
design  of  two  unit  cement  plant,  also  supervision  of  drawing  office  and  constrn.; 
1920-27,  chief  engr,,  .Scanland  Electric  Co.,  design  of  structures,  estimates,  etc.,  asst. 
to  man.  director,  Redfern,  N.S.W.;  1929,  engr.  and  estimator,  E.  G.  M.  Cape  Co., 
Montreal;  1929-32,  res.  engr.  and  constrn.  supt.,  Canada  Cement  Co.  Ltd.,  Montreal; 
1932,  appraiser,  General  Steel  Wares  Ltd.,  plant  and  machy.;  1932-34,  engr.,  D. 
Verochio,  excavators  and  contractors,  Montreal;  May  1934  to  date,  constrn.  supt. 
and  engr..  Consumers  Glass  Co.  Ltd.,  Montreal,  Que. 

References — S.  Barr,  K.  L.  MacMillan,  L.  B.  McCurdy,  F.  Kilbourn,  W.  G.  H. 
Cam. 

KERR— SAMUEL  LOGAN,  of  30  E.  Mt.  Pleasant  Ave.,  Philadelphia,  Pa., 
Born  at  Philadelphia,  July  15th,  1899;  Educ,  B.S.  in  M.E.,  1921,  M.E.,  1924,  Univ. 
of  Penn.;  1917  (summer),  dftsman.,  I.  P.  Morris  Co.;  1918-19,  with  U.S.  Army,  A.E.F. 
in  France;  1920  (summer),  asst.  in  charge  of  hydraulic  testing  lab.  I.  P.  Morris  Dept., 
Wm.  Cramp  &  Sons  Ship  and  Eng.  Bldg.  Co.,  Philadelphia;  1921-27,  with  I.  P.  Morris 
Dept.  of  above  company  as  follows:  1921-22,  research  asst.,  special  investigations  and 
lab.  testing  in  connection  with  hydraulic  turbine  manufacture.  Also  research  inves- 
tigation water  hammer  theory;  1921-24,  engrg.  investigations,  proposals  and  estimating 
work  on  hydraulic  turbines,  field  tests  and  investigations;  guarantees  and  acceptance 
tests  on  turbines,  including  Queenston  plant,  H.E.P.C.  of  Ont.,  CJreat  Falls  plant, 
Manitoba  Power  Co.,  Station  3C,  Niagara  Falls  Power  Co.,  etc;  1927-29,  asst.  chief 
engr.,  I.  P.  Morris  Corpn.,  responsible  charge  hydraulic  governor  design;  also  field 
engrg.  and  testing  completed  installns.  Developed  "Automatic  Operator"  for  speed 
and  load  control  in  hydro- electric  generating  plants;  1929-31,  research  engr.,  I.  P. 
Morris  &  DeLavergne  Inc.,  in  responsible  charge  of  research  and  experimental  labs, 
for  hydraulic  turbines,  pumps,  governors,  Diesel  engines  and  refrigerating  machy. 
Designed  and  constructed  hydraulic  turbine  and  governor  labs.  In  responsible  charge 
field  testing  all  products  and  field  service  and  constrn.  hydraulic  turbines  and  design 
of  hydraulic  governors.  Member,  N.E.L.A.  Committee  on  Hydraulic  Governors. 
Appointed  Capt.,  Specialist  Reserve,  Ordnance  Dept.,  U.S.A.;  1931  to  date,  research 
engr.,  I.  P.  Morris  Divn.,  Baldwin  Southwark  Corpn.,  Philadelphia.  Responsible 
charge  lab.  and  field  testing  hydraulic  turbines,  governors  and  water  works  equip- 
ment; also  design  hydraulic  governors  and  automatic  control  equipment.  Responsible 
charge  design  and  testing  automatic  water  works  valves.  Development  of  new  types 
and  applications.  Specializing  in  ana  yses  and  solution  of  water  hammer  problems 
in  water  works  systems.  Chairman,  A.S.M.E.  Committee  on  Water  Hammer;  Mem- 
ber, A.S.M.E.,  Member,  A.S.C.E. 

References:  J.  A.  Aeberli,  R.  W.  Angus,  T.  H.  Hogg,  H.  G.  Acres,  J.  J.  Traill, 
H.  S.  Van  Patter,  C.  E.  Herd,  C.  W.  Larner,  W.  S.  Pardee. 
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LAPLANTE— RENE,  of  Montreal,  Que.,  Born  at  Valleyfield,  Que.,  June  13th, 
1904;  Educ,  B.A.Sc,  C.E.,  Ecole  Polyterhnique,  Montreal,  1929.  1929-30,  elect'l. 
engrg.,  Mass.  Inst.  Tech.;  1925,  Dominion  Geodetic  surveying;  1926,  Dominion 
Topographic  surveying;  1928,  reinforced  concrete  design,  Baulne  and  Leonard;  1929, 
Quebec  Streams  Commn.,  asst.  engr.,  supervision  of  dam  eonstrn.;  1930-33,  .Shawinigan 
Water  &  Power  Co.,  distribution  system  (operation  and  design),  transmission  lines 
(mtce.),  meter  dept.,  Shawinigan  Falls  power  house  (operating  and  testing);  1933-.34, 
Shawinigan  Chemicals  Ltd.,  carbide  lab.  (research  and  design);  1934  to  date,  Shawin- 
igan Water  &  Power  Co.,  Montreal,  asst.  engr..  electric  rate  making. 

References:  O.  O.  Lefebvre,  A.  Frigon,  H.  Massue,  P.  S.  Gregory,  R.  H.  Mather. 

MEALS— CASPER  DULL,  of  233  Hillcrest  Ave.,  Hamilton,  Ont..  Born  at 
Harrisburg,  Pa.,  April  15th,  1891;  Educ,  Drexel  Institute,  Philadelphia,  1918-19. 
Private  tuition  maths.,  mechanics,  strength  of  materials,  machine  design  and  struct'l. 
engrg.,  1910-17;  1911-19,  dftsman.,  1919-22,  asst.  engr.,  Joim  A.  Roeblings  Sons  Co., 
Trenton,  N.J.;  1923-24,  struct'l.  dftsman.,  Betlilehem  Steel  Co.;  1922-23,  chief  engr., 
Wilcox,  Crittenden  &  Co.,  Middleton,  Conn.;  1924-25,  sales  engr.,  in  Wilkes-Barre, 
Pa.  and  Pen-.ia.  and  W.Va.  coal  fields,  1926-27,  asst.  chief  engr..  New  York  office, 
and  1927-.30,  chief  engr.,  American  Cable  Co.;  1930,  chief  engr  ,  New  York  Cordage 
&  Cable  Co.;  1930-31,  president  and  gen.  mgr..  Wire  Rope  Corpn.  of  America,  New 
Haven,  Conn.;  1931  to/date,  wire  rope  engr.,  B.  Greening  Wire  Co.  Ltd.,  Hamilton, 
Ont. 

References:  E.  G.  MacKay,  W.  Hollingworth,  P.  L.  Pratley,  C.  N.  Monsarrat, 
F.  Newell,  R.  S.  Eadie. 

LEECH— JACK  HAROLD,  of  087  Gouin  Boulevard,  Montreal,  Que.,  Born  at 
Weston-super-Mare,  England,  Jan.  11th,  1895;  Educ,  1902-10,  Westujount  Academy, 
Westmour.t,  Que.;  1911-13,  C.P.R.,  chainman,  rodman,  some  instrument  work  on 
location  and  prelim,  surveys;  1913-28,  with  Cedars  Rapids  Mfg.  &  Power  Co.,  1913-15, 
rodman  and  instr'man.  on  gen.  eonstrn.  work,  and  1915  to  1928,  looking  after  dredging 
operations  and  gen.  eonstrn.  work.  Making  plans  for  castings  of  all  repair  parts  for 
dredges, drill  boatand  tugs.  River  studies  under  ice  conditions;  1928-.30,  with  Montreal 
Ulird  Power  Co.;  1928-29,  looking  after  all  eonstrn.  work  of  power  house  and  dams 
at  St.  Vincent  de  Paul,  also  sewer  pumping  stations,  etc.,  and  1929-30,  charge  of  all 
surveys  in  connection  with  flooding  claims,  also  making  of  plans  of  properties.  Study 
of  i(e  conditions  and  flows,  etc;  1930,  Montreal  Light,  Heat  &  Power  Co  ,  charge 
of  eonstrn.  of  concrete  foundations  for  river  crossings  at  St.  Timothec  and  Lasalle. 
Cedflrs-Atwater  transmission  line.  Charge  of  all  damage  settlements  also  right-of-way 
settlements;  1930-32,  Montreal  Islai  d  Power  Co.,  all  survey  work  in  connection  with 
damage  claims  and  looking  after  cases  in  court;  1932  (Aug. -Nov.),  Montreal  Light, 
Heat  &  Power  Co  ,  charge  of  eonstrn.  of  concrete  foundations  Turcot  Yard  trans- 
mission line  crossing;  19,32  to  date,  asst.  to  res.  engr.,  Montreal  Island  Power  Com- 
pany, Montreal,  Que. 

References:  G.  P.  Hawley,  R.  N.  Coke,  L.  L.  O'Sullivan,  H.  Milliken,  J.  F. 
Roberts,  W.  S.  Lea. 

SUITOR— WARREN  DOUGLAS,  of  332-6th  Ave.  N.E.,  Calgarv,  Alta.,  Born 
at  Calgary,  Jan.  15th,  1908;  Educ,  B.Sc  (E.E.),  Univ.  of  Alta.,  1934;  Summers 
1930  and  1933,  and  May  1934  to  date,  engrg.  dept..  Imperial  Oil  Refineries  Ltd., 
Calgary.  Alta. 

References:  R.  S.  L.  Wilson,  H.  R.  Webb,  J.  J.  Hanna,  J.  Dow. 

WINDSOR— MAURICE,  of  Ottawa,  Ont.,  Born  at  Banbury,  Oxon.,  England. 
June  30th,  1885;  Educ,  1900-03,  University  College,  London,  England;  1904-06, 
shops.  The  Thomas  Iron  Works  &  Shipbldg.  Co.,  Greenwich  and  Blackwall,  England; 
1906-07,  shops,  Hadfields  Steel  Foundry  Co.,  Sheffield,  England;  1908-12,  engrg.  staff 
and  drawing  office.  The  Daimler  Motor  Co.,  Coventry,  England;  1912-1.3,  inspection 
branch.  Royal  Army  Service  Corps.,  Aldershot;  1914-19,  .\eronautical  Inspection 
Dept.,  and  Royal  Flying  Corps;  1919-22,  engr.  in  charge  of  drawing  office  and  inspec- 
tion dept..  Aircraft  Mfg.  Co.  Ltd.,  London;  1922-24,  Birmingham  Small  Arms  Co. 
Ltd.,  England.  Foreign  representative  for  B.S.A.  Guns  Ltd.,  B.S..\.  Tool  Ltd.,  The 
Daimler  Co.  Ltd.,  W.  Jessop  &  Sons,  Sheffield;  1925  to  date,  Canadian  manager  and 
engr.  in  charge  of  aero  engines  and  aircraft,  at  Ottawa  works,  for  .\rmstrong  .Siddeley 
Motors  Ltd.,  Ottawa. 

References:  C.  Camsell,  E.  W.  Stedman,  J.  H.  Parkin,  S.  G.  Tackaberry,  W.  R. 
Kenny. 

FOR  TRANSFER  FROM  THE  CLASS  OF  ASSOCIATE  MEMBER  TO  THAT 
OF  MEMBER 

HOOVER— OWEN  HUGO,  of  14n-4A  St„  N.W.,  Calgary,  Alta.,  Born  at 
Port  Hoover,  Ont.,  Mar.  17th,  1888;  Educ,  B.A.Sc,  Univ.  of  Toronto,  1912;  1909 
(summer),  prospecting  and  assisting  in  mine  surveying  at  Cobalt  and  Welcome  Lake, 
Ontario;  1910-11,  dftsman.,  Can.  Nor.  Rly.,  Winnipeg;  1912-21,  with  Irrigation 
Branch,  Dept.  of  the  Interior,  Calgary,  1912-13,  asst.  field  engr.,  and  1913-21,  junior 
hydrometric  engr.,  in  charge  of  field  hydrometric  district  (except  for  overseas  service, 
1916-19);  1921-27,  divn.  hydrometric  engr..  Dominion  Water  Power  Br.,  Dept.  In- 
terior, Calgary;  1927-32,  divnl.  hydrometric  engr.,  and  1932  to  date,  engr.  in  charge. 
Dominion  Water  Power  and  Hydrometric  Bureau,  Dept.  Interior,  Calgary,  Alta. 
{A.M.  1921.) 

References:  J.  S.  Tempest.  S.  G.  Porter,  P.  J.  Jennings,  L.  C.  Charlesworth, 
P.  M.  Sauder,  C.  J.  McGavin. 

■  MILNE— WINFORD  GLADSTONE,  of  151  Deleware  Ave.,  Hamilton,  Ont., 
Born  at  Scarborough,  Ont.,  June  16th,  1877;. Educ,  1898-1902,  Sch.  of  Practical 
Science,  Univ.  of  Toronto;  1897  (summer),  electric  wiring,  Lindsay  Light  &  Power 
Co.;  1897-98,  wiring  motors,  etc.,  W.  H.  Johnston  Electric  Co.;  1904-08,  peat  fuel 
manufacture;  1909-10,  dfting.,  and  1910-19,  plant  engr.,  all  plant  and  erection  equip- 
ment, construction,  and  repairs,  also  elect'l.  equipment;  1919-31,  factory  manager, 
for  N.  Slater  Co.,  Hamilton,  Ont.,  also  in  charge  of  all  engrg.  work,  and  from  1931 
to  date,  gen.  mgr.  and  vice-president  of  this  company.     (A.M.  1919.) 

References:  F.  W.  Paulin,  R.  K.  Palmer,  P.  Ford-Smith,  W.  L.  McFauI,  W.  F. 
McLaren. 

PERRY— PHILIP  CARLETON,  of  2224  Cameron  St.,  Regina,  Sask.,  Born  at 
Fort  William,  Ont.,  July  27th,  1889;  Educ,  Private  tuition.  Passed  E.I.C.  Exams, 
under  Schedules  B  and  C  for  admission  as  A.M.  in  1920;  1906-10,  chainman,  rodman, 
and  inspr.,  G.T.P.  Rly.,  Fort  William,  Ont.;  1910-11,  topographer  and  levelman, 
Algoma  Central  Rly.;  191 1-14,  dftsman..  Fort  William,  1915-18,  rodman  and  instr'man., 
Edmonton,  and  1918-20,  res.  engr.,  Regina,  G.T:P.  Rly.;  1920  to  date,  divn.  engr., 
Can.  National  Rlys.,  Regina,  Sask.     {A.M.  1920.) 

References:  A.  M.  Macgillivray,  D.  A.  R.  McCannel,  L.  A.  Thornton,  A.  P. 
Linton,  H.  S.  Carpenter,  C.  J.  Mackenzie. 

FOR  TRANSFER  FROM  THE  CLASS  OF  JUNIOR 

BOWMAN— RONALD  ERASER  PATRICK,  of  Lethbridge,  Alta.,  Born  at 
Lethbridge,  March  17th,  1904;  Educ,  B.Sc.  (Civil),  Univ.  of  Alta.,  1928;  1920-25 
(summers),  rodman  and  chainman,  Lethbridge  Northern  Irrigation  Dist.,  New  West 
Irrigation  Dist.,  and  Dept.  Public  Works.  Alta.,  during  1925  doing  instrument  work; 
Summers  1926-27,  and  1928-30,  transitman,  and  1931  to  date,  roadmaster,  C.P.R., 
at  present  at  Lethbridge,  Alta.     (.S'(.  192<J,  Jr.  1930.) 

References:  R.  S.  L.  Wilson,  F.  W.  Alexander,  T.  Lees,  .L  M.  Campbell,  H.  R. 
Miles,  G.  N.  Houston. 

BREAKEY— JAMES,  of  Brentwood  Rd.,  Toronto,  Ont,  Born  at  Sheffield, 
England,  Sept.  19th,  1901;  Educ,  Associateship  in  Engrg.,  Sheffield  Univ.,  1921; 
1922,  student  in  erection  shops,  Brightside  Foundry  &  Engrg.  Co.,  Sheffield;  1923-25, 


college  ap'tiee,  at  Metropolitan  Vickers  Electrical  Co.  Ltd.,  Manchester,  England; 
192.5-27,  with  same  company  as  asst.  engr.,  on  erection  and  inspection  of  mech'l.  and 
elect'l.  apparatus,  and  on  design  of  power  plants;  1927-29,  sea-going  engr.  with  A. 
Holt  &  Co.,  Liverpool,  owners  of  the  Blue  Funnel  Line  (2nd  Engr's.  Board  of  Trade 
Cert.  (Marine);  1920,  dftsman.,  industrial  drawing  office,  Canadian  Vickers,  Mont- 
real; 1929  to  date,  editorial  dept.  of  technical  publications  of  the  MacLean  Publishing 
Co.,  being  editor  of  Modern  Power  &  Engineering  and  associate  editor  of  Canadian 
Machinery  and  Manufacturing  News.     (Jr.  1031.) 

References:  C.  B.  Hamilton,  Jr.,  R.  E.  Smythe,  M.  B.  Watson,  R.  Ramsay, 
G.  Agar. 

RIDGERS— ARTHUR  COURTNEY,  of  Rossland,  B.C.,  Born  at  South  Queens- 
ferry,  Scotland,  April  29th,  1901;  191(>-22,  H.M.  Dockyard  School,  Portsmouth, 
England,  and  Technical  Institute,  Portsmouth.  I.C.S.  Course  in  Civil  Engrg.,  1924. 
Elected  Struct'l.  Engr.,  .'^ssn.  of  Prof.  Engrs.  B.C.  by  Exam.,  Nov.  1934;  1916-22, 
aij'tice  in  eonstrn.  dept.,  H.M.  Dockyard,  Portsmouth;  1922-24,  asst.  engr.  at  Havant, 
England,  sewerage  works  eonstrn.;  1924-26,  detailer,  and  1926  to  date,  designing  dfts- 
man.. Consolidated  Mining  &  Smelting  Co.  of  Canada  Ltd.  Responsible  to  chief 
engr.  for  design  of  zinc  oxide  leaching  plant,  phosphate  fertilizer  bldg.,  reconstrn.  of 
zinc  melting  plant,  design  of  structure,  mercury  arc  rectifier  bldg.,  proposed  electro- 
lytic zinc  plant,  for  eastern  Canada,  design  of  all  structures  and  layout  of  plant  and 
equipment,  etc.     (Jr.  1929.) 

References:  H.  Vickers,  A.  B.  Ritchie,  A.  E.  Wright,  S.  C.  Montgomery,  C.  E. 
Marlatt. 

FOR  TRANSFER  FROM  THE  CLASS  OF  STUDENT 

BOWLES— WILLIAM  SHEDDEN,  of  Westmount,  Que.,  Born  at  Vancouver 
B.C.,  June  12th,  1906;  Educ,  B.Sc  (Civil),  MeGill  Univ.,  1930  1932-33,  grad.' 
studies,  McOillUniv.  leading  to  M.E.  degree  (not  yet  reed.);  1926-27  (summers),  chain- 
man  and  rodman,  C.P.R.;  1928  (2  mos.),  asst.  operator.  Cedar  Rapids  Power  plant; 
1929  (3  mos).  dftsman.,  Shawinigan  Engrg.  Co.,  Montreal;  June  1930  to  Nov.  1931, 
with  A.  F.  Byers  &  Co.,  as  manager  of  the  Lamella  Trussless  Roof  Co.,  sales,  design 
and  eonstrn.  of  Lamella  roofs.  .Supervision  during  eonstrn.  of  swimming  pool  roof 
at  Lucerne-in-Quebec.  Layout  engr.  during  eonstrn.  of  Foundry  for  Jenkins  Bros. 
at  Lachine.  Business  mgr.  at  Moncton,  N.B.,  during  eonstrn.  of  rink;  Sept.  1933  to 
date,  asst.  to  E.  F.  Tucker,  a.m.e.i.c.  Manager,  Canadian  Stebbins  Engrg.  &  Mfg. 
Co.  Ltd.,  estimating,  design  and  gen.  office  work.     (.S(.  1929.) 

References:  E.  F.  Tucker,  A.  F.  Byers,  E.  V.  Gage,  C.  H.  Tinim,  J.  A.  McCrory, 

E.  Brown,  B.  R.  Perry. 

M.^cDONALD- ARDEN  MORRIS,  of  Londonderry  Stn.,  N.S.,  Born  at  Truro 
N.S.,  .luly  8th,  1912;  Educ,  B.Sc.  (Meeh.),  N.S.  Tech.  Coll.,  1933;  1929  (summer), 
asst.  topographer,  C.N.R.,  Moncton;  May  1933  to  June  1934,  machinist  installn. 
and  mtce.  of  mining  machinery  for  Prof.  A.  E.  Flynn,  N.S.  Technical  College,  Halifax, 
N.S.     (,S'/.  1931.) 

References;  F.  R.  Faulkner,  H.  W.  McKlel,  F.  L.  West,  A.  S.  Gunn,  J.  B.  Hayes. 

OGILVY— JAMES  ANGUS,  of  3129  Peel  St.,  Montreal,  Que.,  Born  at  West- 
mount,  (Jue.,  June  7th,  1907;  Educ,  B.Sc.  (Mining),  McGill  Univ.,  19.30;  1926  (sum- 
mer), labourer  on  eonstrn.  of  Gatineau  mill;  1927  (sunmier),  rodman  and  temp,  instr'- 
man.. Dome  Mines  Ltd.;  1929  (summer),  machineman  and  slusher  operator,  Sullivan 
Mine,  Cons.  M.  and  S.  Co.  Ltd.,  Kimberley,  B.C.;  1928  (summer),  prospector,  Nipis- 
sing  Mining  Co.  Ltd.;  1930  (sunmier),  inspr.,  mech.  dept..  Aluminum  Co.  of  Canada, 
Arvida,  Que.;  With  Mclntyre  Porcupine  Mines  Ltd.,  as  follows:  19.30-31  (6  mos.), 
helper,  machineman;  1931  (Feb. -Apr),  engr.  in  charge  of  Birch  Lake  property  during 
diamond  drilling;  May  1931,  engr.  in  charge  of  party  examining  a  staked  area;  Aug. 
1931-Jan.  1932,  sampler;  1932  (Feb. -July),  engr.  in  charge  of  tests  on  rock  drills, 
keeping  cost  and  performance  records;  Aug.  1932  to  Jan.  1933  and  July  1933,  acting 
shiftboss;  19,33  (Feb.-JuneV  shiftboss;  Aug.  193.3-June  1934,  stope  boss;  19.34  (July- 
Nov.),  mine  supt.,  Thompson-Cadillac  Mining  Co.  Ltd.,  Amos,  Que.     (Si.  1926.) 

References:  A.  Stansfield,  A.  D.  Campbell,  R.  E.  Jamieson,  H.  Idsardi,  R.  F 
Ogllvy,  W.  L.  McFaul. 

PAMENTER— ARCHIBALD  FRANCIS,  of  14  .lames  St.,  Dartmouth,  N  S 
Born  at  Liverpool,  England,  Aug.  2nd,  1905;  Educ,  B.,Sc.  (C.E.),  N.S.  Tech  Coll 
1932.  N.S.L.S.,  1925;  With  HoUlngsworth  &  Whitney  Ltd.,  Bridgewater,  N.S.,  as 
follows:  1923  (3  mos),  chainman,  rodman  and  instr'man.,  1924-27,  instr'man  and 
land  surveyor;  1927-28,  N.S.  land  surveyor;  1929  (summer),  N.S.  land  surveyor  for 
N.S.  Power  Commn.  on  Mersey  hydro  line;  1930-31  (summers),  dftsman.,  Acadia 
Gas  Engrs.  Ltd.;  1932  (3  mos.),  N.S.  land  surveyor,  Scott  Paper  Co.  Ltd.,  Charleston, 
N.S.;  1932-33,  private  work  as  N.S.  land  surveyor;  1933  to  date,  in  testing  laboratory. 
Imperial  Oil  Co.  Ltd.,  Dartmouth,  N.S.     (St.  1931.) 

References:  F.  R.  Faulkner,  R.  L.  Dunsmore,  S.  Ball,  H.  W.  Mahon,  H.  S. 
Johnston,  C.  Scrymgeour. 

PETURSSON— FRANKLIN,  of  Kenora.  Ont..  Born  at  Foam  Lake,  .Sask., 
April  16th,  1906;  Educ,  B.Sc.  (C.E.),  Univ.  of  Man.  (Thesis  to  write  for  M.Sc.  degree); 
1927  (summer),  concrete  inspr..  Over  &  Munn,  Winnipeg;  1928  (summer),  concrete 
inspr.  for  C.N.R.  water  supply,  western  provinces;  1928-29,  demonstrator  in  engrg. 
dept.,  Univ.  of  Man.;  1929-30,  instr'man  on  location  and  eonstrn.,  C.N.R.,  western 
provinces;  With  Dept.  of  Northern  Development,  Kenora  District,  as  follows:  1930-31, 
engr.  in  charge  of  location  party,  Trans-Canada  highway;  1931-.34,  res.  and  divn. 
engr.  on  eonstrn.;  19.34  (5  mos.),  res.  engr.  in  charge  contract  work;  1934-35  (5  mos.), 
divn.  engr.  in  charge  of  contract  work;  Jan.  1935  to  date,  location  engr.     (Si.  1928  ) 

References:  J.  N.  Finlayson,  G.  H.  Herriot,  T.  C.  Main,  R.  R.  Moffatt,  A.  E 
MacDonald. 

RONEY— GERALD  VAN  LUVEN,  of  Montreal,  Que.,  Born  at  Kingston,  Ont , 
Sept.  4th,  1903;  Educ,  B..Sc.,  Queen's  Univ.,  1926;  1921-25  (summers),  chainman, 
rodman  and  instr'man.,  engrg.  service,  Canadian  National  Parks,  Banff;  1926  (sum- 
mer), struct'l.  detailer,  Canadian  Bridge  Co.,  Walkervllle,  Ont.;  1926-27,  senior  dfts- 
man., Pennsylvania  State  Highway  Dept.;  1927  (May-Oct.),  struct'l.  detailer,  Pitis- 
burgh-DesMolnes  .Steel  Co.,    Pittsburgh;    1927-28,    checker    and    later   squad    boss, 

F.  L.  Hughes  &  Co.,  Rochester,  N.Y.;  1928-29,  designing  dftsman.,  on  struct'l.  design, 
Chesapeake  and  Ohio  Rly.  Co.,  Richmond,  Va.;  1929-32,  checker  on  struct'l  details, 
Manitoba  Bridge  and  Iron  Works.  Transferred  to  Dominion  Bridge  Co.,  Winnipeg, 
In  same  capacity,  when  these  firms  amalgamated;  1934  (.\pr.-June),  dftsman.  on 
design  drawings  of  new  unit,  McColl  Frontenac  Oil  Co.,  Montreal:  Since  June  1934 
in  full  charge  of  engrg.  dept,  and  at  present  chief  engr.,  Farand  &  Delorme  Ltd.,  steel 
fabricators,  Montreal,  Que.      (.S(.  192.'t.) 

References:  J.  M.  Wardle,  W.  P.  Wilgar,  M.  .S.  Nelson,  B.  R.  Perry,  W.  L.  Mal- 
colm. 

SMITH— CARL  CLIFFORD,  of  187  Sanford  Ave  No.,  Hamilton,  Ont.,  Born 
at  Madoc,  Ont.,  June  25th,  1907;  Educ,  B.Sc,  Queen's  Univ.,  1932;  1929-30  (sum- 
mers), tests  and  transformer  design,  Candn.  Crocker  Wheeler  Co.;  With  Canadian 
Westlnghouse  Company,  Hamilton,  as  follows:  1932-33,  engr.  ap'tce  course,  dfting.. 
induction  motor  dept  ,  and  tests;  19,3,3-34,  power  house  installn..  In  charge  of  welding; 
June  1934  to  date,  induction  motor  design.      (St.  1928.) 

References:  H.  U.  Hart,  W.  F  McLaren,  D.  W.  Callander,  D.  M.  Jemmett, 
L.  T.  Rutledge. 

SMITH— WALTER  ALEXANDER,  of  222-3rd  Ave.  N.E.,  Calgarv,  Alta.,  Born 
at  Belfast,  Ireland,  June  30th,  1909;  Educ,  B.Sc.  (Civil),  Univ.  of  Alta.,  1933;  1929-32 
(summers),  and  1933  (7  mos.),  dftsman..  Industrial  .Securities  Ltd.,  Calgary,  rodman, 
city  engr's  office,  Calgary,  rodman,  C.N.R.  eonstrn.,  rodman.  National  Parks  of 
Canada,  Big  Bend  Highway;  1934  (6  mos),  instr'man..  National  Parks  of  Canada,  on 
eonstrn.  Lake  Louise-Jasper  Highway;  Since  Dec.  1934  employed  as  labourer  with 
Dominion  Bridge  Company,   Calgary.     (St.  1932.) 

References:  J.  R.  Wood,  R.  S.  L.  Wilson,  H.  R.  Webb,  J.  Dow. 
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EMPLOYMENT  SERVICE  BUREAU 

The  Service  is  operated  for  the  benefit  of  members  of  The  Engineering  Institute  of  Canada, 

and  for  industrial  and  other  organizations  employing  technically  trained  men — 

without  charge  to  either  party. 

All  correspondence  should  be  addressed  to 

The  Employment  Service  Bureau,  The  Engineering  Institute  of  Canada 

2050  Mansfield  Street,  Montreal 


Situations  Vacant 

CITY  ENGINEER 
A.  H.  Evans,  clerk,  will  receive  applications  for  the 
position  of  City  Engineer,  city  of  Port  Arthur,  up  to  5 
p.m.  Thursday,  March  21st,  1935.  Applications  to  state 
qualifications,  e-xperience,  etc.  and  to  be  in  sealed  enve- 
lopes marked  "Application  for  position  of  City 
Engineer." 

ELECTRICAL  DESIGNER,  experienced  in  the  design 
of  single  phase  fractional  horsepower  motors.  Also 
capable  of  taking  charge  of  motor  department.  Locar 
tion  western  Ontario.     Apply  to  Box  No.  1114-V. 

Situations  Wanted 

ESTABLISHED  SALES  ENGINEER.  Univ.  of  Toronto 
'24,  with  plant  and  manufacturing  experience,  wishes  to 
represent  manufacturers  of  technical  equipment.  Con- 
nections with  automobile  and  electrical  equipment 
dealers,  throughout  Canada.  Will  make  small  invest- 
ment if  necessary.     Apply  to  Box  No.  1-W. 

MECHANICAL  ENGINEER,  Canadian,  with  technica 
training  and  executive  experience  in  both  Canadian  and 
American  industries,  particularly  plant  layout,  equip- 
ment, planning  and  production  control  methods,  is 
open  for  employment  with  company  desirous  of  improv- 
ing manufacturing  methods,  loweringcosts  and  preparing 
for  business  expansion.     Apply  to  Box  No.  35-W. 

MECHANICAL  ENGINEER,  graduate  McGill  Univ. 
Experience  on  hydro-electric  power  construction  and 
design  and  installation  of  equipment  of  pulp  and  paper 
mills.  Desires  position  as  mechanical  engineer  in  an 
industrial  plant  or  pulp  and  paper  mill,  or  as  repre- 
sentative on  the  sale  of  heavy  machinery.  Apply  to 
Box  No.  142-W. 

PURCHASING  AGENT  Graduate  mechanical  engineer, 
Canadian,  married,  age  36,  with  fourteen  years  expe- 
rience in  industrial  field,  including  design,  construction 
and  operation,  eight  years  of  which  had  to  do  with  the 
development  of  specifications  and  ordering  of  equip- 
ment and  materials  for  plant  extensions  and  main- 
tenance; one  year  engaged  on  sale  of  surplus  construction 
equipment.  Full  details  on  request.  At  present  em- 
ployed.    Apply  to  Box  No.   161-W. 

SALES  ENGINEER,  b.e.i.c;  b.sc.  c.e.,  1930  (Univ. 
New  Bruns.),  p.e.n.b.  Age  28.  Experience  includes 
building  inspection,  structural  detailing,  road  construc- 
tion, and  chemical  operation.  Interested  in  sales  work 
on  the  sales  staff  of  some  manufacturing  or  wholesale 
concern.     Apply  to  Box  No.  225-W. 

REINFORCED  CONCRETE  ENGINEER,  b.sc,  p.e.q., 
eight  years  experience  in  construction  design  of  industrial 
buildings,  office  buildings,  apartment  houses,  etc.  Age 
30.     Married.     Apply  to  Box  No.  257-W. 

DESIGNING  DRAUGHTSMAN,  experience  in  layout 
of  steam  power  house  equipment  and  piping.  Wide 
experience  in  mechanical  drive  and  details  of  machinery, 
gearing,  and  hoists.  Accustomed  to  layout  of  small  mill 
buildings  of  steel  and  timber,  structural  design  and 
details.  Good  references.  Present  location  Montreal. 
Apply  to  Box  No.  329-W. 

ELECTRICAL  ENGINEER,  B.sc,  a.m.b.i.c,  Am.A.i.E.B., 
age  30,  single.  Eight  years  experience  H.E  and  steam 
power  plants,  substations,  etc.,  shop  layouts,  steel  and 
concrete  design.  Location  immaterial.  Available  im- 
mediately.    Apply  to  Box  No.  435-W. 

CIVIL  ENGINEER,  b.a.sc.  and  c.e.;  a.m.e.i.c,  jun. 
A.8.C.E.,  age  32,  married.  Experience  over  twelve  years 
as  assistant  and  resident  engineer  on  the  construction  of 
hydro-electric,  railway,  and  aerodrome  works.  Also 
office  and  teaching  work  on  hydraulic  designs  and 
investigations,  reinforced  concrete,  bridge  foundations 
and  caissons.  Location  immaterial.  Available  at  once. 
Apply  to  Box  No.  447-W. 

SALES  ENGINEER,  m.a.sc.  Univ.  of  Toronto,  wishes  to 
represent  firm  selling  building  products  or  other  engineer- 
ing commodities,  as  their  representative  in  Western 
Canada.  Located  in  Winnipeg.  Apply  to  Box  No. 
467-W. 

MECHANICAL  ENGINEER,  b.sc.  Age  31.  Married. 
Last  ten  years  includes: — Mechanical  structural  and 
reinforced  concrete  design  in  pulp  and  paper  mills, 
industrial  plants,  hydro-electric,  mine,  sewers  and 
sewage  disposal  plant  construction.  My  experience  also 
includes  shop  production,  steam  plant  combustion,  fuel 
analysing,  inspecting,  supervising  and  instrument  work 
on  industrial  construction.  Permanent  position  pre- 
ferred.    Apply  to  Box  No.  52 1-W. 


Situations  Wanted 

CIVIL  ENGINEER,  Canadian,  married,  twenty-five 
years  technical  and  executive  experience,  specialized 
knowledge  of  industrial  housing  problems  and  the 
administration  of  industrial  towns,  also  town  planning 
and  municipal  engineering,  desires  new  connection. 
Available  on  reasonable  notice.  Personal  interview 
sought.     Apply  to  Box  No.  544-W. 

ELECTRICAL  AND  MECHANICAL  ENGINEER, 
B.sc,  A.M.E.I.C.  Experience  includes  C.G.E.  Students' 
Test  Course  and  six  years  in  engineering  dept.  of  same 
company  on  design  of  electrical  equipment.  Four 
summers  as  instrumentman  on  surveying  and  highway 
construction.  Several  years  experience  in  accounting 
previous  to  attending  university.  Desires  position  with 
industrial  concern  where  the  combination  of  technical 
and  business  experience  will  be  of  value.  Apply  to 
Box  No.  564-W. 


MECHANICAL  ENGINEER,  a.m.e.i.c.  Experienced 
on  plant  maintenance,  steel  plant,  cement  plant  and 
mining  plants.  Available  on  short  notice.  Apply  to 
Box  No.  57I-W. 


DOMINION  LAND  SURVEYOR,  and  graduate  engineer 
with  extensive  experience  on  legal,  topographic  and 
plane-table  surveys  and  field  and  office  use  of  aero- 
photographs,  desires  employment  either  in  Canada  or 
abroad.    Available  at  once.    Apply  to  Box  No.  589-W. 


Employment  Service  Bureau 

This  bureau  is  maintained  by  The  Engineering 
Institute  of  Canada  for  the  benefit  of  members 
and  organizations  employing  technically  trained 
men. 

An  enquiry  addressed  to  2050  Mansfield  Street, 
Montreal,  will  bring  full  information  concerning 
the  services  ofTered.  Details  can  also  be  obtained 
from  Branch  secretaries  who  .are  located  in  the 
larger    centres    throughout    Canada. 

Brief  announcements  of  men  available  and  po- 
sitions vacant  will  be  published  without  charge 
in  The  Engineering  Journal  and  the  Bulletin. 
Replies  addressed  in  care  of  the  required  box  num- 
ber will  be  forwarded  to  the  advertiser  without 
delay. 

An  additional  service  also  offered  those  who  are 
unemployed  or  wish  to  change  their  positions,  is 
the  opportunity  of  placing  their  names  and  records 
on  file  at  2050  Mansfield  Street  for  consideration 
by  employers  wishing  to  employ  engineers.  This 
is  of  great  assistance  as  many  employers  will  not 
advertise  or  wish  to  locate  a  suitable  man  on  short 
notice.  If  desired  the  information  contained  in 
these  records  can  be  kept  confidential. 

Forms  for  registration  purposes  may  be  obtained 
from  The  Institute  Headquarters  of  Branch  sec- 
retaries. 


CHEMICAL  ENGINEER,  s.e.i.c.  b.sc.  University  of 
Alberta,  '30.  Age  31.  Single.  Six  seasons  practical 
laboratory  experience,  three  as  chief  chemist  and  three 
as  assistant  chemist  in  cement  plant;  one  year's  p.g. 
work  in  physical  chemistry;  three  years  experience 
teaching.  Desires  position  in  any  industry  with  chemical 
control.  Available  immediately.  Apply  to  Box.  No 
609-W. 

DESIGNING  ENGINEER  AND  ESTIMATOR,  grad. 
Univ.  of  Toronto  in  C.E.,  a.m.e.i.c,  twenty  years 
experience  in  structural  steel,  construction  and  munic- 
ipal work.  Available  at  once.  Apply  to  Box  No. 
613-W. 

CIVIL  ENGINEER,  a.m.b.i.c,  r.p.e.,  Ontario;  three 
years  construction  engineer  on  industrial  plants;  fourteen 
years  in  charge  of  construction  of  hydraulic  power 
developments,  tower  lines,  sub-stations,  etc.;  four 
years  as  executive  in  charge  of  construction  and  develop- 
ment of  harbours,  including  railways,  docks,  warehouses, 
hydraulic  dredging,  land  reclamation,  etc.  Apply  to 
Box  No.  647-W 


ELECTRICAL  ENGINEER,  b.sc.  in  E.E.  (Univ.  of 
Man.,  '30).  Age  25.  Two  year  Can.  Westinghouse 
Apprentice  Course.  Depts.-— Switchboard  assembly, 
general  draughting  office,  switchboard  engineering, 
test  office.  One  year's  experience  since  then  designing 
and  rewinding  small  motors  and  transformers.  Loca- 
tion immaterial     Apply  to  Box.  No.  66I-W. 


Situations  Wanted 

ELECTRICAL  ENGINEER,  Univ.  Grad.  1928.  Two 
years  Students'  apprenticeship  at  Can.  Westinghouse 
Co.,  including  test  and  electrical  machine  design.  Also 
about  two  years  experience  in  operating  dept.  of  large 
electrical  power  organization.  Available  on  short 
notice.    Apply  to  Box  No.  660  W. 

ELECTRICAL  AND  RADIO  ENGINEER,  b.so.  '30. 
Variously  engaged  on  receiver  development  work,  test- 
ing, and  transformer  development,  under  direction. 
More  recent  experience  includes  transmitter  test  room 
procedure  and  short  wave  beam  transmission  engineer 
ing.    For  further  information  apply  to  Box  No.  680-W. 

DIESEL  ENGINEER.  Erection  and  industrial  engineer, 
A.M.E.I.C,  technically  trained  mechanical  engineer 
with  English  and  Canadian  experience  in  erection  and 
operation  of  steam  and  Diesel  equipment  in  power 
bouse  and  mines,  pumping,  rock  drilling,  air  com- 
pressors. Experienced  in  industrial  and  steel  works 
operations  including  rolling  mills,  quarries,  sales.  Open 
for  position  on  maintenance,  operation  or  sales  engineer. 
Location  immaterial.     Apply  to  Box  No.  682-W. 

MECHANICAL  AND  STRUCTURAL  ENGINEER. 
Six  years  experience  with  prominent  manufacturer, 
designing,  hepting  and  power  boilers,  boiler  installations, 
coal  and  ash  handling  equipment.  Good  practical  knowl- 
edge of  steel  plate  work  welding.  Abo  wide  experience 
in  designing,  estimating  and  detailing  structural  steel 
for  buildings  and  bridges.  Good  education.  Have  held 
position  of  responsibility.  Above  can  be  verified  by 
best  of  references.  Available  at  once.  Apply  to  Box 
No.  692-W. 

ELECTRICAL  AND  CIVIL  ENGINEER,  b.sc,  Elec, 
'29,  B.9C.-,  Civil  '33.  Age  27.  jr.E.i.c.  Undergraduate 
experience  in  surveying  and  concrete  foundations;  also 
four  months  with  Canadian  General  Electric  Co.  Thirty- 
three  months  in  engineering  office  of  a  large  electrical 
manufacturing  company  since  graduation.  Good 
experience  in  layouts,  switching  diagrams,  specifica- 
tions and  pricing.  Best  of  references.  Available  im- 
mediately.    Apply  to  Box  No.  693-W. 

MECHANICAL  ENGINEER,  b.sc,  '27,  jr.E.i.c  Four 
years  maintenance  of  high  speed  Diesel  engines  units, 
200  to  1,300  h.p.  Also  maintenance  of  D.C  and  AC. 
electrical  systems  and  machinery.  Draughting  expe- 
rience. Westinghouse  apprenticeship  course.  Practical 
mechanical  and  electrical  engineer  with  a  special  study 
of  high  speed  Diesel  engine  design,  application  and 
operation.  Location  in  western  or  eastern  Canada 
immaterial.     Apply  to  Box  No.  703- W. 

COMBUSTION  ENGINEER,  r.p.b..  Manitoba, 
A.M.B.I.C  Wide  experience  with  all  classes  of  fuels. 
Expert  designer  and  draughtsman  on  modern  steam 
power  plants.  Experienced  in  publicity  work.  Well 
known  throughout  the  west.  Location,  Winnipeg  or 
the  west.  Available  at  once.   Apply  to  Box  No.  713-W. 

ELECTRICAL  ENGINEER,  b.sc,  University  of  N.B.. 
'31.  Experience  includes  three  months  field  work  with 
Saint  John  Harbour  Reconstruction.  Apply  to  Box  No. 
722-W. 

MECHANICAL  ENGINEER,  age  41,  married.  Eleven 
years  designing  experience  with  project  of  outstanding 
magnitude.  Machinery  layouts,  checking,  estimating 
and  inspecting.  Twelve  years  previous  engineering, 
including  draughting,  machine  shop  and  two  years 
chemical  laboratory.  Highest  references.  Apply  to 
Box  No.  723- W. 

CIVIL  ENGINEER,  b.sc.  (Alta.  '31).  s.e.i.c.  Experience 
includes  three  seasons  in  charge  of  survey  party.  Tran- 
sitman  on  railway  maintenance,  and  concrete  bridge 
designing.  Nature  of  work  and  location  immaterial. 
Apply  to  Box  No.  724- W. 

YOUNG  CIVIL  ENGINEER,  b.sc.  (Univ.  of  N.B.  '31), 
with  experience  as  rodman  and  o'aecker  on  railroad 
construction,  is  open  for  a  position.  Apply  to  Box  No. 
728-W. 

DESIGNING  ENGINEER,  m.so.  (MoGill  Univ.),  d  l.s., 
A.M.E.I.C,  P.E.Q.  Experience  in  design  and  construction 
of  water  power  plants,  transmission  lines,  field  in- 
vestigations of  storage,  hydraulic  calculations  and 
reports.  Also  paper  mill  construction,  railwavs,  high- 
ways, and  in  design  and  construction  of  bridges  and 
buildings.  Available  at  one*.  Apply  to  Box.  No. 
7a9-W. 

MECHANICAL  ENGINEER,  s.e.i.c,  b.a.sc,  Univ. 
of  B.C.  '30.  Single,  age  24.  Sixteen  months  with  the 
Allis-Chalmers  Mfg.  Co.  as  student  engineer.  Ex- 
perience includes  foundry  production,  erection  and 
operation  of  steam  turbines,  erection  of  hydraulic  ma- 
chinery, and  testing  texropes  and  centrifugal  pumps. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  735-W. 

RADIO  AND  ELECTRICAL  ENGINEER,  b  so.  '31, 
a.B.i.c.  Age  27.  Experience  in  installation  of  power 
and  lighting  equipment.  Temporary  operator  in  radio 
station;  studio  experience  with  part  time  announcing. 
Two  summers  in  switchboard  and  installation  depart- 
ment of  telephone  company,  eight  months  on  extensive 
survey  layouts.  Interested  in  sales  work  of  electrical 
or  radio  equipment.  Available  on  short  notice.  Location 
immateriaL     Apply  to  Box  No.  740-W. 
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Situations  Wanted 

CIVIL  ENGINEER,  b.bc.  '29,  a.u.e.i.c.  Married.  One 
year  building  construction.  One  year  hydro-electric 
construction  in  South  America,  eighteen  months  resident 
engineer  on  highway  construction,  one  year  on  harbour 
design  and  construction.  Working  knowledge  of 
Spanish.     Apply  to  Box  No.  744-W. 

CIVIL  ENGINEER,  b.e.i.c,  b.sc.  Queen's  Univ.  '29. 
Age  25.  Married.  Three  years  experience  as  con- 
struction supt.  and  estimator  for  contracting  firm. 
Experience  includes  general  building,  bridges,  sewer 
work,  concrete,  boiler  settings,  sand  blasting  of  bridges 
and  spray  painting.  Available  at  once.  Apply  to  Box 
No.  776-W. 

CIVIL  ENGINEER,  b.sc,  '25,  jr.E.i.c,  p.b.q.,  married. 
Desires  position,  preferably  with  construction  firm. 
Experience  includes  railway,  monument  and  mill 
building  construction.  Available  immediately.  Apply 
to  Box  No.  780-W. 

DRAUGHTSMAN,  experience  in  civil  engineering, 
forestry  engineering,  land  surveying  and  house  con- 
struction.   Good  references.    Apply  to  Box  No.  781-W. 

ELECTRICAL  AND  SALES  ENGINEER,  b.e.i.c,  grad. 
'38.  Experience  includes  one  year  test  course,  one  year 
switchboard  design  and  two  years  switchboard  and 
switching  equipment  sales  with  large  electrical  manufac- 
turing company.  Three  summers  Pilot  OflScer  with 
R  C.A.F.   Available  at  once.   Apply  to  Box  No.  788-W. 

ELECTRICAL  ENGINEER  desires  position  as  engineer 
or  manager  for  industrial  plant  or  factory.  Over  ten 
years  diversified  electrical  and  mechanical  experience  in 
the  industrial  field.    Apply  to  Box  No.  795-W. 

CIVIL  ENGINEER,  b.e.i.c,  graduate  '30,  age  23,  single. 
Experience  includes  mining  surveys,  assistant  on  high- 
way location  and  construction,  and  assistant  on  large 
construction  work.  Steel  and  concrete  layout  and 
design.     Apply  to  Box  No.  809-W. 

CIVIL  ENGINEER,  b.b.  (Sask.  Univ.  '32),  b.e.i.c 
Single.  Experience  in  city  street  improvement;  sewer 
and  water  extensions.  Good  draughtsman.  References. 
Available  at  once.  Location  immaterial.  Apply  to  Box 
No.  818-W. 

CIVIL  ENGINEER,  b.bc,  a  m.e.i.c,  with  fifteen  years 
experience  mostly  in  pulp  and  paper  millwork,  reinforced 
concrete  and  structural  steel  design,  field  surveys,  layout 
of  mechanical  equipment,  piping.  Available  at  once. 
Apply  to  Box  No.  825-W. 

CIVIL  ENGINEER,  b.a.bc,  d.l.b.,  o.l.b.,  a. m.e.i.c, 
age  46,  married.  Twelve  years  experience  in  charge  of 
legal  field  surveys.  Owns  own  surveying  equipment. 
Eight  years  on  technical,  administrative,  and  editorial 
office  work.  Experienced  in  writing.  Desires  position 
on  survey  work,  assisting  in  or  in  charge  of  preparation 
of  house  organ,  on  staff  of  technical  or  semi-technical 
magazine,  or  on  publicity,  editorial  or  administrative 
office  work.  Available  at  once.  Will  consider  any  salary, 
and  any  location.     Apply  to  Box  No   831-W. 

CIVIL  ENGINEER,  b.e.i.c,  b.bc.  '32  (Univ.  of  N.B.). 
Age  25.  Married.  Two  years  experience  in  power  line 
construction  and  maintenance;  one  year  of  highway 
construction;  one  summer  surveying  for  power  plant 
site,  location  and  spur  railway  line  construction.  Avail- 
able at  once.  Location  immaterial.  Apply  to  Box 
No.  840-W. 

CIVIL  ENGINEER,  b.bc.  '15,  a. m.e.i.c,  married,  exten- 
sive experience  in  responsible  position  on  railway  con- 
struction, also  highways,  bridges  and  water  supplies. 
Position  desired  as  engineer  or  superintendent.  Avail- 
able at  once.     Apply  to  Box  No.  841-W. 

BRIDGE  AND  STRUCTURAL  ENGINEER,  a.m.e.i.c, 
McGill.  Twenty-five  years  experience  on  bridge  and 
structural  staffs.  Until  recently  employed.  Familiar 
with  all  late  designs,  construction,  and  practices  in  all 
Canadian  fabricating  plants.  Desirous  of  employment 
in  any  responsible  position,  sales,  fabrication  or  con- 
struction.    Apply  to  Box  No.  851-W. 

STRUCTURAL  ENGINEER,  b.a.bc,  a.m.e.i.c  Twenty- 
two  years  expedience  in  design  of  bridges  and  all  types 
of  building  in  structural  steel  and  reinforced  concrete. 
Three  years  experience  in  railway  construction  and 
land  surveying.     Apply  to  Box  No.  866-W. 

MECHANICAL  ENGINEER,  b.bc.  '32,  b.e.i.c  Good 
draughtsman.  Undergraduate  experience: — One  year 
moulding  shop  practice;  two  years  pipe  fitting  and  sheet 
metal  work;  one  year  draughting  and  tracing  on  paper 
mill  layout;  six  months  machine  shop  practice;  and 
eight  months  fuel  investigation  and  power  heating 
plant  testing.  Desires  position  offering  experience  in 
steam  power  plants  or  heating  and  ventilating  design. 
Will  go  anywhere.     Apply  to  Box  No.  858-W. 

MECHANICAL  ENGINEER,  age  31,  graduate  Sheffield 
(England)  1921;  apprenticeship  with  firm  manufacturing 
steam  turbine  generators  and  auxiliaries  and  subsequent 
experience  in  design,  erection,  operation  and  inspection 
of  same.  Marine  experience  b.o.t.  certificate  thoroughly 
conversant  with  Canadian  plants  and  equipment.  Avail- 
able on  short  notice.    Any  location.    Box  No.  860-W. 


Situations  Wanted 

CHEMICAL  ENGINEER,  b.sc.  (McGill  '21),  a.m.e.i.c, 
age  36,  married;  three  years  since  graduation  with  pulp 
and  paper  mills;  eight  years  in  shops,  estimating  and 
sales  divisions  of  well-known  gaa  engineering  and  con- 
struction companies  in  the  United  States.  Excellent 
references.  Available  on  short  notice.  Apply  to  Box 
No.  866-W. 

CONSTRUCTION  ENGINEER  (Toronto  Univ.  of  '07). 
Experience  includes  hydro-electric,  municipal  and  rail- 
road work.  Available  immediately.  Location  imma- 
terial.    Apply  to  Box.  No.  886-W. 

ELECTRICAL  ENGINEER,  graduate  1929,  b.e.i.c. 
Single.  Experience  includes  two  years  with  electrical 
manufacturing  concern  and  one  on  highway  construction 
work.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  887-W. 

AGENCIES  WANTED.  Young  engineer,  b.a.bc.  in  CE., 
with  business  and  sales  experience,  speaking  fiuent 
French,  would  consider  representing  a  firm  as  agent 
for  Montreal  or  the  province  of  Quebec.  Apply  to  Box 
No.  891-W. 

ELECTRICAL  ENGINEER,  grad.  Univ.  of  N.B.  '31. 
Experienced  in  surveying  and  draughting,  requires 
position.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  893-W. 

CIVIL  ENGINEER,  b.a.bc,  jr.B.i.c,  age  29,  single. 
Experience  includes  two  years  in  pulp  mill  as  draughts- 
man and  designer  on  additions,  maintenance  and  plant 
layout.  Three  and  a  half  years  in  the  Toronto  Buildings 
Department  checking  steel,  reinforced  concrete,  and 
architectural  plans.  Available  at  once.  Location  im- 
material. At  present  in  Toronto.  Apply  to  Box  No. 
899-W. 

DESIGNING  ENGINEER,  a.m.e.i.c  Permanent  and 
executive  position  preferred  but  not  essential.  Fifteen 
years  experience  in  designing  power  plants,  engine 
and  fan  rooms,  kitchens  and  laundries.  Thoroughly 
familiar  with  plumbing  and  ventilating  work,  pneu- 
matic tubes,  and  refrigeration,  also  heating,  electrical 
work,  and  specifications.    Apply  to  Box  No.  913-W. 

CIVIL  ENGINEER,  b.bc,  o.p.b.  Experience  includes 
several  years  on  municipal  work-design  and  construction 
of  sewers,  steel  and  concrete  bridges,  watermains  and 
pavements.  Available  at  once.  Apply  to  Box  No. 
950-W. 

CIVIL  ENGINEER,  b.bc  (Univ.  of  Sask.  '33),  b.e.i.c, 
age  28,  single.  Experience  in  testing  hydro-electric 
equipment,  draughting,  surveying,  city  street  improve- 
ments, technical  photography.  Available  at  once.  Lo- 
cation immaterial.     Apply  to  Box  No.  986-W. 

ELECTRICAL  ENGINEER,  b.e.i.c,  b.bc,  (N.S.  Tech. 
Coll.,  '33),  desires  work.  Experience  in  transmission  line 
construction.  Location  or  class  of  work  immaterial. 
Apply  to  Box  No.  1010-W. 

ENGINEER  SUPERINTENDENT,  age  44.  Engineering 
and  business  training,  executive  ability,  tactful,  ener- 
getic. Had  charge  of  several  large  projects.  Intimate 
knowledge  of  costs  and  prices,  reports  and  estimates. 
Available  immediately.  Any  location.  Apply  to  Box 
No.  1021-W. 

CIVIL  ENGINEER,  b.sc  (Queen's,  '14),  a.m.e.i.c.  Do- 
minion Land  Surveyor,  5  months  special  course  at  the 
University  of  London,  England,  in  municipal  hygiene 
and  reinforced  concrete  construction.  Experience 
covers  legal  and  topographic  surveys,  plane  tabling  and 
stadia  surveying,  railway  and  highway  construction, 
drainage  and  excavation  work.  Available  at  once. 
Apply  to  Box  No.  1035-W. 

ELECTRICAL  ENGINEER  AND  GEOPHYSICIST. 
Age  36.  Married.  Seven  years  experience  in  geophysi- 
cal exploration  using  seismic,  magnetic  and  electrical 
methods.  Two  years  experience  with  the  Western 
Electric  Company  of  Chicago,  working  on  equipment 
and  magnetic  materials  research.  Experienced  in  radio 
and  telephone  work,  also  specializing  in  precise  electrical 
measurements,  resistance  determinations,  ground  po- 
tentials and  similar  problems  of  ground  current  dis- 
tribution.    Apply  to  Box  No.  1063-W. 

ELECTRICAL  ENGINEER,  b.a.sc  Univ.  Toronto  '28. 
Experience  includes  Can.  Gen.  Eleo.  Co.  Test  Course. 
Also  more  than  two  year.s  in  the  engineering  dept.  of 
the  same  company.  Available  on  short  notice.  Pre- 
ferred location  central  or  eastern  Canada.  Apply  to 
Box  No.  1075-W. 

ELECTRICAL  ENGINEER,  b.sc.  Married.  Eight 
years  electrical  experience,  including  operation,  main- 
tenance and  construction  work,  electrical  design  work 
on  large  power  development,  mechanical  ability,  ex- 
perienced photographer,  employed  in  electrical  capacity 
at  present.  Available  on  reasonable  notice.  Apply  to 
Box  No.  1076-W. 

GRADUATE  IN  MECHANICAL  ENGINEERING, 
1927,  desires  opportunity  in  Diesel  engine  field,  pre- 
ferably in  design  and  development  work.  Skilled 
draughtsman  and  clever  in  design.  Familiar  with  basic 
theories  of  the  Diesel  engine  and  in  touch  with  recent 
developments  and  applications.  Anxious  to  obtain  a 
foothold  with  up-to-date  company.  No  objection  to 
shopwork  or  other  duties  as  a  start  but  would  prefer 
shopwork  and  assembly  if  possible.  Apply  to  Box  No. 
1081-W. 


Situations  Wanted 

CIVIL  ENGINEER,  b.bc,  Sask.  '30.  b.e.i.c  Age  24 
years.  Experience  in  municipal  engineering,  including 
sewer  and  water  construction,  sidewalk  construction, 
paving,  storm  sewer  design,  draughting,  precise  levelling, 
and  reinforced  concrete  bridge  construction.  Unmar- 
ried. Available  at  once.  Will  go  anywhere  Apply  to 
Box  No.  1115-W. 

ELECTRICAL  ENGINEER,  b.bc.b.e.  (Univ.  of  N.B. 
'31).  C.G.E.  Test  Course  included  industrial  control, 
induction  motors  and  transformers;  the  transformer 
test  included  desk  work  for  two  months  on  computing 
losses,  efficiencies,  etc  Available  at  once.  Apply  to 
Box  No.  1119-W. 

MECHANICAL  ENGINEER,  b.a.sc  (Univ.  of  B.C.  '29); 
M.S.  Age  27.  Single.  Four  years  experience  in  research 
work  in  applied  mechanics  and  materials  testing.  Desires 
position  involving  analytical  work  in  design,  develop- 
ment or  testing.  Available  on  short  notice.  Apply  to 
Box  No.  1123-W. 

GEODETIC  AND  TOPOGRAPHICAL  ENGINEER, 
D.L.B. ,  M.E.I.C  Experience  in  all  kinds  of  geodetic  and 
topographical  surveys,  especially  photo-topography, 
well  versed  in  all  kinds  of  air  photo  surveys;  Canadian 
and  U.S.  patent  method  of  determining  position  and 
elevations  of  points  from  air  photographs.  Available 
at  once  anywhere  in  Canada  or  the  United  States. 
Apply  to  Box.  No.  1127-W. 

PETROLEUM  CHEMIST,  b.bc  in  Chem.  Eng.  Age  25. 
Single.  One  and  a  half  years  experience  as  assistant 
chemist.  Capable  of  taking  charge  in  small  refinery. 
Wishes  position  anywhere  in  Canada.  Apply  to  Box 
No.  1130-W. 

ELECTRICAL  ENGINEER,  b.bc.  Queen's  '33  Single, 
age  23.  Anxious  to  gain  experience.  Present  ex- 
perience installing  small  private  hydro-electric  plant. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  1137-W. 

CIVIL  ENGINEER,  a.m.e.i.c,  with  over  twenty  years 
experience  in  field  and  office  on  construction,  main- 
tenance, surveying,  location,  etc.,  desires  position  pre- 
ferably of  a  permanent  nature.  At  present  near  Mont- 
real, but  willing  to  locate  anywhere.  Apply  to  Box 
No.  1168-W. 

CIVIL  ENGINEER,  b.a.sc,  b.e.i.c,  age  26,  single. 
Experience  includes  one  year  in  bridge  construction, 
plain  and  reinforced  concrete,  pneumatic  caissons  and 
surveying.  Available  at  once.  Any  location.  Apply  to 
Box  No.  1204-W. 

PHYSICIST  ENGINEER,  B.ScMech.  (Queen's  1913), 
M.Sc,  Ph.D.Physics  (McGill  1929,  '30).  Experience  in 
municipal  engineering,  producer  gas  installation  and 
operation,  university  plant  maintenance.  Experienced 
teacher  of  college  physics.  Industrial  and  pure  physical 
research  experience.  Age  42.  Married.  Apply  to  Box 
No.  1207-W. 

MECHANICAL  ENGINEER,  b.bc  (Queen's  Univ.  '28), 
age  36,  married,  desires  position  of  trust  and  responsi- 
bility. Experience  includes  fitting  and  assembly  of 
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The  Water  Supply  of  the  Prairie  Provinces 

Leading  points  in  the  papers  presented  at  the  Annual  Meeting  in  Toronto  on  February  8th,  1935,  with  notes  on  the 

discussions  which  followed. 


In  dealing  with  the  subject  of  precipitation,  Mr.  John 
Patterson's^  paper  points  out  that  the  rainfall  over  a  con- 
tinental area  like  the  prairie  provinces  is  not  determined 
by  local  conditions,  but  by  world-wide  forces  causing  the 
movement  of  great  masses  of  polar  and  tropical  air;  thus 
its  amount  and  general  distribution  cannot  be  altered  by 
human  effort. 

In  reference  to  the  matter  of  surface  water  supply  and 
run-off  the  paper  by  Mr.  J.  T.  Johnston^  gives  statistics 
indicating  the  severity  of  the  present  drought,  since  the 
run-off  from  prairie  sources  during  the  past  six  years  has 
been  only  20  to  30  per  cent  of  the  twenty-year  mean.  The 
run -off  from  mountain  sources  has  been  better  maintained, 
but  has  nevertheless  shown  a  marked  decrease. 

The  availability  of  ground  water  depends  largely  on 
its  distribution  and  Mr.  R.  T.  D.  Wickenden's^  contribution 
indicates  that  the  bedrock  formations  of  West  and  South 
Saskatchewan  are  capable  of  yielding  considerable  supplies 
which,  however,  have  to  be  pumped.  There  are  also 
artesian  areas  which  are  not  yet  completely  known,  and 
require  further  investigation  as  to  their  extent  and  yield, 
before  proper  conservation  methods  can  be  developed. 

Ground  waters  in  the  prairie  provinces  are  especially 
liable  to  mineralization,  and  the  paper  by  Mr.  D.  C.  Maddox* 
states  that  while  artesian  waters  are  generally  potable,  they 
often  contain  a  fairly  high  proportion  of  soluble  salts.  The 
waters  from  the  shallow  wells  in  surface  deposits  or  glacial 
drift  vary  greatly  in  mineral  content,  but  as  a  rule  contain 
smaller  amounts  of  soluble  salts,  and  are  the  most  satisfac- 
tory for  drinking  purposes.  Investigation  is  desirable  as 
to  the  possible  improvement  of  the  artesian  waters  by 
mixture  or  possibly  by  chemical  treatment. 

Mr.  W.  Colder^  in  his  paper  dealing  with  well  drilling 
in  Alberta  draws  attention  to  the  importance  of  controlUng 
rural  well  sinking  so  as  to  avoid  the  pollution  or  mineraliza- 
tion of  otherwise  potable  supplies. 

Messrs.  W.  A.  Johnston  and  R.  T.  D.  Wickenden^  con- 
sider that  soil  drifting  is  largely  the  result  of  dry-farming 

1  Precipitation  in  the  Prairie  Provinces.     See  page  176. 

2  Surface  Water  Supply  and  Runoff  of  the  Prairie  Provinces.    See 
page  181. 

3  Some  Possible  Sources  of  Ground  Water  in  Southern  Saskat- 
chewan.    See  page  193. 

4  Mineral  Character  of  the  Underground  Water  in  Southern  Saskat- 
chewan.    See  page  196. 

5  Rural  Water  Supply  in  Alberta.     See  page  198. 

6  Relationship  of  Geology  to  Soil  Drifting  in  Southern  Manitoba 
and  Southern  Saskatchewan.     See  page  200. 


methods  and  single  crop  farming,  combined  with  the  general 
absence  of  wind  breaks.  The  character,  extent  and  mode 
of  origin  of  soils  in  Manitoba  and  Saskatchewan  south  of 
52  degrees  are  discussed  in  relation  to  soil  drifting,  and 
references  are  given  to  the  valuable  information  on  this 
subject  contained  in  the  soil  survey  publications  of  the 
University  of  Saskatchewan. 

As  a  result  of  his  long  experience,  Mr.  N.  M.  Ross'' 
believes  that  there  is  little  basis  for  the  claim  that  tree 
planting  changes  the  climate  of  a  large  area,  or  will  increase 
the  rainfall.  The  local  benefits  to  be  derived  from  shelter 
belts  and  tree  planting  are,  however,  quite  definite.  To 
grow  trees  successfully  in  the  prairies  requires  considerable 
care,  cultivation  and  the  proper  choice  of  varieties.  Trees 
can  be  grown  where  there  is  sufficient  moisture  for  wheat, 
but  successful  results  will  not  be  obtained  without  proper 
attention.  They  should  be  planted  at  the  commencement 
of  a  period  of  normal  precipitation,  not  during  severe 
drought.  Great  assistance  has  been  given  in  this  matter 
by  the  Dominion  Forest  Nurseries  Station,  which  has 
distributed  nearly  one  hundred  and  forty  million  seedlings 
to  more  than  fifty  thousand  farmers. 

The  paper  by  Mr.  P.  C.  Perry^  gives  the  results  of 
his  study  of  drainage  basins  in  southern  Alberta,  Saskat- 
chewan and  Manitoba.  He  points  out  that  in  the  prairie 
generally  the  annual  evaporation  from  open  water  is  about 
twice  the  precipitation,  and  that  the  final  run-off  of  prairie 
streams  does  not  exceed  about  two  per  cent  of  the  precipita- 
tion. He  is  of  the  opinion  that  the  theory  of  regular  climatic 
cycles  due  to  sun  spots,  etc.,  has  httle  weight.  He  advocates 
the  construction  of  storage  reservoirs  wherever  possible, 
varying  in  size  from  small  dugouts  for  individual  farms  to 
large  lakes.  He  also  points  out  that  in  the  utihzation  of 
available  water  supplies,  problems  of  administration  are 
likely  to  arise. 

In  his  general  study  of  water  conservation  Mr.  T.  C. 
Main''  draws  attention  to  the  waste  of  surface  water  which 
has  occurred  in  the  past.  He  believes  that  there  has  been 
a  steady,  though  small,  rise,  say  about  2  to  4  degrees,  in 
the  average  temperature  in  the  prairie  regions  for  the  past 
sixty  years,  although  it  appears  that  the  trend  is  now 
reversed.  He  emphasizes  the  importance  of  adequate  water 
supply  in  maintaining  a  proper  standard  of  living,  and 
holds  that  the  water  available  should  not  be  used  for  wheat 


7  Tree  Planting  in  Relation  to  Drought  Control.     See  page  202 

8  The  Surface  Waters  of  the  Canadian  Prairies.     See  page  204. 

9  Water  Conservation  in  the  Prairie  Provinces.     See  page  212. 


174 


THE     ENGINEERING     JOURNAL 


April,  1935 


irrigation  but  for  individual  farm  supply.  As  regards  major 
schemes  for  water  conservation,  he  refers  to  proposals  which 
have  been  made  for  dealing  with  the  South  Saskatchewan 
river,  the  Frenchman  river  m  southwestern  Saskatchewan, 
Swift  Current  creek,  the  Qu'Appelle  river  at  Buffalo  Pound 
Lake,  and  the  Souris  river  in  southeastern  Saskatchewan, 
together  with  projects  for  preserving  and  enlarging  various 
lakes  such  as  Big  Muddy  Lake,  Willow  Bunch  Lake  and 
Goose  Lake.  He  points  out  that  these  and  other  similar 
schemes  have  not  yet  been  studied  in  detail  as  engineering 
projects.  Such  study  is  necessary  before  opinions  can  be 
expressed  as  to  their  economic  feasibility. 

The  paper  by  Mr.  Walter  Blue^^  gives  some  results 
of  his  preliminary  study  of  the  possibility  of  damming  the 
South  Saskatchewan  river  near  the  Elbow.  This  glacier- 
fed  river  is  the  principal  large-scale  source  of  possible 
supply  in  the  drought  region,  and  could  probably  furnish 
over  two  million  acre-feet  annually.  Construction  work 
would  have  to  be  on  a  large  scale  and  would  be  costly,  as 
the  maximum  discharge  of  the  river  is  some  130,000  second 
feet.  The  development  would  make  power  available  for 
pumping,  and  in  his  opinion,  the  scheme  deserves  a  complete 
engineering  study. 

In  regard  to  conditions  in  the  United  States,  the 
memorandum  by  Mr.  L.  A.  Jones^^  supplies  information 
on  the  Federal  Emergency  Relief  Administration  activities 
in  the  drought  areas  of  North  Dakota  and  Montana  during 
the  year  1934-1935.  The  large  sums  made  available  by  the 
F.E.R.A.  have  been  devoted  largely  to  direct  relief  and  the 
provision  of  food,  fodder  for  livestock,  and  seed  for  farms, 
but  have  also  provided  for  considerable  expenditure  on  tree 
planting,  the  development  of  water  supply  improvements 
and  irrigation  systems,  and  the  construction  of  small  reser- 
voirs. Ground  and  surface  water  surveys  have  been  made 
and  work  has  been  provided  for  a  large  number  of  men 
who  were  on  the  relief  rolls.  The  assistance  thus  afforded 
has  enabled  many  farmers  to  remain  on  the  land  who  would 
otherwise  have  been  forced  to  leave  it. 


In  the  discussion  based  on  these  papers  much  addi- 
tional information  was  given.  The  following  notes  refer 
to  written  discussions  received,  as  well  as  to  those  presented 
orally  at  the  meeting. 

These  discussions  are  printed  on  pages  221  to  231 
inclusive,  of  this  issue. 

Mr.  H.  G.  Cochrane  pointed  out  that  the  drought 
problem  resolved  itself  into  the  question  of  how  to  make 
the  prairie  area  more  habitable.  A  great  deal  of  informa- 
tion is  already  available,  and  more  should  be  secured,  as 
a  basis  for  systematic  investigation,  for  which  funds  might 
be  supplied  partly  by  investors  interested  in  the  area,  such 
as  railways,  insurance  companies,  manufacturers  and  so  on. 
He  would  suggest  the  formation  of  a  committee  to  approach 
such  bodies  for  contributions,  to  undertake  the  study 
required  and  to  report  to  the  contributors  and  to  the 
various  provincial  governments  concerned. 

Mr.  C.  H.  Fox  agreed  that  the  majority  of  proposals 
for  engineering  works  so  far  made  had  been  insufficiently 
studied  technically,  for  example,  the  proposed  Riverhurst 
diversion  of  the  South  Saskatchewan  river  for  the  purpose 
of  distributing  water  over  8,500  square  miles.  This  would 
involve  a  dam  2,000  feet  long,  200  miles  of  distributing 
channel  or  pipe  and  80,000  h.p.  for  pumping.  He  would 
prefer  to  consider  a  less  ambitious  scheme  such  as  that 
suggested  by  Mr.  Blue.  He  was  heartily  in  favour  of 
minor  engineering  works  for  the  control  of  drainage,  flood 

10  Storage  on  the  South  Saskatchewan  River.     See  page  218. 

11  Water  Phases  of  the  Drought  Relief  Programme  of  the  United 
States  Federal  Emergency  Relief  Administration.   See  page  220. 


and  run-off  water,  and  also  the  provision  of  shelter  belts 
for  the  benefit  of  the  individual  farmer. 

Mr.  Perry  considered  that  Mr.  Main's  condemnation 
of  drainage  was  too  sweeping,  and  he  was  unable  to  support 
Mr.  Main's  theory  of  the  effect  of  ratio  of  water  to  land 
area  on  climate.  He  did  not  think  this  was  tenable  except 
in  regard  to  continental  masses  and  oceans.  He  drew 
attention  to  the  changes  which  had  occurred  in  the  areas 
of  sloughs  and  lakes,  as  for  example  a  lake  near  Lampson, 
which  in  1927  covered  3,000  acres.  This  area  was  dry  in 
1912,  partly  filled  in  1916,  dry  again  in  1922,  completely 
filled  in  1927,  and  is  now  dry  and  has  been  dry  since  1930. 
These  changes  took  place  irrespective  of  drainage  ditches 
or  any  artificial  factor,  and  he  did  iTot  think  the  drainage 
measures  taken  over  most  of  the  prairie  areas  had  had  any 
appreciable  effect  on  climate.  He  was  strongly  in  favour 
of  water  conservation  by  means  of  farm  ponds  and  small 
reservoirs  on  local  streams,  but  thought  that  the  larger 
schemes,  such  as  that  proposed  for  Buffalo  Pound  Lake, 
for  the  Souris  river,  and  for  the  South  Saskatchewan, 
should  certainly  be  deferred. 

Mr.  Attwood  summarized  the  views  of  Premier  Bracken 
as  expressed  in  the  speech  delivered  on  October  25th,  1934, 
at  Winnipeg.  This  admirable  presentation  of  the  rehabilita- 
tion problem  described  the  situation  and  pointed  out  that 
immediate  action  is  necessary  if  we  are  not  to  witness 
similar  distress  at  recurring  periods  in  the  future.  The 
Premier  of  Manitoba  had  remarked  that  in  approach- 
ing such  a  problem  the  basic  facts  must  first  be  discovered, 
and  that  reforestation,  power,  drainage  practice,  soil 
management  and  cropping  methods  must  all  be  taken  into 
consideration.  A  reclamation  programme  should  provide 
for  a  thorough  survey  of  the  area  affected  and  should  result 
in  specific  recommendations  regarding  agricultural  produc- 
tion and  conservation  plans  for  each  separate  soil  zone. 

Mr.  Patterson,  supplementing  the  information  given 
in  his  paper,  stated  that  conservation  methods  could  not 
affect  the  climate  of  the  region  as  a  whole.  He  believed 
that  the  slow  increase  in  temperature  observed  in  Manitoba 
was  not  confined  to  the  prairies  but  was  possibly  world  wide. 

Mr.  Main  drew  attention  to  the  various  meanings 
assigned  to  the  term  "climate"  but  thought  that  it  would 
be  useful  to  follow  Geiger  in  distinguishing  between  macro- 
climate  and  microclimate.  The  former  term  referred  to  the 
general  climate  of  a  whole  area,  and  the  latter  to  the 
climate  close  to  the  ground  or  in  small  areas  as  affected 
locally  by  the  presence  of  ponds,  shelter  belts  and  the  like. 
Microclimate  is  therefore  amenable  to  human  control  to  a 
certain  extent. 

Mr.  F.  K.  Beach  was  doubtful  whether  there  really 
had  been  the  20  per  cent  increase  of  evaporation  of  which 
Mr.  Main  had  spoken,  and  whether  there  was  a  real  cyclical 
variation  of  run-off  due  to  sun  spots  or  other  causes.  He 
desired  to  point  out  that  Mr.  Main's  proposal  to  furnish 
water  to  individual  farmers  in  amounts  sufficient  to  supply 
15  acres  per  quarter-section  would  involve  immense  ex- 
penditure, and  judging  from  past  experience  this  would  all 
have  to  come  from  the  public  purse.  He  believed  that  the 
most  pressing  immediate  needs  were  the  withdrawal  of  un- 
suitable land  from  cultivation,  the  provision  of  dams  and 
reservoirs,  and  the  control  of  well  digging  and  the  use  of 
ground  water. 

Mr.  F.  W.  Caldwell  drew  attention  to  the  work  of  the 
various  state  planning  boards  in  the  United  States.  These 
now  exist  in  forty-one  states,  and  there  are,  in  addition, 
two  regional  planning  boards.  Their  function  is  to  plan 
for  the  utilization  of  the  natural  resources  of  the  state  or 
region  regarded  as  an  economic  whole,  and  he  would 
suggest  the  desirability  of  similar  measures  as  regards 
Canada's  arid  regions. 
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Professor  Chandler,  as  a  result  of  thirty-two  years' 
experience  of  run-off  conditions  in  North  Dakota,  had 
obtained  figures  which  agreed  substantially  with  Mr. 
Perry's.  In  prairie  land  run-off  does  not  form  any  definite 
proportion  of  the  precipitation  but  consists  mainly  of  water 
which  runs  away  after  sudden  storms  before  it  has  had 
time  to  sink  in,  or  of  spring  flow-off  resulting  from  rapid 
melting  of  snow  when  the  ground  below  is  still  frost-bound; 
This  is  available  in  the  spring,  and  its  amount  varies 
greatly  in  different  years.  The  storage  of  such  waters  is 
one  of  the  most  important  items  in  a  water  conservation 
programme. 

Mr.  J.  W.  D.  Farrell  was  in  agreement  with  Mr.  Main 
in  considering  that  the  feature  of  primary  importance  is 
not  irrigation  but  the  provision  of  the  necessary  supply 
on  the  farms  for  human  and  animal  use.  He  doubted 
whether  many  local  reservoirs  would  survive  prolonged 
drought,  although  they  would  undoubtedly  better  con- 
ditions in  the  intervening  periods.  He  cited  the  case  of 
Wascana  Lake  at  Regina,  which  covers  an  area  of  200 
acres  and  was  full  up  to  the  spillway  in  1928,  was  nearly 
empty  in  1931  and  in  1934  was  full  again. 

Mr.  D.  A.  R.  McCannel  pointed  out  that  the  time 
of  the  year  at  which  precipitation  occurs  is  as  important 
as  the  amount  which  falls.  Frequent  moderate  rainfall 
during  the  growing  season,  June  and  July,  is  the  most 
beneficial.  He  considered  that  in  the  construction  of  small 
and  medium  sized  reservoirs  or  dams,  engineering  advice 
is  essential,  and  works  of  this  character  are  the  first  neces- 
sity. The  economic  feasibility  of  large  and  expensive 
schemes  should  be  thoroughly  investigated  before  they  are 
embarked  upon. 

Mr.  C.  J.  McGavin  quoted  various  divergent  opinions 
on  the  effect  of  forests  on  climate.  The  annual  rings  in 
trees  laid  bare  by  the  recession  of  lakes  in  North  Dakota 
indicated  that  wet  cycles  have  come  and  gone  for  over 
one  hundred  years.  He  considered  that  the  shape  of  a 
drainage  basin,  whether  long  and  narrow  or  round,  had 
marked  effect  on  the  amount  of  run-off  and  the  intensity 
of  floods  originating  in  that  drainage  area.  Mr.  McGavin 
was  unable  to  follow  Mr.  Main  in  tracing  a  relation  between 
run-off  and  sun  spot  cycles.  He  thought  that  a  ten-year 
period  was  generally  considered  sufficient  for  hydrometric 
records  except  in  the  case  of  the  design  of  major  structures, 
where  longer  records,  say  fifty  to  sixty  years,  were  almost 
essential.  Mr.  McGavin  suggested  a  formula  for  mean 
temperature  taking  care  of  longitude,  latitude  and  altitude. 
He  agreed  that  the  primary  need  is  for  dams  for  domestic 
and  stock  watering,  and  believed  that  an  inventory  should 
be  taken  of  the  water  resources  of  each  township,  together 
with  considerable  further  investigation  of  the  ground  water 
resources  of  the  dry  areas. 

Dean  C.  J.  Mackenzie  considered  that  there  are  two 
schools  of  thought:  one  holding  that  climatic  conditions 
can  be  affected  to  ?ome  degree  by  man's  efforts,  and  that 
precipitation  may  be  increased  by  tree  planting  and  the 
creation  of  reservoirs,  also  that  large-scale  projects  such 
as  Mr.  Main  outlined  in  his  paper  are  desirable  and  prac- 
ticable. The  other  school  believes  that  such  measures  are 
impracticable,  that  the  remedy  lies  rather  in  the  field  of 
improvement  of  agricultural  and  tillage  methods  for  the 
purpose  of  reducing  evaporation  and  lessening  soil  drifting, 
and  that  a  reorganization  of  our  social  and  political  institu- 
tions, perhaps  in  the  form  of  an  insurance  scheme  for  relief 
purposes,  is  more  practical  and  economically  justifiable, 
for  the  purpose  of  tiding  over  the  periods  of  drought  which 
will  inevitably  return.     He  favoured  this  view. 


Dean  Mackenzie  felt  that  Mr.  Main's  scheme  of  bring- 
ing water  to  individual  farms  by  pipes  is  a  bold  conception, 
but  on  investigation  would  be  found  impracticable  under 
present  economic  conditions.  He  considered  that  the  most 
promising  course  would  be  a  system  of  planning  and  in- 
surance which  would  cover  all  areas  against  drought,  and 
agreed  with  Mr.  Main  that  there  is  urgent  need  of  a  com- 
mission of  enquiry  of  a  broad  nature  to  bring  together  the 
opinions  of  meteorologists,  agriculturists,  engineers  and 
statesmen. 

Mr.  R.  W.  McKinnon  was  of  the  opinion  that  while 
tree  belts  would  have  no  appreciable  effect  on  the  amount 
of  precipitation,  they  would  be  helpful  as  regards  soil 
drifting.  The  present,  however,  is  not  the  time  to  start 
tree  planting  on  a  large  scale,  by  reason  of  the  deficiency 
of  ground  water.  In  all  forestation  or  tree  planting  schemes 
the  individual  co-operation  of  the  farmers  is  essential,  and 
this  is  also  the  case  in  regard  to  the  formation  of  ponds 
and  dams,  which  in  dry  years  he  felt  would  be  in  danger 
of  filling  with  drift  soil  if  unprotected.  He  was  of  the 
opinion  that  there  are  still  places  where  drainage  and  re- 
clamation is  desirable,  and  did  not  think  that  drainage  due 
to  the  efforts  of  farmers  and  highway  constructors  and  the 
railways  had  had  the  prejudicial  effect  which  some  speakers 
had  mentioned. 

Mr.  Perry  remarked  that  as  regards  the  construction 
of  dams  and  reservoirs,  something  had  already  been 
accomplished.  Last  year  nine  municipal  reservoirs  had 
been  built  in  Saskatchewan  under  proper  engineering  super- 
vision, while  about  forty  others  were  now  contemplated. 
He  drew  attention  to  the  successful  establishment  of 
reservoirs  by  the  railways.  Mineralization  of  reservoir 
waters  had  not  been  found  serious  by  the  railways.  He 
believed  that  large  scale  irrigation  is  not  a  paying  proposi- 
tion on  the  Canadian  prairie.  Mr.  Perry  disagreed  with 
Mr.  McGavin  as  to  the  effect  of  tree  planting,  and  con- 
sidered that  the  chief  use  of  shelter  belts  would  be  to 
concentrate  water  in  desirable  spots  and  help  to  supply 
and  protect  reservoirs  and  reduce  evaporation  from  them. 

Mr.  L.  P.  Rundle  suggested  the  formation  of  a  com- 
mission by  the  Federal  government  which  would  be  in 
touch  with  an  engineering  representative  of  each  province. 
The  ideas  and  methods  of  rehabilitation  work  in  the  United 
States  should  be  studied.  Meteorological  data  should  be 
secured  and  recorded  by  an  international  meteorological 
clearing  house  for  the  North  American  countries.  The 
government  commission  should  study  individual  areas  as 
to  their  fatness  for  agriculture,  grazing  and  tree  planting. 
There  should  be  proper  regulation  of  drainage,  uniform 
legislation  as  to  water  rights,  and  the  various  legislatures 
and  the  public  should  be  informed  by  the  commission  as 
to  desirable  conservation  schemes.  The  commission  would 
also  make  recommendations  as  to  finances. 

Mr.  R.  S.  Stockton,  in  an  address  made  before  the 
Calgary  Branch  of  The  Institute,  had  drawn  attention  to 
the  way  in  which  the  fertility  of  large  areas  in  the  prairie 
provinces  had  been  destroyed,  and  remarked  that  the 
principal  remedies  available  appear  to  be  strip  farming, 
seeding  of  considerable  areas  to  grass  or  other  selected 
suitable  plants,  the  employment  of  live  stock  so  that 
manure  would  be  available,  the  diversion  of  perennial 
streams  for  irrigation  where  possible,  the  conservation  of 
run-off  water,  the  provision  of  shelter  belts,  and  the  adjust- 
ment of  land  taxation.  Much  of  the  work  involved  would 
need  engineering  supervision,  as  for  example  the  construc- 
tion of  dugouts  and  dams  for  the  storage  of  storm  water 
in  farms  and  the  control  of  well  digging  and  pumping  to 
ensure  proper  utilization  of  available  ground  water  re- 
sources. 
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A  symposium  on  the  water  resources  in  the  prairie 
provinces  necessarily  involves  the  question  of  rainfall  in 
these  provinces  or  on  the  drainage  basin  of  which  they 
form  a  part.  Meteorologically  the  two  factors  to  be  con- 
sidered are  evaporation  and  rainfall,  but  the  disposal  of 
the  rainfall  after  it  reaches  the  earth  must  be  dealt  with 
by  those  who  have  made  a  special  study  of  the  problems. 
This  paper  will  be  confined  entirely  to  the  question  of 
precipitation,  evaporation  and  temperature  in  the  prairie 
provinces. 

There  are  many  erroneous  ideas  prevalent  in  regard 
to  precipitation  as  it  may  be  affected  by  opening  the 
country  up  for  settlement.  The  ideas  seem  to  change 
according  as  the  rainfall  is  abundant  over  a  period  of  years, 
or  the  opposite.  In  the  period  of  abundant  rainfall  there 
was  a  prevalent  idea  that  the  opening  of  the  country  up 
to  agriculture  increased  the  rainfall;  now  the  pendulum  has 
swung  violently  in  the  opposite  direction,  and  many  people 
believe  that  the  cultivation  of  the  land  and  the  drainage 
of  sloughs,  ponds,  lakes,  etc.,  has  decreased  the  rainfall, 
and  has  been  a  very  important  factor  in  producing  the 
drought  that  has  prevailed  for  the  last  number  of  years. 

It  would  be  well  therefore  to  consider  first  of  all  the 
actual  physical  processes  that  are  in  operation  to  produce 
precipitation.  The  first  question  naturally  is  whether  the 
processes  that  produce  precipitation  are  entirely  local  in 
their  origin  or  world  wide.  If  the  former,  then  we  would 
naturally  expect  that  decreased  evaporation  and  decreasing 
water  areas  might  have  an  appreciable  effect  on  the  pre- 
cipitation. On  the  other  hand,  if  the  processes  are  the 
result  of  the  operation  of  world  wide  forces  then  the  local 
conditions  would  play,  at  the  very  most,  a  very  insignificant 
part.    The  fundamental  facts  are  as  follows: 

The  air  receives  its  supply  of  water  vapour  by  evapora- 
tion from  all  water  surfaces,  and  from  moisture  in  the  surface 
soil,  and  from  transpiration  from  vegetation.  Naturally 
the  greatest  source  of  moisture  is  the  tropical  regions 
where  there  are  enormous  water  areas  and  high  temperature. 
On  the  other  hand,  the  lowest  evaporation  occurs  in  deserts 
and  in  the  arctic  regions  where  it  is  very  cold  and  largely 
continental.  There  is  thus  passing  into  the  air  an  enormous 
quantity  of  moisture  from  evaporation,  and  this  moisture 
is  distributed  by  the  air  currents  over  the  face  of  the  earth, 
but  after  getting  the  moisture  into  the  air  the  next  question 
is  "how  is  the  moisture  to  be  taken  out."  This  is  probably 
the  factor  which  leads  to  erroneous  conceptions  about  the 
effect  which  evaporation  has  on  rainfall  in  a  region.  Ap- 
parently many  believe  the  only  question  is  that  of  getting 
the  moisture  into  the  air,  completely  forgetting  the  means 
by  which  it  can  be  taken  out,  and  the  incomprehensible 
amount  of  energy  required  to  carry  through  the  weather 
processes. 

In  connection  with  getting  the  moisture  out  of  the  air, 
it  is  necessary  first  to  consider  the  physical  facts  about 
the  atmosphere  on  which  these  processes  are  based.  They 
are: 

(1)  The  higher  the  temperature  the  more  moisture  the 
air  can  contain. 

(2)  There  is  a  definite  amount  of  moisture  that  can 
exist  in  the  form  of  vapour  for  any  given  tem- 


perature. Experiments  show  that  at  a  tem- 
perature of  32  degrees  F.  the  air  can  hold  about 
22,000;  at  70  degrees  F.  85,000;  and  at  100  degrees 
F.  210,000  tons  of  water  per  cubic  mile,  in  the 
form  of  vapour. 
(3)  The  temperature  decreases  with  height  above  the 
earth's  surface.  Experiments  show  that  on  the 
average  the  temperature  decreases  about  33^ 
degrees  per  thousand  feet  of  elevation. 

These  are  the  physical  conditions  in  the  atmosphere 
on  which  the  weather  processes  operate  in  order  to  get  the 
moisture  out  of  the  air.  There  is  always  a  certain  amount 
of  moisture  in  the  atmosphere,  and  from  what  has  just 
been  said  if  the  air  can  be  cooled  sufficiently  the  tem- 
perature will  be  reduced  below  the  saturation  point  and 
thus  the  excess  moisture  will  be  condensed  into  fog,  cloud, 
or  precipitation.  If  much  rain  is  to  be  obtained  the  air 
must  be  cooled  on  an  enormous  scale,  as  the  only  amount 
of  moisture  that  can  be  taken  out  is  that  between  the 
saturation  point  and  the  final  temperature  to  which  the 
air  is  reduced;  thus  if  the  air  saturated  at  70  degrees  F. 
could  be  reduced  to  60  degrees  F.  there  would  only  be 
24,000  tons  of  water  per  cubic  mile  of  atmosphere  taken  out, 
and  that  would  give  about  one-third  inch  rainfall  per  square 
mile.  This  is  a  very  extreme  case,  but  it  gives  one  some 
conception  of  the  enormous  supply  of  vapour  that  is 
necessary  in  order  to  produce  rainfall  on  an  extensive  scale. 

The  only  method  in  nature  whereby  this  cooling  can 
be  produced  on  a  scale  sufficiently  great  to  produce  exten- 
sive precipitation  is  to  force  the  air  to  rise  in  the  atmosphere. 
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Fig.  1 — Horizontal  and  Vertical  Section  of  an 
"Idealized  Cyclone." 

thus  cooling  it  at  the  rate  of  about  ZYi  degrees  per 
thousand  feet  of  elevation;  at  the  same  time  a  continuous 
supply  of  moist  air  has  to  be  provided.  How  can  this  air 
be  forced  to  rise  ?  One  of  the  familiar  means  by  which 
forced  ascension  can  take  place  is  that  of  moisture-laden 
winds  blowing  up  against  the  side  of  a  mountain.  Here 
the  mountain  compels  the  air  to  rise  and  thereby  cools  it, 
so  that  the  moisture  is  precipitated,  but  away  from  the 
mountain  we  must  have  something  in  the  atmosphere  itself 
that  will  take  the  place  of  the  mountain.    This  has  been 
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the  subject  of  long  investigation,  especially  of  the  condi- 
tions existing  in  the  upper  atmosphere,  and  as  a  result  we 
now  know  that  there  exist  in  the  temperate  regions  at  any 
rate  two  great  air  masses  or  air  currents.  They  are  known 
as  "the  polar  current"  or  polar  air  mass,  and  "the  tropical 
current"  or  tropical  air  mass.  Their  names  give  some  idea 
of  their  characteristics,  that  is,  the  polar  current  is  cold 
and  comparatively  dry,  as  it  originates  in  the  polar  regions; 
the  tropical  current,  coming  from  the  tropics,  is  warm  and 
generally  moist. 

While  these  are  the  distinguishing  features  of  the  two 
air  masses,  yet  each  may  be  sub-divided  into  a  great  many 
different  types,  according  to  their  origin  over  land  or  over 
water,  and  their  subsequent  history;  if  over  land,  they 
would  naturally  be  dry  whether  tropical  or  polar;  if  over 
the  water  they  would  contain  a  considerable  amount  of 
water  vapour  depending  of  course  on  the  temperature. 
These  currents  can  preserve  their  identity  for  a  long  time, 
being  gradually  modified  of  course  by  the  region  over 
which  they  are  passing.  Probably  their  most  striking 
feature  is  that  they  can  exist  side  by  side  for  great  distances 
without  any  appreciable  mixing. 

The  operation  can  be  explained  most  easily  by  means 
of  a  diagram  of  what  we  may  call  "the  idealized  cyclone." 
The  tropical  current,  by  some  means  which  is  not  yet 
understood,  forces  its  way  into  the  polar  air  current,  and 
once  this  action  is  set  up  it  goes  on  to  completion. 

As  the  cyclone  or  low  pressure  area  develops  we  find 
the  condition  illustrated  in  Fig.  1.  Here  the  tropical  air 
current  on  one  side  drives  into  the  polar  current  and  the 
line  of  intersection  is  known  as  "the  warm  front"  since  it 
is  the  warm  front  that  is  advancing  against  the  cold.  On 
the  other  side  of  the  tropical  current  the  polar  air  mass  is 
advancing  against  the  tropical  and  this  is  known  as  "the 
polar  front"  or  cold  front.  Some  idea  of  the  extent  of  this 
area  may  be  gained  from  the  knowledge  that  the  distance 
from  the  front  to  the  rear  of  the  idealized  cyclone  as  meas- 
ured along  the  line  A-B  may  exceed  1,000  miles. 

In  Fig.  1  the  tropical  current  drives  back  the  polar 
air  current  along  the  warm  front.  At  the  same  time  it 
runs  up  over  the  cold  current  which  may  be  likened  to 
an  enormous  wedge  with  a  slope  of  about  1  to  200  and 
impenetrable  to  the  warm  current  so  that  the  warm  current 
is  forced  to  flow  up  along  this  wedge.  It  is  easily  seen  what 
happens  as  the  current  advances  farther  and  farther  up 
the  slope.  The  warm  current  is  lifted  higher  and  higher 
until  first  there  is  cloud,  then  higher  still,  rain.  After  the 
rain  has  been  taken  out  we  get  the  higher  cloud,  the  alto, 
and  higher  stUl  the  cirrus,  thin  wispy  clouds  which  are 
often  seen  spreading  across  the  sky,  the  harbinger  of  an 
approaching  disturbance. 

It  is  thus  not  a  case  of  simply  lifting  up  the  air  over  the 
place  of  observation,  to  the  region  where  it  can  be  con- 
densed into  cloud  or  rain,  but  the  flowing  of  a  continuous 
supply  of  warm  moist  air  up  this  slope,  so  that  the  abun- 
dance of  rainfall  in  the  region  will  depend  on  the  amount 
of  moisture  in  the  air  and  the  degree  of  cooling  to  which 
it  is  subjected.  This  will  determine  whether  it  is  mere 
drizzle,  moderate  rain,  or  heavy  rain,  while  the  duration 
of  the  rainfall  will  depend  on  the  rate  at  which  the  polar 
air  current  is  driven  back. 

Thus  it  will  be  seen  that  in  such  cases  the  surface  air 
over  the  region  where  rain  is  falling  is  acting  as  the  wedge 
up  over  which  the  warm  moisture  laden  currents  are 
flowing  and  consequently  no  rain  can  be  obtained  out  of 
the  surface  air  and  thus  evaporation  at  the  place  plays  no 
part  in  the  rainfall  over  the  region. 

As  we  pass  back  along  the  line  B-A  into  the  tropical 
current  we  come  into  higher  temperature,  high  humidity. 


and  a  region  usually  very  muggy  and  oppressive,  even 
more  so  than  when  it  was  raining  in  the  warm  front  region. 
There  is  no  precipitation,  probably  no  cloud,  because  in 
this  region  there  is  nothing  that  will  force  the  ascension 
whereby  the  air  mass  may  be  cooled. 

As  we  pass  farther  westward  towards  A  we  come  to 
the  cold  advancing  front  which  impinges  against  the  warm 
current  and  undercuts  it,  forcing  the  warm  current  up  to 
enormous  heights  and  causing  tremendous  turbulence  in 
the  atmosphere.    It  is  generally  along  this  line  that  we  have 
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Fig.  2— Weather  map  for  June  28th  and  29th,  1933. 

showers,  violent  thunderstorms,  hailstorms  and  violent 
line  squalls. 

This  front  of  advancing  cold  air  has  a  slope  of  about 
1  in  100  with  a  sort  of  round  nose,  as  indicated  in  the 
diagram.  The  strip  is  comparatively  narrow,  and  as  it 
sweeps  by,  we  emerge  into  clear  polar  air. 

As  the  cold  advancing  front  arrives  suddenly  and 
undercuts  the  warm  tropical  current  it  might  appear 
as  if  here  is  a  place  where  evaporation  over  lakes,  ponds, 
sloughs  and  from  the  ground  generally,  would  play  an 
important  part  in  the  amount  of  precipitation  received. 
In  this  connection  it  must  be  remembered  that  there 
is  always  a  certain  amount  of  wind,  especially  in  the 
higher  levels,  and  the  moisture  is  thus  carried  away  as 
rapidly  as  it  is  evaporated,  probably  travelling  over  200 
miles  in  the  course  of  a  single  day.  If  it  could  possibly  be 
imagined  that  the  air  remained  perfectly  calm  for  a  space 
of  say  six  hours,  before  the  advent  of  the  cold  front,  it 
would  be  found  that  the  greatest  amount  of  evaporation 
that  could  occur  in  that  time  would  be  about  .06  of  an 
inch  from  a  free  water  surface,  and  very  much  less  from 
comparatively  dry  land.  Consequently,  even  admitting 
that  this  evaporation  was  returned  as  rainfall  to  the  surface, 
the  amount  would  be  infinitesimal,  in  fact  it  is  so  small 
that  it  would  be  evaporated  while  falling  through  the  air. 
This  however,  is  not  what  happens.  There  are  as  already 
stated  two  great  air  currents,  one  the  polar  and  the  other 
the  tropical.  Along  the  line  of  the  polar  front,  we  have  the 
meeting  of  two  strong  opposite  currents,  each  of  them 
converging  along  a  common  line,  and  it  is  this  piling  up 
of  the  air  from  both  directions  along  the  junction  that 
causes  such  a  tremendous  turbulence  in  the  atmosphere, 
giving  the  heavy  thunderstorms,  etc.,  that  are  often  ex- 
perienced. Thus  even  in  this  particular  case,  one  can  see 
that  evaporation  over  a  region  plays  no  part  whatever  in 
the  amount  of  precipitation  that  may  be  received. 

That  this  idealized  cyclone  which  has  just  been 
described  represents  what  is  actually  taking  place  in  the 
atmosphere  when  the  weather  systems  are  well  developed 
is  illustrated  in  Fig.  2,  which  shows  the  actual  meteorological 
conditions  existing  on  June  28th  and  29th,  1933,  in  the 
prairie  provinces.  During  the  summer  months  there  is  what 
is  called  a  "quasi  stationary  front"  which  extends  practically 
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across  the  continent,  a  portion  of  it  being  shown  in  Fig.  2, 
at  the  bottom  of  the  diagram.  This  front  moves  from 
north  to  south  in  the  eastern  part  but  there  is  very  little 
motion  in  the  western  part  especially  near  the  mountains. 
There  is  in  addition  to  that  in  the  summer  time  another 
frontal  system  which  moves  down  from  the  north  and 
ultimately  joins  up  with  it.  In  the  particular  cases  here 
given  on  the  28th  of  June  this  second  or  northern  front  is 
shown   in   Dakota,   the  warm   front   being  specially  well 


Fig.  3 — Average  Annual  Total  Precipitation  in  Inches. 

developed.  Here  the  warm  air  from  the  south  is  over- 
running the  cold,  so  much  so  that  it  has  given  rain  over 
the  hatched  area.  This  is  typical  of  what  is  shown  in  the 
northern  part  of  the  idealized  cyclone.  Notice  that  the 
temperature  in  the  rainfall  area  or  in  the  cold  air  mass 
is  comparatively  low,  whereas  in  the  region  to  the  south 
of  the  warm  front  it  is  high.  To  the  north  of  the  front 
the  winds  are  east,  north-east  or  north,  while  those  to  the 
south  are  generally  southerly  in  direction. 

On  this  particular  day  the  cold  front  was  not  definitely 
marked,  but  it  developed  during  the  next  twelve  hours  so 
that  the  weather  map  of  June  29th  looks  very  much  like 
the  diagram  for  the  idealized  cyclone.  Here  again  there  is 
a  tremendous  over-running  of  warm  air  over  the  cold,  so 
that  precipitation  has  actually  extended  as  far  north  as 
Edmonton  and  Jasper.  There  is  also  well  marked  rain  to 
the  east  of  the  warm  front,  but  most  of  it  is  to  the  north 
and  west.  The  wind  system  is  again  much  the  same,  and 
the  usual  marked  difference  of  temperature  between  the 
cold  and  the  warm  air  masses.  The  cold  air  mass  con- 
tributes practically  no  moisture  to  the  general  precipitation, 
as  it  forms  the  wedge  over  which  the  warm  and  moist  air 
current  from  the  south  is  running.  In  this  particular  storm 
there  was  very  general  and  heavy  rain  generally  without 
thunderstorms  over  all  the  region  represented  by  the 
hatched  area.  It  must  be  remembered  however  that  in 
all  systems  there  is  every  gradation  from  those  that  are 
well  marked  in  this  example  to  others  where  it  is  with 
great  difficulty  that  any  distinction  can  be  made  between 
the  air  masses.  Moreover,  much  of  the  rainfall  received 
in  the  prairies  is  of  the  cold  front  type  instead  of  the  warm 
front  as  illustrated  and  consequently  comes  more  frequently 
in  sudden  showers  than  in  any  other  way.  These  showers 
are  often  very  local;  just  what  sets  up  the  mechanism  in 
the  cold  front  region,  thus  starting  the  process  in  many 
different  places,  it  is  difficult  to  say.  There  are  probably 
local  topographical  features  involved,  and  it  is  usually  in 
the  place  where  there  is  greatest  instability  in  the 
atmosphere  causing  a  greater  uprising  of  the  air  currents 
when  the  cold  front  arrives.  Of  course,  hills  of  a  moderate 
size  would  be  very  favourable  for  starting  these  uprising 
currents  and  thus  accelerating  the  production  of  the  rain. 


In  these  cases  there  is  not  a  great  amount  of  moisture 
available  in  the  atmosphere,  and  consequently  we  do  not 
get  rain  on  a  very  extensive  scale.  It  must  be  remem- 
bered that  the  extent  of  the  rainfall  depends  on  the  amount 
of  moisture  in  the  tropical  current,  and  the  amount  of 
cooling  to  which  it  is  subjected.  In  the  case  where  there 
are  just  local  showers  it  is  probable  that  the  convective 
action  has  been  carried  far  enough  to  produce  the  shower, 
while  in  other  places  it  has  not  been  carried  sufficiently  far 
to  produce  rain. 

It  may  be  noted  further  that  the  prairie  area  forms 
one  of  the  most  interesting  regions  meteorologically  that 
there  is  for  the  study  of  weather  processes.  Mountains  to 
the  west  impose  such  a  great  barrier  on  the  advancing 
fronts  that  they  are  broken  up  at  the  surface  as  they  hit 
the  mountains  and  are  apparently  carried  across  high  up 
in  the  atmosphere,  and  thus  do  not  show  themselves  at  the 
earth's  surface  until  they  have  advanced  some  considerable 
distance  from  the  mountains.  This  is  a  subject  which  it  is 
hoped  to  investigate  very  specially  as  soon  as  the  necessary 
means  are  available  for  that  purpose. 

The  foregoing  is  an  attempt  to  explain  the  process  by 
which  precipitation  on  an  extensive  scale  is  produced. 
Unless  these  two  great  air  currents  meet  over  the  region, 
it  is  utterly  impossible  to  get  rainfall  of  any  account,  that 
is,  there  will  not  be  rainfall  of  any  appreciable  amount  in 
a  region  which  is  entirely  under  the  influence  of  either  the 
tropical  or  polar  current.  Thus  when  drought  conditions 
appear,  either  one  or  other  of  these  currents  is  very  weak, 
and  generally  this  is  the  polar  current,  so  that  the  prairies 
are  largely  under  the  domination  of  the  tropical  or  warm 
air  current  during  years  of  drought;  this  being  the  case, 
there  is  usually  more  moisture  in  the  air  per  cubic  foot 
than  there  is  in  years  of  good  rainfall,  but  as  there  is  no 
means  by  which  the  ascension  of  the  air  can  be  forced, 
there  is  in  consequence  no  precipitation.  This  also  explains 
why  as  you  go  north  in  the  prairies,  rainfall  becomes  more 
certain  and  droughts  much  less  frequent.  It  is  the  region 
where  the  tropical  and  polar  air  currents  meet  more  fre- 
quently. 
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Fig.  4 — Daily  Rainfall,  Maximum  Temperature,  Relative 
Humidity,  and  Prevailing  Wind  Direction. 

Having  discussed  the  cause  of  precipitation  and  the 
general  world  meteorological  conditions  that  exist  during 
years  of  drought  and  years  of  good  rainfall,  the  actual 
weather  conditions  over  the  prairie  provinces  will  now  be 
considered  very  briefly. 

In  Fig.  3  the  average  annual  precipitation  in  inches 
is  shown,  by  lines  for  every  2  inches  of  rainfall.  The 
hatched  area  represents  the  region  where  the  average  fall 
is  between  11  and  13  inches  and  the  double  hatched  less 
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than  11  inches.  It  is  shown  that  precipitation  varies  all 
over  the  world  from  year  to  year  and  generally  the  deficiency 
in  places  where  the  normal  rainfall  is  abundant  would  have 
no  very  serious  effect  but  in  places  where  it  is  scanty  it  is 
all  the  difference  between  j'cars  of  drought  and  years  of 
plenty.  Thus  there  is  the  rather  interesting  fact  that  the 
greatest  amount  of  precipitation  recorded  in  one  year  in 
Toronto  was  two  and  a  half  times  greater  than  the  lowest. 
This  same  ratio  holds  for  Qu'Appelle,  and  Swift  Current, 
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Fig.  5 — Daily  Rainfall,  Maximum  Temperature,  Relative 
Humidity  and  Prevailing  Wind  Direction. 


while  at  Prince  Albert  one  was  four  times  greater  than  the 
other.  This  being  the  common  experience  all  over  the  world 
one  must  expect  that  in  regions  where  normal  rainfall  is 
scanty  there  will  be  years  of  drought  and  years  of  plenty. 

Precipitation  in  the  prairie  provinces  is  generally  con- 
sidered to  be  the  all  important  meteorological  factor  in 
determining  the  character  of  the  year  as  regards  drought 
or  plenty,  but  there  is  also  to  be  considered  its  distribution 
in  time,  as  well  as  the  temperature,  wind  and  humidity. 
All  these  are  important  factors  in  determining  growing  con- 
ditions. 

In  order  to  illustrate  this,  two  years  have  been  selected, 
taking  Swift  Current  as  typical  of  the  region.  One  of  the 
best  years  was  1915,  and  Fig.  4  shows  day  by  day  for  the 
three  months,  May,  June  and  July,  the  rainfall,  maximum 
temperature,  relative  humidity  at  the  time  of  maximum 
temperature,  and  the  direction  of  the  wind  from  the  different 
quarters.  It  will  be  noticed  that  the  rainfall  was  frequent 
but  only  on  one  occasion  was  it  at  all  heavy.  Again  there 
were  no  high  temperatures,  the  thermometer  only  going 
above  80  degrees  Fah.  on  three  occasions.  Probably  the 
most  surprising  part  of  the  record  is  that  in  spite  of  the 
good  rainfall,  the  relative  humidity  was  fairly  low.  This, 
however,  is  to  be  expected,  as  in  this  year  the  prairies 
were  dominated  largely  by  polar  air  masses  which  as 
already  explained  have  usually  a  small  moisture  content. 
The  predominating  wind  direction  during  May  was  south- 
east and  during  the  other  months  northwest,  the  north- 
west winds  indicating  the  inflow  of  cool  air  from  the  Arctic. 
Thus  the  rainfall  was  just  about  normal  with  frequent  but 
not  heavy  showers  throughout  the  growing  season,  and  the 
temperature  was  low,  thus  providing  ideal  conditions  for  a 
good  crop. 

One  of  the  worst  years  on  record  was  1919  (Fig.  5). 
During  this  year  showers  were  very  light  and  infrequent 
and  only  on  two  occasions,  and  these  far  apart,  did  it 
exceed  .45  of  an  inch;  temperatures  were  high,  being  well 
over  90  degrees  for  nearly  two  weeks  in  June.     Notice 


however  the  rather  surprising  feature  that  the  humidity 
at  this  period  was  exceedingly  high,  contrary  to  general 
expectations.  It  indicates  an  inflow  of  warm,  tropical  air, 
but  as  the  polar  current  was  lacking  there  was  nothing 
to  force  the  ascension  and  thus  produce  rainfall.  There 
is  a  predominance  especially  during  July  of  westerly  winds, 
indicating  that  the  air  masses  were  coming  from  the  Pacific, 
and  in  these  Pacific  air  masses  the  humidity  was  quite  low. 

Many  more  examples  could  be  given  to  show  the 
difference  between  a  good  and  a  bad  crop  year,  but  they 
would  have  the  same  general  characteristics  as  shown  for 
the  years  1915  and  1919  at  Swift  Current. 

The  characteristics  then  of  a  good  year  are  frequent 
showers,  low  temperature,  moderate  to  low  humidity,  and 
a  prevalence  of  northwest  winds.  On  the  other  hand,  the 
characteristics  of  a  drought  year  are  infrequent  showers  or 
showers  so  light  as  to  be  of  little  use,  high  temperature, 
prevailing  southwest  and  west  winds  and  moderate  or  low 
humidity. 

When  rainfall  was  good  it  was  generally  felt  that  these 
conditions  would  continue.  Now  people  have  gone  to  the 
other  extreme,  and  the  question  is  being  asked,  are  droughts 
owing  to  the  cultivation  of  the  land  a  permanent  condition 
and  will  years  of  good  rainfall  never  return.  The 
only  answer  that  can  be  given  to  this  question  is  to  refer 
to  the  past  and  see  what  has  happened  before.  This  is 
generally  called  the  "trend  of  precipitation."  One  of  the 
best  means  to  show  this  is  to  take  the  five-year  moving 
mean.  This  mean  is  obtained  by  taking  five  consecutive 
years,  dividmg  by  five,  and  crediting  it  to  the  middle  year; 
then  dropping  the  first  year,  addmg  the  next  in  succession, 
dividing  by  five,  and  crediting  the  result  to  the  following 
year.  In  this  way  a  moving  mean  is  obtained.  It  sums  up 
the  average  rainfall  for  five-year  periods  and  it  thus  shows 
the  general  trend  of  the  precipitation  over  long  periods. 

This  moving  mean  for  Prince  Albert,  Swift  Current 
and  Qu'Appelle  is  shown  in  Fig.  6  for  the  period  for  which 
records  are  obtained,  amounting  to  about  fifty  years.  At 
Swift  Current  it  is  noticed  that  there  is  no  defmite  trend 
there  having  been  periods  of  good  rainfall  together  with 
periods  of  deficient  rain.  On  the  other  hand  at  Qu'Appelle 
from  about  1897  until  1925  the  rainfall  on  the  whole  was 
good  apart  from  occasional  bad  years,  but  since  that  time 
the  rainfall  has  been  on  the  whole  decreasing.  It  will  also 
be  noticed  that  from  the  beginning  of  the  observations  in 
the  early  80's  up  to   1897  there  was   deficient  rainfall. 


5  YEAR    MCM>jG    MEAN 


1690  1895  1900  1905  1910  1915  1920  (925  WW 

Fig.  6 — Five-Year  Moving  Mean. 

Prince  Albert  ever  since  1905  has  been  characterized  by 
rainfall  not  departing  very  much  from  normal. 

Another  method  of  indicating  precipitation  trends  is 
that  of  accumulated  excess  or  defect,  that  is  the  normal 
rainfall  for  the  period  is  taken  and  beginning  at  the  first 
year  the  deficit  or  excess  is  taken,  then  add  the  deficit  or 
excess  in  the  next  year  to  the  preceding  and  so  on.  In  this 
way  you  build  up  the  total  accumulation  or  deficiency  of 
rainfall  from  year  to  year.     It  must  be  remembered  in  this 
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connection,  however,  that  the  curve  must  end  on  the 
normal  line  for  the  last  year  of  the  series,  and  thus  it  only 
indicates  the  trend  of  the  rainfall. 

St.  Paul,  Minn.,  which  is  fairlj^  close  to  the  Canadian 
border,  is  one  station  that  has  a  long  record.  It  extends 
back  for  nearly  one  hundred  years.  In  Fig.  7  the  trend 
is  indicated  in  this  case  by  a  six-year  moving  mean  and 
accumulated  excess  or  defect.  There  was  a  period  previous 
to  about  1865  when  it  was  more  or  less  in  defect,  from 
1865  to  1883  in  excess,  in  defect  again  for  a  short  period 
up  to  about  1893,  then  a  fairly  long  period  up  to  1907 
and  since  that  time  it  has  been  hovering  around  normal. 

The  six-year  moving  mean  for  Qu'Appelle  has  been 
plotted  on  the  same  curve  to  show  its  similarity  during 
the  period  for  which  there  were  observations  from  Qu'Ap- 
pelle. The  normal  line  is  taken  as  the  same  in  both  cases, 
but  for  St.  Paul  the  normal  is  27  inches  while  for  Qu'Appelle 
it  is  18.6  inches.  It  illustrates  the  similarity  of  the  trend 
between  the  two  places.    Considering  the  variation  of  these 


curves,  it  will  be  seen  that  they  are  too  irregular  to  make 
any  deduction  from  them  as  to  the  future  prospects. 

There  has  always  been  much  discussion  as  to  the 
relationship  of  weather  to  the  sunspot  period.  There  is 
plotted  in  this  figure  the  excess  or  defect  of  rainfall  for 
each  sunspot  period  during  the  past  one  hundred  years. 
The  maximum  is  taken  as  the  zero  position  and  the  pre- 
cipitation is  plotted  for  one,  two,  three,  four,  five  and  six 
years  before  and  the  same  number  of  years  after  the 
maximum.  It  is  noticed  that  there  are  about  as  many  on 
one  side  of  the  normal  as  the  other,  a  sort  of  crowding 
together  during  the  periods  of  sunspot  maximum  when  the 
deficiency  or  excess  did  not  seem  to  be  as  great  except  in 
one  particular  year  and  a  widening  out  again  as  the  period 
approached  the  sunspot  minimum.  It  will  be  seen  from 
this  that  such  curves  could  not  with  safety  be  used  for 
any  forecasting  purposes,  although  the  smoothed  mean  for 
all  the  curves  would  indicate  a  slight  trend  of  rainfall  in 
excess  preceding  the  sunspot  maximum  and  a  deficiency 
for  a  few  years  following  it. 


Fig.  7 — One  Hundred  Years  of  Precipitation  at  St.  Paul,  Minnesota. 
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Surface  Water  Supply  and  Runoff  of  the  Prairie  Provinces 

J.  T.  Johnston,  M.E.I.C., 

Director,  Dominion  Water  Power  and  Hydrometric  Bureau,  Department  of  the  Interior,  Ottawa,  Ont. 

Paper  presented  at  the  General  Professional  Meeting  of  The  Engineering  Institute  of  Canada,  Toronto,  Ont., 

February  7th  and  8th,  1935. 

SUMMARY. — This  paper  analyzes  the  records  of  the  Dominion  Hydrometric  Survey  as  obtained  by  the  Dominion  Water  Power  and  Hydrometric  Bureau 
of  the  Department  of  the  Interior  during  the  past  twenty  years,  in  the  southern  half  of  the  three  prairie  provinces.  The  records  at  eitihteen  typical  stations 
have  been  analysed  in  such  a  manner  as  to  distinguish  between  the  runoff  of  the  mountain  areas,  the  foothill  areas,  the  prairie  and  drought  areas.  This 
permits  of  an  immediate  comparison  of  the  total  supply  from  year  to  year  and  by  cycles.  The  runoff  from  mountain  sources  has  been  fairly  consistent 
although  it  has  decreased  somewhat  during  the  past  six  years.  On  the  other  hand  the  runoff  from  prairie  sources  has  decreased  excessively  during  the  past 
six  years,  the  mean  of  these  years  being  only  from  twenty  to  thirty  per  cent  of  the  normal  quantity,  and  this  condition  has  been  even  more  accentuated  in  the 
drought  area. 


The  drought  conditions  which  have  obtained  in  the 
southern  and  central  areas  of  the  prairie  provinces  have 
concentrated  attention  upon  the  area  affected  and  upon 
the  various  factors  which  have  a  bearing  upon  the  situation 
as  a  whole.  From  the  very  nature  of  the  problem  the 
question  of  the  water  supply  available,  is  one  of  paramount 
interest. 

The  purpose  of  this  paper  is  to  analyze  the  run-off  con- 
ditions in  the  southern  half  of  the  three  prairie  provinces 
during  the  past  twenty  years.  The  period  of  twenty  years 
is  taken  because  hydrometric  records  at  some  of  the  gauging 
stations  are  incomplete  before  1914.  The  runoff  which  is 
studied  is  from  the  two  main  drainage  systems,  the  Sas- 
katchewan river  and  Red  river,  which — except  for  10,000 
square  miles  lying  along  the  international  border  and 
forming  a  part  of  the  Mississippi  Drainage  Basin — drain 
approximately  280,000  square  miles  of  the  area  extending 
from  the  Rocky  Mountains  to  Lake  Wmnipeg  and  from  the 
International  Boundary  to  the  54th  parallel.  The  attached 
map  covers  the  area  in  question  and  indicates  the  location 
of  the  hydrometric  stations,  the  records  of  which  are 
analyzed. 

Runoff  records  represent  simply  the  actual  runoff 
water  which  finds  its  way  by  river  and  stream  to  its  ultimate 


goal  in  the  ocean.  In  other  words,  it  is  the  residual  left 
from  the  sources  of  original  .supply,  after  losses  from 
seepage  and  evaporation  and  from  waters  used  in  the 
growth  of  vegetation  and  diverted  for  specific  purposes 
have  been  subtracted.  The  original  sources  of  supply  for 
the  area  in  question  are  the  ice-capped  Rocky  Mountains 
which  supply  a  very  constant  and  dependable  runoff 
throughout  the  summer  season,  and  the  precipitation 
which  falls  in  varying  amounts  from  month  to  month. 

It  is  recognized  that  this  paper  can  be  but  a  partial 
study  of  the  water  supply  of  the  area  in  question.  A  com- 
plementary study  of  the  meteorological  records  of  rain  and 
snowfall  is  necessary  to  properly  interpret  the  runoff 
figures  in  relation  to  all  sources  of  supply.  However,  the 
runoff  records  are  of  themselves  directly  indicative  of  water 
supply  conditions  as  they  obtain  and  as  they  are  available 
for  dependable  utilization,  and  their  study  provides  an 
essential  background  for  a  study  of  the  drought  conditions 
as  a  whole. 

Physic.\l  Characteristics  of  the  Prairie  Provinces  and  of  the 
Drought  Area 

As  might  be  expected  in  so  vast  an  area,  the  physical 
conditions  are  greatly  varied  and  consequently  exert 
different  influences  upon  the  runoff  in  different  sections. 
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Fig.  1 — Location  of  Hydrometric  Stations  in  Canada. 
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The  towering  snow-capped  peaks  of  the  Rocky  Moun- 
tains form  the  extreme  western  portion  of  the  area  under 
consideration  and  supply  the  source  of  the  Saskatchewan 
river  drainage  system.  From  the  mountain  area  the  land 
drops  through  a  rolling  foothill  region  through  the  park- 
like areas  of  eastern  Alberta,  merging  into  the  level  prairie 
region  of  Saskatchewan  and  then  into  the  lake  area  of 
Manitoba. 

The  runoff  from  the  mountain  area,  depending  upon 
climatological  conditions,  is  subject  to  quick  and  great 
fluctuations.  Floods  occur  regularly  in  May  and  June, 
after  which  the  flow  in  the  streams  gradually  decreases 
until  its  munimum  is  reached,  in  mid  winter.  The  glaciers 
and  perpetual  snows  provide  a  dependable  runoff  through- 
out the  warm  weather  season.  In  the  lower  mountain  and 
foothill  area  the  dense  tree  growth  and  thick  carpet  of 
vegetation  shields  the  snows  of  the  winters  from  the  spring 
sun,  retarding  the  runoff  and  decreasing  the  liability  of 
the  quick  and  great  changes  of  flow  found  in  the  mountain 
area.  From  the  areas  of  eastern  Alberta  the  runoff  is  very 
small — dependent  as  it  is  upon  local  precipitation. 

The  runoff  from  the  Saskatchewan  plains  which 
include  the  drought  area,  is  through  typical  prairie  streams. 
These  streams  flow  in  narrow  canyon-like  channels,  in 
places  300  feet  below  the  original  plains.     The  sparsely 


wooded  hillsides  and  valleys  offer  slight  resistance  to  the 
runoff  from  the  surrounding  area.  The  runoff  in  these 
prairie  sections,  dependent  on  the  local  precipitation,  is 
very  seasonable.  The  winter  snows  rapidly  melt  in  the 
warm  winds  and  rising  temperatures  of  the  spring  giving 
an  excessive  runoff  for  a  short  time.  The  runoff  quickly 
decreases  as  summer  approaches  and  is  only  revived  by  a 
heavy  local  rain. 

Dat.\  Available  for  Study 

During  the  past  twenty-five  years  the  Dominion 
through  the  Department  of  the  Interior  has  conducted  a 
survey  known  as  the  Dominion  Hydrometric  Survey  for 
the  systematic  collection  and  compilation  of  stream  flow 
of  the  prairie  provinces.  This  work  was  initiated  as  early 
as  1894  in  the  provinces  of  Alberta  and  Saskatchewan. 
In  the  early  years  it  was  conducted  on  a  small  scale  in 
connection  with  certain  irrigation  projects  and  was  con- 
fined to  summer  measurements.  In  the  spring  of  1909  the 
hydrometric  survey  of  the  Irrigation  Branch  was  organized 
on  a  modern  basis  and  the  systematic  collection  of  data 
pertaining  to  stream  flow  of  the  prairie  provinces  was 
begun.  In  1912  similar  work  was  initiated  by  the  then 
Dominion  Water  Power  Branch  in  the  province  of  Manitoba. 
In  1920  the  responsibility  for  the  Dominion  Hydrometric 


Table  I 

Northern  Alberta  and  Saskatchewan 

Table  of  Annual  Runoff  in  acre-feet  and  equivalent  depth  in  inches  per  square  mile  of  the  North  Saskatchewan  Elver  at 

Edmonton  and  Frince  Albert. 


Year 

Area 
10,495  square  miles 

Area 
46,100  square  miles 

Area 
35,605  square  miles 

Mountain  flow 

at  Edmonton 

acre-feet 

Inches 

per 

square  mile 

Flow 

at  Prince  Albert 

acre-feet 

Inches 

per 

square  mile 

Flow  from 

intervening  area 

acre-feet 

Inches 

per 

square  mile 

1 

2 

3 

4 

5 

6 

7 

1914-15 
16 
17 
18 
19 

8,470,000 
7,190,000 
7,130,000 
5,370,000 
4,080,000 

15.22 

13  26 

12.71 

9.59 

7.32 

9,940,000 
8,460,000 
8,420,000 
5,280,000 
4,270,000 

4.04 
3.44 
3.43 
2.16 
1.73 

1,470,000 

1,270,000 

1,290,000 

-      90,000 

+    190,000 

0.774 

0.665 

0.679 

-0.054 

+0.095 

5  year  Mean 

6,450,000 

11.62 

7,270,000 

2.96 

+    826,000 

0.432 

20 
21 
22 
23 

24 

6,010,000 
4,590,000 
4,470,000 
6,410,000 
5,220,000 

10.73 
8.20 
7.97 

11.46 
9.33 

7,770,000 
5,960,000 
4,970,000 
6,740,000 
5,430,000 

3.16 
2.41 
2.02 
2.74 
2.21 

1,760,000 

1,370,000 

500,000 

330,000 

210,000 

0.923 
0.719 
0.258 
0.176 
0.109 

5  year  Mean 

5,340,000 

9.54 

6,174,000 

2.51 

834,000 

0.437 

25 
26 
27 
28 
29 

6,930,000 
6,050,000 
7,570,000 
7,360,000 
4,030,000 

12.34 
10.83 
13.57 
13.15 
7.20 

7,080,000 
6,240,000 
8,770,000 
7,820,000 
4,240,000 

2.88 
2.54 
3.53 
3.18 
1.73 

150,000 
190,000 
1,200,000 
460,000 
210,000 

0.081 
0.100 
0.638 
0.244 
0.109 

5  year  Mean 

6,390,000 

11.42 

6,830,000 

2.77 

446,000 

0.236 

30 
31 
32 
33 
34 

4,440,000 
4,570,000 
5,900,000 
5,330,000 
4,190,000 

7.93 

8.16 

10.54 

9.52 

7.48 

4,790,000 
4,920,000 
6,580,000 
5,690,000 
4,590,000 

1.95 
2.00 
2.68 
2.31 
1.87 

350,000 
350,000 
680,000 
360,000 
400,000 

0.184 
0.184 
0.358 
0.189 
0.211 

5  year  Mean 

4,886,000 

8.53 

5,314,000 

2.16 

430,000 

0.225 

20  year  Mean 

5,766,000 

10.30 

6,398,000 

2.60 

677,500 

0  357 

1915-28  Mean 

6,203,000 

11.08 

6,940,000     . 

2.82 

800,000 

0.421 

1929-34  Mean 

4,778,000 

8.54 

5,135,000 

2.09 

392,000 

0.206 
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Survey  work  was  consolidated  under  the  service  now  known 
as  the  Dominion  Water  Power  and  Hydrometric  Bureau. 
With  the  transfer  of  the  natural  resources  to  the  prairie 
provinces  the  work  has  been  continued  by  the  bureau  under 
co-operative  arrangements  made  with  the  provinces. 

The  stream  flow  records  which  have  been  secured 
constitute  a  dependable  and  invaluable  record  of  the 
surface  water  supply  of  the  three  provinces. 

Basis  of  Study 

To  analyze  the  runoff  conditions  in  the  drought  area 
it  is  necessary  to  determine  the  flow  in  the  streams  derived 
from  other  areas. 

In  this  study,  the  runoff  from  the  mountain  and 
foothill  area  of  Alberta  is  determined  in  the  North  Sas- 
katchewan river  from  the  stream  flow  records  at  Edmonton  ; 
in  the  Red  Deer  river  by  those  at  Red  Deer;  in  the  Bow 
river  by  those  at  Bassano  and  in  the  Oldman  river  by  those 
at  Lethbridge.  The  runoff  from  the  prairies  of  eastern 
Alberta  is  found  in  the  records  of  the  Red  Deer  river  at 
Empress  and  the  South  Saskatchewan  river  at  Medicine 
Hat.  The  runoff  from  the  drainage  basin  of  the  Sas- 
katchewan river  in  western  Saskatchewan  is  found  from 
the  records  of  the  South  Saskatchewan  river  at  Saskatoon 
and  those  of  the   North  Saskatchewan   river  at   Prince 


Albert,  while  the  records  of  the  Saskatchewan  river  at 
The  Pas  give  the  runoff  from  the  whole  basin. 

The  records  of  Moose  Jaw  Creek  at  McCarthy's  farm 
near  Moose  Jaw  and  those  at  the  International  Boundary 
on  Lodge  Creek,  Battle  Creek  and  Frenchman  river  give 
typical  runoff  from  southwestern  Saskatchewan. 

The  runoff  from  the  central  and  eastern  parts  of 
Saskatchewan  and  southwestern  Manitoba  is  found  from 
the  records  of  the  Assiniboine  river  at  Millwood,  at  Brandon 
and  at  Headingly  and  of  the  Souris  river  at  Wawanesa. 
The  runoff  from  southern  Manitoba  is  found  in  the  records 
of  the  Red  river  at  Emerson. 

Before  proceeding  with  the  discussion  of  the  runoff 
conditions  found  from  these  stream  flow  records,  it  appears 
advisable  to  give  a  brief  description  of  the  individual 
drainage  basins. 

Saskatchewan  River 

The  Saskatchewan  river  may  be  considered  a  mountain 
stream  with  a  more  or  less  dependable  source  of  supply.  It 
consists  of  two  main  branches,  the  North  Saskatchewan 
and  the  South  Saskatchewan,  which  join  just  east  of  Prince 
Albert  to  form  the  main  Saskatchewan  river  which  empties 
into  Lake  Winnipeg. 


Table  II 

Central  Alberta 

Table  of  Annual  Runoff  in  acre-feet  and  equivalent  depth  in  inches  per  square  mile  of  the  Red  Deer  River  at 

Red  Deer  and  Empress. 


Area 
4,480  square  miles 

Area 
1,816  square  miles 

Area 
13,680  square  miles 

Year 

Mountain  flow 

at  Red  Deer 

acre-feet 

Inches 

per 

square  mile 

Flow 

at  Empress 

acre-feet 

Flow  from 

intervening  area 

acre-feet 

Inches 

per 

square  mile 

1 

2 

3 

4 

5 

6 

1914-15 
16 
17 
18 
19 

3,070,000 
2,780,000 
2,260,000 
1,120,000 
763,000 

12.85 

11.64 

9.49 

4.67 

3.19 

4,050,000 
3,740,000 
3,000,000 
1,310,000 
1,090,000 

980,000 
960,000 
740,000 
190,000 
330,000 

2.070 
1.938 
1.494 
0.258 
0.448 

5  year  Mean 

1,730,000 

8.37 

2,640,000 

640,000 

1.242 

20 
21 
22 
23 
24 

1,490,000 

795,000 

767,000 

1,700,000 

1,170,000 

6.21 
3.32 
3.21 
7.11 
4.91 

2,330,000 
1,100,000 
1,020,000 
1,870,000 
1,300,000 

840,000 
305,000 
253,000 
170,000 
130,000 

1.154 
0.421 
0.353 
0.231 
0.176 

5  year  Mean 

1,180,000 

4.95 

1,520,000 

340,000 

0.467 

25 
26 
27 
28 
29 

1,160,000 
1,770,000 
2,170,000 
2,240,000 
980,000 

4.83 
7.40 
9.10 
9.39 
4.10 

1,540,000 
2,270,000 
2,880,000 
3,230,000 
1,170,000 

380,000 
500,000 
710,000 
990,000 
190,000 

0.516 
0.679 
0.977 
1.357 
0.258 

5  year  Mean 

1,664,000 

6.96 

2,220,000 

560,000 

0.757 

30 
31 
32 
33 
34 

852,000 
746,000 
1,120,000 
780,000 
530,000 

3.57 
3.12 
4.69 
3.26 
2.22 

1,050,000 

982,000 

1,480,000 

1,030,000 

699,000 

198,000 
2.36,000 
360,000 
250,000 
169,000 

0.271 
0.323 
0.493 
0.343 
0.232 

5  year  Mean 

806,000 

3.37 

1,050,000 

243,000 

0.333 

20  year  Mean 

1,410,000 

5.20 

1,860,000 

450,000 

0.616 

1915-28  Mean 

1,660,000 

6.95 

2,200,000 

540,000 

0.740 

1929-34  Mean 

835,000 

3.49 

1,070,000 

235,000 

0.322 
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North  Saskatchewan  River 

The  North  Saskatchewan  river  draws  its  principal 
water  supply  from  the  eastern  slope  of  the  Rocky  Mountains 
between  the  52nd  and  53rd  parallels.  The  general  direction 
of  the  stream  is  easterly.  The  drainage  basin  is  bounded 
on  the  south  by  those  of  the  Red  Deer  and  South  Sas- 
katchewan rivers  and  on  the  north  by  those  of  the  Atha- 
baska    and    Churchill    rivers. 

For  a  study  of  the  runoff  conditions  in  the  North 
Saskatchewan  river,  the  basin  should  be  divided  into  three 
principal  areas,  but  because  the  records  at  Edmonton  and 
at  Prince  Albert  are  the  only  complete  records  of  flow  in 
the  river  for  the  twenty  years,  it  will  be  discussed  under 
two  areas. 

The  first  area  is  that  part  of  the  drainage  basin  above 
Edmonton  and  includes  the  mountains  and  foothill  area. 
From  this  section  which  contains  the  glaciers  and  the  per- 
petual snows  of  the  mountains  and  the  well  wooded  slopes 
of  the  foothills,  the  runoff  per  square  mile  is  greater  than 
from  any  other  section  of  the  basin. 

The  second  area  extends  from  Edmonton  to  Prince 
Albert.  Its  contribution  of  runoff  to  the  main  stream  is 
chiefly  through  the  Sturgeon  river  which  drains  the  wooded 
country  to  the  north,  the  Vermilion  and  Battle  rivers  which 


drain  the  park-like  lands  of  Alberta  and  the  prairie  lands 
of  Saskatchewan  south  of  the  main  stream. 

South  Saskatchewan  River 

The  South  Saskatchewan  river  also  draws  its  principal 
supply  from  the  eastern  slope  of  the  Rocky  Mountains 
through  its  main  tributaries,  the  Red  Deer,  the  Bow  and 
the  Oldman  rivers.  The  headwaters  of  this  river  extend 
from  the  52nd  parallel  to  south  of  the  International  Bound- 
ary. 

The  runoff  conditions  in  this  basin  are  somewhat 
similar  to  those  in  the  North  Saskatchewan  basin  and  may 
be  divided  into  the  three  areas,  although  because  of  the 
size  of  its  mountain  tributaries,  they  have  to  be  considered 
separately.  Considering  first  the  mountain  and  foothill 
areas;  the  mountain  flow  of  the  Red  Deer  is  determined 
at  the  town  of  Red  Deer;  the  mountain  and  foothill  flow 
of  the  Bow  river  at  Bassano;  and  the  mountain  flow  of  the 
Oldman  river  and  its  tributaries  at  Lethbridge.  The 
runoff  from  the  second  area,  or  that  section  of  the  drainage 
basin  in  Alberta  other  than  the  mountain  and  foothill 
section,  is  determined  at  Empress  and  Medicine  Hat.  The 
runoff  from  the  third  area,  that  is  to  say  the  open  prairie 
of  western  Saskatchewan,  is  recorded-  at  Saskatoon. 


Table  III 

Southern  Alberta 

Table  of  Annual  Runoff  in  acre-feet  and  equivalent  depth  in  inches  per  square  mile  of  the  Bow  River  at  Bassano,  the 
Oldman  River  at  Lethbridge  and  the  South  Saskatchewan  River  at  Medicine  Hat. 


Year 

Area 
7,613  square  miles 

Area 
6,710  square  miles 

Area 
14,373  square  miles 

Area 
20,600  square  miles 

Area 
6,277  square  miles 

Bow  River 

at  Bassano 

acre-feet 

Oldman  River 

at  Lethbridge 

acre-feet 

Total 

Mountain  Flow 

acre-feet 

S.  Saskatchewan 

at  Medicine  Hat 

acre-feet 

Flow  from 

intervening  area 

acre-feet 

Inches 

per 

square  mile 

1 

2 

3 

4 

5 

6 

7 

1914-15 
16 
17 
18 
19 

5,060,000 
5,880,000 
4,150,000 
2,150,000 
2,210,000 

3,410,000 
4,090,000 
3,-530,000 
2,100,000 
1,590,000 

8,470,000 
9,970,000 
7,680,000 
4,250,000 
3,800,000 

8,600,000 
9,770,000 
7,620,000 
4,620,000 
3,840,000 

+  130,000 
-200,000 
-  60,000 
-H  370,000 
-1-  40,000 

+0.388 
-0.597 
-0.176 
+  1.100 
+0.122 

5  year  Mean 

3,890,000 

2,940,000 

6,830,000 

6,890,000 

+  56,000 

+0.163 

20 
21 
22 
23 

24 

3,050,000 
2,240,000 
2,070,000 
3,780,000 
2,580,000 

2,660,000 
2,360,000 
2,240,000 
3,110,000 
1,970,000 

5,710,000 
4,600,000 
4,310,000 
6,890,000 
4,550,000 

5,890,000 
4,650,000 
4,200,000 
6,810,000 
4,450,000 

-1-180,000 
+  50,000 
-110,000 
-  80,000 
-100,000 

+0.543 
+0.149 
-0.326 
-0.244 
-0.299 

5  year  Mean 

2,740,000 

2,470,000 

5,210,000 

5,200,000 

-   12,000 

-0.041 

25 
26 
27 
28 
29 

2,940,000 
2,500,000 
4,200,000 
4,450,000 
2,510,000 

2,-520,000 
1,280,000 
4,840,000 
4,150,000 
2,460,000 

5,460,000 
3,780,000 
9,040,000 
8,600,000 
4,970,000 

5,470,000 
3,740,000 
9,180,000 
7,970,000 
4,810,000 

4-  10,000 
-  40,000 
-M  40,000 
-630,000 
-160,000 

+0  027 
-0.122 
+0.421 
-1.887 
-0.475 

5  year  Mean 

3,320,000 

3,050,000 

6,370,000 

6,230,000 

-136,000 

-0.407 

30 
31 
32 
33 
34 

2,140,000 
1,410,000 
2,950,000 
2,390,000 
2,380,000 

2,030,000 
879,000 
1,210,000 
2,080,000 
2,900,000 

4,170,000 
2,270,000 
4,160,000 
4,470,000 
5,280,000 

4,220,000 
2,470,000 
4,870,000 
5,000,000 
5,280,000 

-f-  50,000 

+  180,000 

710,000 

530,000 

+0.149 

+0.529 

2.121 

1.583 

5  year  Mean 

2,250,000 

1.820,000 

4,070,000 

4,370,000 

300,000 

0.891 

20  year  Mean 

3,050,000 

2,570,000 

5,620,000 

5,670,000 

+  50,000 

0.149 

1915-28  Mean 

3,380,000 

2,850,000 

6,230,000 

6,200,000 

-  30,000 

0.089 

1929-34  Mean 

2,300,000 

1,930,000 

4,230,000 

4,440,000 

210,000 

0.627 
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Main  Saskatchewan  River 

Below  the  junction  of  the  north  and  south  branches, 
the  main  Saskatchewan  river  passes  through  central  Sas- 
katchewan and  is  joined  near  The  Pas  by  the  Carrot  and 
Pasquia  rivers  which  drain  the  open  prairies  to  the  south 
of  the  river. 
Red  River 

The  Red  river  may  be  considered  as  a  typical  prairie 
stream,  whose  flow — because  the  source  of  supply  is  from  the 
winter  snows,  from  springs  and  from  prairie  areas  where  the 
precipitation  is  low — is  not  as  dependable  as  that  of  the 
Saskatchewan  river. 

The  Red  river,  one  of  the  most  important  flowing  in 
the  province  of  Manitoba,  has  its  source  near  the  central 
part  of  the  state  of  Minnesota.  It  crosses  the  Inter- 
national Boundary  at  the  town  of  Emerson  and  flows  in  a 
northerly  direction  to  empty  in  Lake  Winnipeg.  The 
drainage  basin  of  the  river  is  116,347  square  miles,  of  which 
50,500  are  in  Saskatchewan  and  23,300  are  in  Manitoba. 
As  the  Red  river  is  the  oldest  district  in  Manitoba  and 
practically  all  settled,  little  standing  timber  is  to  be  found. 

Assiniboine  River 

The  main  tributary  to  the  Red  river  in  Canada  and 
of  more  interest  in  this  discussion,  is  the  Assiniboine  river 


which  joins  the  main  stream  at  Winnipeg.  Its  source  is  in 
the  province  of  Saskatchewan  from  the  southeastern  slope 
of  Beaver  Hills.  It  flows  in  a  southeasterly  direction 
through  Saskatchewan  and  Manitoba.  Of  the  total 
drainage  area  of  the  Assiniboine  river,  37,700  square  miles 
are  in  Saskatchewan  and  13,050  square  miles  in  Manitoba. 
The  area  drained  varies  between  open  prairie  found  in  its 
southern  reaches  to  the  well  wooded  areas  in  Duck  and 
Riding  Mountains.  This  river  is  important  as  a  source  of 
water  supply  and  as  a  means  of  drainage  and  sewage 
disposal  in  the  most  densely  populated  part  of  Manitoba 
where  the  natural  water  supply  is  limited.  The  principal 
tributaries  to  the  Assiniboine  river  are  the  Qu'Appelle  and 
Souris  rivers. 
Moose  Jaw  Creek  and  Runoff  from  Cypress  Hills 

In  addition  to  the  two  main  drainage  systems,  two 
minor  representative  drainage  basins  of  differing  physical 
characteristics  in  southwestern  Saskatchewan  have  been 
investigated.  The  Moose  Jaw  creek,  a  tributary  to  the 
headwaters  of  the  Qu'Appelle  river,  drains  the  open  prairie 
south  of  Moose  Jaw,  and  its  runoff  is  entirely  dependent  on 
local  precipitation.  The  runoff  in  Lodge  Creek,  Battle 
Creek  and  Frenchman  river,  which  has  been  taken  as  from 
one  drainage  basin,  has  its  source  in  the  wooded  slopes  of 
the  Cypress  Hills. 


Table  IV 

Central  Saskatchewan 

Table  of  Annual  Runoff  in  acre-feet  and  equivalent  depth  in  inches  per  square  mile  of  the  Red  Deer  River  at  Empress,  of 

South  Saskatchewan  River  at  Medicine  Hat  and  Saskatoon. 


Year 

Area 
18,160  square  miles 

Area 
20,600  square  miles 

Area 
38,760  square  miles 

Area 
50,900  square  miles 

Ar 
12,140  sqii 

3a 

are  miles 

Red  Deer  River 

at  Empress 

acre-feet 

S.  Saskatchewan 

at  Medicine  Hat 

acre-feet 

Total 
acre-feet 

S.  Saskatchewan 

at  Saskatoon 

acre-feet 

Flow  from 

intervening  area 

acre-feet 

Inches 

per 

square  mile 

1 

2 

3 

4 

5 

6 

7 

1914-15 
16 
17 
18 
19 

4,050,000 
3,740,000 
3,000,000 
1,310,000 
1,090,000 

8,600,000 
9,770,000 
7,620,000 
4,620,000 
3,840,000 

12,650,000 

13,510,000 

10,620,000 

5,930,000 

4,930,000 

12,800,000 

14,600,000 

11,300,000 

6,110,000 

4,840,000 

150,000 

1,090,000 

680,000 

180,000 

-      90,000 

0.232 
0.991 
0.624 
0.278 
-0.136 

5  year  Mean 

2,280,000 

6,890,000 

9,170,000 

9,930,000 

402,000 

0.623 

20 
21 
22 
23 
24 

2,330,000 
1,100,000 
1,020,000 
1,870,000 
1,300,000 

5,890,000 
4,650,000 
4,200,000 
6,810,000 
4,450,000 

8,220,000 
5,750,000 
5,220,000 
8,680,000 
5,750,000 

8,520,000 
5,670,000 
5,640,000 
8,360,000 
5,920,000 

300,000 

-  80,000 
420,000 

-  320,000 
170,000 

0.462 
-0.014 

0.652 
-0.489 

0.258 

5  year  Mean 

1,520,000 

5,200,000 

6,720,000 

6,820,000 

100,000 

0.149 

25 
26 

27 
28 
29 

1,540,000 
2,270,000 
2,880,000 
3,230,000 
1,170,000 

5,470,000 
3,740,000 
9,180,000 
7,970,000 
4,810,000 

7,010,000 

6,010,000 

12,060,000 

11,200,000 

5,980,000 

7,300,000 

6,010,000 

13,100,000 

12,100,000 

6,450,000 

290,000 

1,040,000 
900,000 
470,000 

0.448 

1.601 
1.385 
0.719 

5  year  Mean 

2,220,000 

6,230,000 

8,450,000 

8,990,000 

540,000 

0.828 

30 
31 
32 
33 
34 

1,050,000 

982,000 

1,480,000 

1,030,000 

699,000 

4,220,000 
2,470,000 
4,870,000 
5,000,000 
5,280,000 

5,270,000 
3,450,000 
6,350,000 
6,030,000 
5,980,000 

5,460,000 
3,490,000 
6,690,000 
6,290,000 
6,150,000 

190,000 
40,000 
340,000 
260,000 
170,000 

0.299 
0.068 
0.525 
0.402 
0.263 

5  year  Mean 

1,050,000 

4,370,000 

5,420,000 

5,620,000 

200,000 

0.309 

20  year  Mean 

1,860,000 

5,670,000 

7,530,000 

7,840,000 

310,000 

0.479 

1915-28  Mean 

2,200,000 

6,200,000 

8,400,000 

8,730,000 

330,000 

0.510 

1929-34  Mean 

1,070,000 

4,440,000 

5,510,000 

5,760,000 

250,000 

0.386 
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Analysis  of  Records 

As  mentioned  in  the  foregoing  the  period  under  in- 
vestigation in  this  paper  is  a  twenty-year  period — from 
October  1st,  1914,  to  September  30th,  1934.  The  material 
is  compiled  by  water  years,  i.e.  each  year  extending  from 
and  inclusive  of  the  month  of  October  to  the  month  of 
September  in  the  following  year,  thus  taking  cognizance  of 
that  portion  of  each  season's  winter  precipitation  which  is 
held  in  frozen  form  to  augment  the  runoff  of  the  suc- 
ceeding season. 

In  the  tabular  matter  compiled  herein  records  have 
been  taken  for  the  full  water  year — October  to  September — 
on  the  main  streams.  On  the  tributaries  the  records 
tabulated  include  only  open  water  flow  during  AprU  to  the 
end  of  October,  while  on  the  Souris  river  they  only  include 
May  to  the  end  of  October. 

It  is  unfortunate  that,  as  a  result  of  the  curtailment  of 
field  operations  owing  to  the  administrative  retrenchment 
made  necessary  by  economic  conditions  in  the  past  few 
years,  continuous  runoff  records  are  not  available  at  a  few 
of  the  stations  involved  in  the  analysis.  Where  such 
records  were  missing  it  has  been  necessary  to  prepare  an 
estimate  of  the  flow  based  upon  such  records  as  were  to 
hand  backed  by  the  experienced  knowledge  of  the  hydro- 
metric  engineers  on  the  ground. 


For  the  purpose  of  presenting  the  material  in  a  form 
that  can  be  readily  studied  by  those  concerned  in  the 
drought  situation,  a  series  of  tables  has  been  prepared  and 
is  included  herewith.  The  runoff  has  been  compiled  in  the 
form  of  total  acre-feet  per  water  year  and  the  depth  in  inches 
per  square  mile  to  which  this  runoff  would  be  equivalent  if 
applied  to  the  area  drained.  This  permits  of  an  immediate 
comparison  of  the  total  supply  from  year  to  year,  and  by 
cycles. 

The  material  has  been  compiled  by  five-year  means 
in  order  that  general  comparisons  or  trends,  if  any,  may  be 
noted.  The  twenty-year  mean  is  also  recorded.  Following 
the  initial  tabulations  it  became  evident  that  in  certain 
areas  the  low  runoff  cycle  commenced  in  1929;  it  has  con- 
tinued for  the  last  six  years.  Taking  cognizance  of  this, 
the  tables  have  been  extended  to  record  the  mean  for  the 
fourteen  years  before  the  period  of  low  runoff  and  also  the 
mean  of  the  six  years  of  low  runoff. 

Comment  on  T  abides 

Tables  I  to  X,  inclusive,  deal  with  the  runoff  from  the 
various  individual  areas  under  review  and  show  the  areas 
in  square  miles,  the  annual  or  seasonal  runoff  in  acre  feet 
and  equivalent  depth  in  inches  per  square  mile  of  the 
drainage  basin  and  the  means  for  the  different  periods  men- 


Table  V 

Northern  Saskatchewan 

Table  of  Annual  Runoff  in  acre-feet  and  equivalent  depth  in  inches  per  square  mile  of  the  South  Saskatchewan  River  at 
Saskatoon,  the  North  Saskatchewan  River  at  Prince  Albert  and  the  Saskatchewan  River  at  The  Pas. 


Year 

Area 
50,900  square  miles 

Area 
46,100  square  miles 

Area 
97,000  square  miles 

Area 
149,500  sq.  miles 

Area 
52,500  square  miles 

S.  Saskatchewan 

at  Saskatoon 

acre-feet 

N.  Saskatchewan 

at  Prince  Albert 

acre-feet 

Total 
acre-feet 

Saskatchewan 

at  The  Pas 

acre-feet 

Flow  from 

intervening  area 

acre-feet 

Inches 

per 

square  mile 

1 

2 

3 

4 

5 

6 

7 

1914-16 
16 
17 
18 
19 

12,800,000 

14,600,000 

11,300,000 

6,110,000 

4,840,000 

9,940,000 
8,460,000 
8,420,000 
5,280,000 
4,270,000 

22,740,000 
23,060,000 
19,720,000 
11,390,000 
9,110,000 

23,980,000 
28,370,000 
27,240,000 
17,140,000 
12,270,000 

1,240,000 
5,310,000 
7,520,000 
5,750,000 
3,160,000 

0.443 
1.896 
2.686 
2.054 
1.129 

5  year  Mean 

9,930,000 

7,270,000 

17,200,000 

21,800,000 

4,600,000 

1.642 

20 
21 
22 
23 
24 

8,520,000 
5,670,000 
5,640,000 
8,360,000 
5,920,000 

7,770,000 
5,960,000 
4,970,000 
6,740,000 
5,430,000 

16,390,000 
11,630,000 
10,610,000 
15,100,000 
11,350,000 

19,320,000 
18,010,000 
17,490,000 
20,200,000 
13,910,000 

2,930,000 
6,380,000 
6,880,000 
5,100,000 
2,560,000 

1.045 
2.280 
2.451 
1.819 
0.914 

5  year  Mean 

6,820,000 

6,170,000 

12,990,000 

17,790,000 

4,800,000 

1.714 

25 
26 
27 
28 
29 

7,300,000 

6,010,000 

13,100,000 

12,100,000 

6,450,000 

7,080,000 
6,240,000 
8,770,000 
7,820,000 
4,240,000 

14,380,000 
12,250,000 
21,870,000 
19,920,000 
10,690,000 

17,870,000 
15,070,000 
27,060,000 
25,310,000 
11,590,000 

3,490,000 
2,820,000 
5,190,000 
5,390,000 
900,000 

1.252 
1.007 
1.854 
1.925 
0.326 

5  year  Mean 

8,990,000 

6,830,000 

15,820,000 

19,380,000 

3,560,000 

1.271 

30 
31 
32 
33 
34 

5,460,000 
3,490,000 
6,690,000 
6,290,000 
6,150,000 

4,790,000 
4,920,000 
6,580,000 
5,690,000 
4,590,000 

10,250,000 
8,410,000 
13,270,000 
11,980,000 
10,740,000 

11,660,000 
10,630,000 
18,440,000 
17,260,000 
18,220,000 

1,410,000 
2,220,000 
5,170,000 
5,280,000 
7,480,000 

0.504 
0.787 
1.846 
1.887 
2.671 

5  year  Mean 

5,620,000 

5,310,000 

10,930,000 

15,240,000 

4,310,000 

1.539 

20  year  Mean 

7,840,000 

6,400,000 

14,240,000 

18,550,000 

4,310,000 

1.639 

1915-28  Mean 

8,730,000 

6,940,000 

15,670,000 

20,230,000 

4,560,000 

1.629 

1929-34  Mean 

5,755,000 

5,135,000 

10,890,000 

14,630,000 

3,740,000 

1.336 
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tioned.  Table  XI  is  a  summary  of  the  first  ten  tables  and 
shows  the  runofT  in  inches  depth  per  square  mile  of  the 
drainage  basin  in  the  different  areas  studied. 

Table  XII  is  the  tabulation  of  the  mean  annual  water 
level  in  the  three  lakes,  Winnipegosis,  Manitoba  and 
Winnipeg. 

Saskatchewan  River  Basin 

An  analysis  of  the  tables  reveals  that  the  runoff  from 
the  first  or  mountain  area  was  fairly  consistent  during  the 
first  fourteen  years  of  the  twenty  years  record,  but  during 
the  last  six  years,  while  nearly  normal  in  the  North  Sas- 
katchewan basin,  dropped  to  59  per  cent  of  the  twenty-year 
mean  in  the  Red  Deer  basin  and  to  75  per  cent  in  the 
South  Saskatchewan. 

Table  I,  column  2,  indicates  that  the  flow  of  the  North 
Saskatchewan  river  at  Edmonton  during  the  past  six  years 
was  81  per  cent  of  the  twenty-year  mean  and  77  per  cent 
of  the  mean  of  the  preceding  fourteen  years.  Table  II, 
column  2,  indicates  that  the  flow  of  the  Red  Deer  river  at 
Red  Deer  during  the  last  six  years  was  59  per  cent  of  the 
twenty-year  mean  and  only  half  of  the  mean  for  the  pre- 
ceding fourteen  years.  Table  III  combines  the  flow  of  the 
flow  of  the  Bow  river  at  Bassano  with  that  in  the  Oldman 
river  at  Lethbridge,  and  column  4  indicates  that  this 
combined  flow  from  the  mountain  area,  during  the  last  six 


years  was  75  per  cent  of  the  twenty-year  mean  and  68 
per  cent  of  the  mean  for  the  preceding  fourteen  years. 

The  second  area  considered  on  the  North  Saskatchewan 
river  lies  between  Edmonton  and  Prince  Albert,  con- 
sequently, the  increment  between  these  stations  indicates 
the  runoff  from  eastern  Alberta  and  western  Saskatchewan. 
During  the  last  six  years,  this  increment  as  determined  in 
Table  I,  column  6,  was  only  58  per  cent  of  the  twenty-year 
mean  and  49  per  cent  of  the  mean  of  the  preceding  fourteen 
years. 

In  the  South  Saskatchewan  river  basin,  the  runoff 
from  the  second  area  considered,  which  is  in  central  and 
southern  Alberta,  is  shown  from  Table  II,  column  5,  and 
from  Table  III,  column  6. 

Table  II,  column  5,  indicates  that  the  mean  inflow  to 
Red  Deer  river  between  Red  Deer  and  Empress  during  the 
last  six  years  was  53  per  cent  of  the  twenty-year  mean  and 
44  per  cent  of  the  mean  of  the  preceding  fourteen  years. 

Table  III,  column  6,  indicates  that  the  mean  inflow  to 
the  South  Saskatchewan  river  from  the  drainage  area  in  the 
Bow  river  between  Bassano  and  Medicine  Hat  and  on  the 
Oldman  river  between  Lethbridge  and  Medicine  Hat  during 
the  last  six  years  was  considerably  greater  than  both  the 
twenty-year  mean  and  the  mean  for  the  preceding  fourteen 
years.    Column  6  also  indicates  that  the  mean  runoff  from 


Table  VI 

Southwestern  Saskatchewan 

Table  of  Open  Water  Runoff  in  acre-feet  and  equivalent  depth  in  inches  per  square  mile  of  Lodge  Creek,  Battle  Creek 

and  Frenchman  River  at  the  International  Boundary. 


Area 
797  square  miles 

Area 
726  square  miles 

Area 
1,875  square  miles 

Area 
3,398  square  miles 

Year 

Lodge  Cr. 
acre-feet 

Inches  per 
square  mile 

Battle  Cr. 
acre-feet 

Inches  per 
square  mile 

Frenchman  R. 
acre-feet 

Inches  per 
square  mile 

Total 
acre-feet 

Inches  per 
square  mile 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1915 
16 
17 
18 
19 

29,400 
55,300 
64,600 
57,100 
7,900 

0.692 
1.301 
1.520 
1.343 
0.186 

33,900 
93,400 
85,600 
54,300 
5,530 

1.271 
3.502 
2.211 
1.402 
0.143 

59,700 

216,000 

174,000 

71,700 

28,900 

0.597 
2.160 
1.740 
0.717 
0.289 

123,000 
364,700 
324,200 
183,100 
42,330 

0.678 
2.012 
1.789 
1.010 
0.233 

5  year  Mean 

42,900 

1.008 

54,500 

1.706 

110,000 

1.100 

207,400 

1.144 

20 
21 
22 
23 
24 

22,400 
23,200 
46,300 
18,900 
4,440 

0.527 
0.546 
1.089 
0.445 
0.104 

26,200 
19,500 
53,400 
16,900 
9,480 

0  677 
0.504 
1.379 
0.436 
0.245 

80,300 
47,900 
114,000 
93,200 
32,700 

0.803 
0.479 
1.140 
0.932 
0.327 

128,900 

90,600 

213,700 

129,000 

46,600 

0.711 
0.500 
1.179 
0.712 
0.257 

5  year  Mean 

23,000 

0.542 

25,100 

0.648 

73,600 

0.736 

121,700 

0.672 

25 
26 
27 
28 
29 

42,300 
10,100 
82,200 
39,000 
16,800 

0.995 
0.238 
1.934 
0.918 
0.395 

43,300 
7,110 
97,800 
48,600 
23,700 

1.118 
0.184 
2.526 
1.255 
0.612 

132,000 

55,600 

200,000 

107,000 

34,200 

1  320 
0.556 
2.000 
1.070 
0.342 

217,600 

72,810 

380,000 

194,600 

74,700 

1.190 
0.402 
2.096 
1.074 
0.412 

5  year  Mean 

38,100 

0.896 

44,100 

1.139 

105,800 

1.058 

188,000 

1.037 

30 
31 
32 
33 
34 

16,400 

489 

9,880 

12,600 

15,700 

0.489 
0.011 
0.220 
0.296 
0.330 

31,400 
2,450 
11,500 
14,400 
12,100 

0.811 
0.063 
0.297 
0.372 
0.312 

80,200 
11,600 
43,400 
33,100 
20,200 

0.802 
0.116 
0.434 
0.331 
0.202 

128,000 
14,540 
64,780 
60,100 
48,000 

0.731 
0.080 
0.364 
0.322 
0.265 

5  year  Mean 

11,000 

0.269 

14,400 

0.371 

37,700 

0.377 

63,100 

0.352 

20  year  Mean 

28,800 

0.678 

34,500 

0.891 

77,000 

0.770 

145,600 

0.803 

1915-28Mean 

35,900 

0.821 

42,500 

1.098 

94,000 

0.940 

172,400 

0.951 

1929-34Mean 

12,000 

0.282 

15,900 

0.411 

37,800 

0.378 

66,700 

0.358 
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this  area  for  the  period  1915  to  1928  is  a  negative  quantity, 
showing  that  the  losses  during  this  period  exceed  the  inflow. 
It  may  be  explained  that  the  large  irrigation  projects  in 
southern  Alberta  are  located  in  this  particular  area  and  the 
runoff  records  are  influenced  by  the  use  of  water  on  these 
irrigation  projects. 

The  increment  to  the  South  Saskatchewan  river 
between  Medicine  Hat  and  Saskatoon  is  contributed  from 
southwestern  Saskatchewan  and  has  been  fairly  consistent. 
Table  IV,  column  6,  shows  that  the  mean  of  this  increment 
during  the  last  six  years  was  80  per  cent  of  the  twenty-year 
mean  and  7G  per  cent  of  the  mean  of  the  preceding  fourteen 
years. 

The  inflow  to  the  main  stream  east  of  Prince  Albert 
as  seen  in  Table  V,  column  6,  has  been  fairly  consistent  as 
the  mean  for  the  last  six  years  was  87  per  cent  of  the  twenty- 
year  mean  and  82  per  cent  of  the  mean  of  the  preceding 
fourteen  years. 

Mississippi  River  Basin 

The  runoff  from  the  Cypress  Hills  as  determined  in 
Table  VI,  column  8,  during  the  last  six  years  was  45  per 
cent  of  the  twenty-year  mean  and  38  per  cent  of  the  mean 
for  the  preceding  fourteen  years.  The  records  show  that 
approximately  70  per  cent  of  the  open  water  flow  from  this 
basin  occurs  before  May. 


Red-Assiniboine  Basin 

The  mean  runoff  from  Moose  Jaw  creek  near  Moose 
Jaw  as  shown  in  Table  VII,  column  2,  during  the  last  six 
years  was  15  per  cent  of  the  twenty-year  mean  and  11  per 
cent  of  the  mean  of  the  preceding  fourteen  years,  while  the 
flow  of  1934  was  only  2  per  cent  of  the  twenty-year  mean. 
The  records  show  that  73  per  cent  of  the  runoff  from  this 
basin  occurs  before  May. 

From  the  Assiniboine  river  basin  may  be  determined 
the  runoff  conditions  in  eastern,  central  and  southeastern 
Saskatchewan  and  from  southwestern  Manitoba. 

The  runoff  during  the  open  water  period  from  south- 
eastern Saskatchewan  and  southwestern  Manitoba  is 
recorded  in  the  Assiniboine  river  at  Millwood.  The  mean 
runoff  from  this  area  as  indicated  in  Table  VIII,  column  2, 
during  the  last  six  years  was  39  per  cent  of  the  twenty-year 
mean  and  30  per  cent  of  the  mean  of  the  fourteen  preceding 
years. 

The  mean  runoff  from  the  Qu'Appelle  river  as  de- 
termined in  Table  VIII,  column  6,  during  the  last  six  years 
was  33  per  cent  of  the  twenty-year  mean  and  26  per  cent 
of  the  mean  of  the  preceding  fourteen  years,  while  the 
mean  runoff  from  the  Souris  river  at  Wawanesa  as  shown 
in  Table  VII,  column  4,  during  the  last  six  years  was  22 
per  cent  of  the  twenty-year  mean  and  16  per  cent  of  the 
mean  of  the  preceding  fourteen  years. 


Table  VII 

South  Eastern  Saskatchewan 

Table  of  Open  Water  Runoff  in  acre-feet  and  equivalent  depth  in  inches  per  square  mile  of  Moose  Jaw  Creek  near  Moose  Jaw 

and  Souris  River  at  Wawanesa. 


Area 
1,719  square  miles 

Area 
23,400  square  miles 

Year 

Moose  Jaw  Cr.  Moose  Jaw 
acre-feet 

Inches  per 
square  mile 

Souris  R.  at  Wawanesa 
acre-feet 

Inches  per 
square  mile 

1 

2 

3 

4 

5 

1915 
16 
17 
18 
19 

137 

101,400 

50,500 

15,400 

11,800 

0.001 
1.106 
0  552 
0.168 
0.126 

13,700 

313,000 

108,000 

25,100 

90,200 

0.011 
0.251 
0.086 
0.020 
0.072 

5  year  Mean 

35,800 

0.391 

110,000 

0.088 

20 
21 
22 
23 
24 

42,600 
4,860 
53,200 
68,300 
22,800 

0.465 
0.053 
0.580 
0.745 
0.249 

192,000 

44,800 

112,000 

288,000 

69,300 

0.154 
0.033 
0.090 
0.231 
0.056 

5  year  Mean 

38,400 

0.418 

141,000 

0.113 

25 
26 
27 
28 
29 

63,900 

5,350 

98,600 

24,300 

367 

0.697 
0.058 
1.075 
0.265 
0.004 

176,000 

25,900 

483,000 

316,000 

43,300 

0.141 
0.021 
0.387 
0.253 
0.034 

5  year  Mean 

38,500 

0.420 

209,000 

0.167 

30 
31 
32 
33 
34 

11,400 

1,700 

6,200 

7,050 

692 

0.124 
0.019 
0.068 
0.077 
0.008 

54,700 
1,230 
9,950 

42,400 
6,540 

0.044 
0.001 
0.008 
0.034 
0.005 

5  year  Mean 

5,400 

0.059 

23,000 

0.018 

20  year  Mean 

29,500 

0.322 

121,000 

0.097 

1915-28  Mean 

40,200 

0.431 

161,000 

0.129 

1929-34  Mean 

4,570 

0.050 

26,400 

0.021 
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The  runoff  of  the  Red  river  as  recorded  at  Emerson 
also  shows  a  falling  off  during;  the  last  six  years.  Table  X, 
column  2,  indicates  that  the  mean  of  the  last  six  years  was 
29  per  cent  of  the  twenty-year  mean  and  22  per  cent  of  the 
mean  of  the  preceding  fourteen  years. 
Manitoba  Lakes 

The  levels  of  Lake  Manitoba,  Lake  Winnipegosis  and 
Lake  Winnipeg  as  recorded  in  Table  XII,  during  the  last 
six  years  all  show  about  one  foot  lower  elevation  than  the 
mean  level  of  the  twenty-year  period  and  about  one  foot 
and  a  half  lower  than  the  mean  of  the  preceding  fourteen 
years. 

Summary 

The  foregoing  review  of  runoff  records  for  the  twenty- 
year  period  1914-1934  indicates  that  the  flow  of  streams 
having  mountain  supply  as  their  source,  such  as  the  trib- 
utaries of  the  Saskatchewan  river,  has  not  suffered  during 
the  recent  dry  years  to  anything  like  the  extent  experienced 


m  the  streams  fed  from  prairie  drainage  in  southern  Sas- 
katchewan and  southwestern  Manitoba. 

The  runoff  from  mountain  sources  has  been  fairly 
consistent,  and,  although  it  has  decreased  somewhat  during 
the  last  six  years,  an  average  of  approximately  80  per  cent 
of  normal  flow  has  been  maintained  in  these  years.  In 
other  words  the  snow-capped  mountain  areas  have  con- 
stituted a  fairly  dependable  source  of  supply  throughout 
the  drought  period,  to  the  river  systems  originating  therein. 

On  the  other  hand,  the  runoff  from  prairie  sources  has 
decreased  excessively  during  the  last  six  years,  the  mean  of 
these  years  being  from  20  per  cent  to  30  per  cent  of  normal 
quantity.  This  is  particularly  the  case  in  southern  Sas- 
katchewan and  southwestern  Manitoba  where  flows  in 
some  of  the  streams  during  the  open  water  period  of  1934 
have  been  as  low  as  5  per  cent  of  the  twenty-year  mean, 
and  all  streams  have  shown  an  extraordinary  diminution 
in  flow. 


Table  VIII 

East  Central  Saskatchewan 

Table  of  Open  Water  Runoff  in  acre-feet  and  equivalent  depth  in  inches  per  square  mile  of  the  Assiniboine  River  at 

Millwood  and  Brandon. 


Year 

Area 
7,590  square  miles 

Area 
34,500  square  miles 

Area 
7,590  square  miles 

Area 
26,910  square  miles 

Assiniboine  R. 

at  Millwood 

acre-feet 

Inches 

per 

square  mile 

Assiniboine  R. 

at  Brandon 

acre-feet 

Assiniboine  R. 

at  Millwood 

acre-feet 

Flow  from 

Qu'Appelle  R. 

acre-feet 

Inches 

per 

square  mile 

1 

2 

3 

4 

5 

6 

7 

1915 
16 
17 
18 
19 

113,000 
366,000 
504,000 
202,000 
237,000 

0.279 
0.904 
1.245 
0.499 
0.586 

200,000 
914,000 
856,000 
314,000 
414,000 

113,000 
366,000 
504,000 
202,000 
237,000 

87,000 
548,000 
352,000 
112,000 
177,000 

0.061 
0.382 
0.245 
0.078 
0.123 

5  year  Mean 

284,000 

0.703 

540,000 

284,000 

255,000 

0.178 

20 
21 
22 

23 

24 

544,000 
964,000 
1,400,000 
868,000 
224,000 

1.344 
2.381 
3.458 
2.144 
0.533 

795,000 
1,160,000 
1,990,000 
1,990,000 

654,000 

544,000 
964,000 
1,400,000 
868,000 
224,000 

251,000 
196,000 
590,000 
1,122,000 
430,000 

0.175 
0.136 
0.411 
0.782 
0.300 

5  year  Mean 

800,000 

1.972 

1,318,000 

800,000 

618,000 

0.361 

25 
26 
27 
28 
29 

452,000 
249,000 
843,000 
471,000 
177,000 

1.117 
0.615 
2.083 
1.164 
0.437 

1,180,000 

382,000 

1,890,000 

1,020,000 

301,000 

452,000 
249,000 
843,000 
471,000 
177,000 

728,000 
133,000 
1,047,000 
549,000 
124,000 

0.507 
0.092 
0.730 
0  382 
0.086 

5  year  Mean 

438,000 

1.083 

955,000 

438,000 

517,000 

0.359 

30 
31 
32 
33 
34 

145,000 
103,000 
128,000 
240,000 
198,000 

0.358 
0.254 
0.316 
0.593 
0.489 

308,000 
119,000 
176,000 
440,000 
346,000 

145,000 
103,000 
128,000 
240,000 
198,000 

163,000 

16,000 

48,000 

200,000 

148,000 

0.113 
0.011 
0.033 
0.160 
0.100 

5  year  Mean 

163,000 

0.502 

278,000 

163,000 

115,000 

0  083 

20  year  Mean 

421,000 

1.040 

772,000 

421,000 

351,000 

0.245 

1915-28  Mean 

531,000 

1.312 

983,000 

531,000 

452,000 

0.315 

1929-34  Mean 

165,000 

0.408 

282,000 

165,000 

117,000 

0.082 
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Table  IX 

SouTHEBN  Manitoba 

Table  of  Open  Water  Runoff  in  acre-feet  and  equivalent  depth  in  inches  per  square  mile  of  the  Assiniboine  River  at 
Brandon  and  Headingly  and  the  Souris  River  at  Wawanesa. 


Year 

Area 
34,500  square  miles 

Area 
23,400  square  miles 

Area 
57,900  square  miles 

Area 
62,760  square  miles 

Area 
4,860  square  miles 

Assiniboine  R. 

at  Brandon 

acre-feet 

Souris  R. 

at  Wawanesa 

acre-feet 

Total 
acre-feet 

Assiniboine  R. 

at  Headingly 

acre-feet 

Flow  from 

intervening  area 

acre-feet 

Inches 

per 

square  mile 

1 

2 

3 

4 

5 

6 

7 

1915 
16 
17 
18 
19 

147,000 
671,000 
744,000 
210,000 
239,000 

13,700 

313,000 

108,000 

25,100 

90,200 

161,000 
984,000 
852,000 
235,000 
329,000 

213,000 
1,140,000 
998,000 
328,000 
438,000 

52,000 
156,000 
146,000 

93,000 
109,000 

0  201 
0.602 
0.563 
0.359 
0.421 

5  year  Mean 

402,000 

110,000 

512,000 

623,000 

111,000 

0.429 

20 
21 
22 
23 
24 

675,000 

941,000 

1,720,000 

1,720,000 

522,000 

192,000 

44,800 

112,000 

288,000 

69,300 

867,000 

986,000 

1,832,000 

2,008,000 

591,000 

954,000 
1,096,000 
1,904,000 
2,211,000 

741,000 

87,000 
110,000 

72.000 
203,000 
150,000 

0.336 
0.424 
0.278 
0.783 
0.579 

5  year  Mean 

1,116,000 

141,000 

1,257,000 

1,381,000 

122,000 

0.480 

25 
26 
27 
28 
29 

698,000 
267,000 
1,590,000 
706,000 
222,000 

176,000 

25,900 

483,000 

316,000 

43,300 

874,000 

293,000 

2,073,000 

1,022,000 

265,000 

1,058,000 

398,000 

2,321,000 

1,259,000 

375,000 

184,000 
105,000 
248,000 
237,000 
110,000 

0.710 
0.405 
0.957 
0.914 
0.424 

5  year  Mean 

697,000 

209,000 

906,000 

1,082,000 

176,000 

0.682 

30 
31 
32 
33 
34 

186,000 
78,800 
134,000 
279,000 
186,000 

54,700 
1,230 
9,950 

42,400 
6,540 

241,000 
80,000 
144,000 
321,000 
193,000 

388,000 
133,000 
213,000 
429,000 
288,000 

147,000 
53,000 
69,000 

108,000 
95,000 

0  567 
0  204 
0,266 
0.417 
0.366 

5  year  Mean 

172,600 

23,000 

196,000 

290,000 

94,400 

0.364 

20  year  Mean 

597,000 

121,000 

718,000 

844,000 

126,000 

0.486 

1915-28  Mean 

775,000 

161,000 

936,000 

1,076,000 

140,000 

0.540 

1929-34  Mean 

181,000 

26,400 

207,400 

304,000 

96,600 

0.373 

Table  X 

SouTHEEN  Manitoba 

Table  of  Open  Water  Runoff  in  acre  feet  and  equivalent  depth  in  inches  per  square  mile  of  Red  river  at  Emerson  and 

Assiniboine  River  between  Brandon  and  Headingly. 


Year 

Area 
34,600  square  miles 

Area 
4,860  square  miles 

Red  River  at  Emerson 
acre-feet 

Inches  per 
square  mile 

Assiniboine  River — Inches  per 
square  mile 

1 

2 

3 

4 

1915 
16 
17 

18 
19 

1,740,000 

3,160,000 

710,000 

419,000 

1,240,000 

0.943 
1.712 
0.385 
0.227 
0.672 

0.201 
0.602 
0.563 
0.359 
0.421 

5  year  Mean 

1,454,000 

0.788 

0.429 

20 
21 
22 
23 
24 

991,000 
589,000 
891,000 
869,000 
415,000 

0.537 
0.319 
0.483 
0.471 
0.225 

0.336 
0.424 

0.278 
0.783 
0.579 

5  year  Mean 

751,000 

0.407 

0.480 
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Year 

Area 
34,600  square  miles 

Area 
4,860  square  miles 

Red  River  at  Emerson 
acre-feet 

Inches  per 
square  mile 

Assiniboine  River— Inches  per 
square  mile 

1 

2 

3 

4 

1925 
26 
27 

28 
29 

1,060,000 

482,000 

1,900,000 

1,020,000 

384,000 

0.574 
0.261 
1.030 
0.553 
0.208 

0.710 
0.405 
0.957 
0.914 
0.424 

5  year  Mean 

969,000 

0.515 

0.682 

30 
31 
32 
33 
34 

546,000 
135,000 
178,000 
180,000 
68,000 

0.285 
0.073 
0.096 
0.098 
0.037 

0.567 
0.204 
0.266 
0.417 
0.366 

5  year  Mean 

221,000 

0.118 

0.364 

20  year  Mean 

849,000 

0.460 

0.486 

1915-28  Mean 

1,106,000 

0.600 

0.540 

1929-34  Mean 

248,500 

0.135 

0.373 

Table  XI 

Summary 

Table  of  Runoff  in  depth  in  inches  per  square  mile  from  sections  of  Alberta,  Saskatchewan  and  Manitoba. 


Alberta 

Saskatchewan 

Year 

Table  I 

Table  II 

Table  III 

Table  V 

Table  IV 

Table  VIII 

Table  VIII 

Northern 

Central 

Southern 

Northern 

Central 

East  C 

entral 

1 

2 

3 

4 

5 

6 

7 

8 

1915 
16 
17 
18 
19 

0.774 
0.665 
0.679 
-0.054 
0.095 

2.070 
1.938 
1.494 
0.258 
0.448 

0.388 
-0.597 
-0.176 
+  1.100 

0.122 

0.445 
1.900 
2.674 
2.050 
1.127 

0.232 
0.991 
0.624 
0.278 
-0.136 

0.279 
0.904 
1.245 
0.499 
0.586 

0.061 
0.382 
0.245 
0.078 
0.123 

5  year  Mean 

0.432 

1.242 

0.163 

1.642 

0.623 

0.703 

0.178 

20 
21 
22 
23 

24 

0.923 
0.719 
0.258 
0.176 
0.109 

1.154 
0.421 
0.353 
0.231 
0.176 

0.543 

0.149 

-0.326 

-0.224 

-0.299 

1.032 
2.280 
2.443 
1.819 
0.882 

0.462 
-0.014 

0.652 
-0.489 

0.258 

1.344 
2.381 
3.458 
2.144 
0.533 

0.175 
0.136 
0.411 
0.782 
0.300 

5  year  Mean 

0.437 

0.467 

-0.041 

1.697 

0.149 

1.972 

0.361 

25 
26 
27 
28 
29 

0.081 
0.109 
0.638 
0.244 
0.109 

0.516 
0.679 
0.977 
1.357 
0.258 

0.027 
-0.122 
+0.421 
-1.887 
-0.475 

1.249 
1.004 
1.860 
1.859 
0.326 

0.448 

1.601 
1.385 
0.719 

1.117 
0.615 
2.083 
1.164 
0.437 

0.507 
0.092 
0.730 
0.382 
0.086 

5  year  Mean 

0.236 

0.757 

-0.407 

1.262 

0.828 

1.083 

0.359 

30 
31 
32 
33 

34 

0.184 
0.184 
0.358 
0.189 
0.211 

0.271 
0.323 
0.493 
0.343 
0.232 

+0.149 

+0.529 

2.121 

1.583 

0.502 
0.787 
1.846 
1,887 
2.671 

0.299 
0.068 
0.525 
0.402 
0.263 

0.358 
0.254 
0.316 
0.593 
0.489 

0.113 
0.011 
0.033 
0.160 
0.100 

5  year  Mean 

0.225 

0.333 

0.891 

1.539 

0.309 

0.502 

0.083 

20  year  Mean 

0.357 

0.616 

0.149 

1.539 

0.479 

1.040 

0.245 

1915-28  Mean 

0.421 

0.740 

0.089 

1.629 

0.510 

1.312 

0.315 

1929-34  Mean 

0.206 

0.322 

0.627 

1.336 

0.386 

0.408 

0  082 
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Table  XI — Continued 

Summary 
Table  of  Runoff  in  depth  in  inches  per  square  mile  from  sections  of  Alberta,  Saskatchewan  and  Manitoba 


Saskatchewan 

Manitoba 

Year 

Table  VI 

Table  VII 

Table  VII 

Table  IX 

Table  X 

S.  Western 

S.  Eastern 

S.  Eastern 

Southern 

N.  Dakota 

9 

10 

11 

12 

13 

1915 
16 
17 
18 
19 

0.678 
2.012 
1 .  7S9 
1.010 
0.233 

0.001 
1.106 
0.552 
0.168 
0.126 

0.011 
0.251 
0.086 
0.020 
0.072 

0.201 
0.602 
0 .  563 
0.359 
0.421 

0.943 
1.712 
0.385 
0.227 
0.672 

5  year  Mean 

1.144 

0.391 

0.088 

0.429 

0.788 

20 
21 
22 
23 
24 

0.711 
0.500 
1.179 
0.712 
0 .  257 

0.465 
0.053 
0.580 
0.745 
0.249 

0.154 
0.033 
0.090 
0.231 
0.056 

0.336 
0.424 
0.278 
0.783 
0.579 

0 .  537 
0.319 
0.483 
0.471 
0.225 

5  year  Mean 

0.672 

0.418 

0.113 

0.480 

0.407 

25 
26 

27 
28 
29 

1.190 
0.402 
2.096 
1.074 
0.412 

0.697 
0.058 
1.075 
0.265 
0.004 

0.141 
0.021 
0.387 
0.253 
0.034 

0.710 
0.405 
0.957 
0.914 
0.424 

0.574 
0.261 
1.030 
0.553 
0.208 

5  year  Mean 

1.037 

0.420 

0.167 

0.682 

0.515 

30 
31 
32 
33 
34 

0.731 
0.080 
0.364 
0.322 
0.265 

0.124 
0.019 
0.068 
0.077 
0.008 

0.044 
0.001 
0.008 
0.034 
0.005 

0.567 
0.204 
0.266 
0.417 
0.366 

0.285 
0.073 
0.096 
0.098 
0.037 

5  year  Mean 

0.352 

0.059 

0.018 

0.364 

0.118 

20  year  Mean 

0.803 

0.322 

0.097 

0.486 

0.460 

1915-28  Mean 

0.951 

0.431 

0.129 

0.540 

0.600 

1929-34  Mean 

0.362 

0.050 

0.021 

0.373 

0.135 

Table  XII 

Lake  Levels 

Table  of  mean  annual  lake  level,  referred  to  sea  datum,  of  Lake  Manitoba,  Lake  Winnipegosis  and  Lake  Winnipeg. 


Year 

Lake  Manitoba 
feet 

Lake  Winnipegosis 
feet 

Lake  Winnipeg 
feet 

1 

2 

3 

4 

1914-15 
16 
17 
18 
19 

812.39 
811.89 
811.88 
811.87 
811.78 

831.21 
830.53 
831.53 
831 . 51 
830.51 

711.51 
712.46 
713.78 
712.68 
711.68 

5  year  Mean 

811.96 

831.06 

712.42 

20 
21 
22 
23 
24 

811.30 
811.18 
812.20 
813.20 
813.04 

830.56 
830.90 
832.80 
832.77 
832.23 

711.68 
711.78 
712.34 
712.03 
711.83 

5  year  Mean 

812.18 

831.85 

711.93 

25 
26 
27 
28 
29 

812.72 
812.45 
812.20 
812.58 
811.89 

831.67 
831.62 
831.21 
832.09 
830.69 

711.59 
712.10 
713.38 
714.45 
712.67 

5  year  Mean 

812.37 

831.46 

712.84 
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Year 

Lake  Manitoba 
feet 

Lake  Winnipegosis 
feet 

Lake  Winnipeg 
feet 

1 

2 

3 

4 

1930 
31 
32 
33 

34 

811.18 
810.73 
811.30 
810.43 
810.39 

829.87 
829 . 58 
829.38 
829.50 
830.46 

710.74 
710.16 
710  07 
710.68 
711.48 

5  year  Mean 

810.81 

829.76 

710.63 

20  year  Mean 

811.83 

831.03 

711.95 

1915-28  Mean 

812.19 

831.51 

712.38 

1929-34  Mean 

810.99 

829.91 

710.97 

Some  Possible  Sources  of  Ground  Water  in  Southern 

Saskatchewan 

R.  T.  D.  Wickenden* 

Assistant  Geologist,  Geological  Survey  of  Canada,  Ottawa,  Onl. 

Paper  presented  at  the  General  Professional  Meeting  of  The  Engineering  Institute  of  Canada,  Toronto,  Ont.,  Feb  7thand  8th,  1935. 

SUMMARY — Possible  sources  of  ground  water  in  southern  .Saskatchewan  are  from  some  of  the  bedrock  formations  and  in  places  from  the  glacial  drift 
and  recent  alluvium.  Bedrock  formations  that  are  known  to  yield  water  are  mostly  confined  to  the  western  and  southern  parts  of  the  province.  The  water 
from  some  of  them  is  mineralized.  The  water  in  the  surface  deposits  or  glacial  drift  occurs  in  buried  stream  channels,  in  sand  and  gravel  beds  covered  by 
lake  clay  or  boulder  clay,  in  glacial  outwash  and  gravel  and  in  recent  alluvium  in  the  present  stream  valleys.  In  places  artesian  water  occurs  in  sands  and 
gravels  overlain  by  clay. 


The  study  of  ground  water  problems  in  southern 
Saskatchewan  has  been  a  subject  of  investigation  by  the 
Geological  Survey  for  several  years.  Thus  far  a  preliminary 
study  has  been  made;  the  surface  deposits  and  bedrock 
formations  have  been  mapped  and  detailed  surveys  made 
of  areas  around  Moose  Jaw,  Regina  and  the  district  covered 
by  the  Rush  Lake  sectional  sheet  and  part  of  the  Elbow 
sheet.  The  area  around  Regina  was  studied  by  Professor 
Howard  E.  Simpson. *     W.  A.  Johnston^  and  the  present 


*Published  with  the  permission  of  the  Director,  Bureau  of  Economic 
Geology,  Department  of  Mines,  Ottawa. 

1  Simpson,  Howard  E.,  Geol.  Surv.  Canada  Summ.  Kept.  1929, 
pt.  B.,  pp.  65-111  (1930). 

2  Johnston,  W.  A.,  and  Wickenden,  R.  T.  D.,  Geol.  Surv.  Summ. 
Kept.  1930,  pt.  B.  pp.  50-65  (1931). 


author  reported  on  the  underground  water  conditions  in 
the  vicinity  of  Moose  Jaw.  Two  reports  by  D.  C.  Maddox^ 
described  ground  water  conditions  in  the  Rush  Lake  sheet 
and  the  eastern  part  of  the  Elbow  sheet. 

Most  of  the  information  used  in  this  paper  has  been 
obtained  by  the  author  while  mapping  the  surface  deposits 
between  longitude  102  degrees  to  109  degrees  and  latitude 
49  degrees  to  52  degrees.  These  are  practically  the  limits 
of  the  area  referred  to  as  southern  Saskatchewan  in  this 
paper.  W.  A.  Johnston^  in  his  report  on  the  Winnipeg 
map  area  has  reported  on  the  district  between  the  Saskat- 
chewan-Manitoba boundary  and  the  second  meridian. 

3~Maddox,  D.  C,  Geol.  Surv.  Summ.  Rept.  1931,  pt.  B.,  pp. 
58-71,  1932;  Ibid.  1932,  pt.  B.,  pp.  75-89  (1933). 

4  Bureau  of  Economic  Geology,  Ottawa,  Mem.  174,  1934. 
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Fig.  1 — Sketch  Map  of  Southern  Saskatchewan:  shaded  area  underlain  by  Ravenscrag  and  Tertiary  Formations;  broken  Une 
indicates  approximate  eastern  limit  of  area  in  which  water  bearing  sands  occur  in  the  Belly  River  and  Bearpaw  Formations. 
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The  present  paper  gives  only  a  general  account  of  the 
modes  of  occurrence  of  ground  water  in  parts  of  the  region. 
Much  more  work  needs  to  be  done  before  it  will  be  possible 
to  state  in  what  areas  water  may  be  obtained  by  drilling 
and  in  what  areas  it  is  not  possible.  It  is  known  that  in 
some  areas  little  or  no  water  is  obtainable  by  drilling. 
Bedrock  Waters 

Ground  waters  in  southern  Saskatchewan  may  be  con- 
sidered as  belonging  geologically  to  two  general  classes: 
those  that  occur  in  the  bedrock  and  those  that  occur  in 
the  glacial  drift  and  recent  alluvium.  The  term  bedrock 
as  used  in  this  paper  refers  to  the  formations  of  fairly 
uniform  character  and  wide  distribution  that  underlie  the 
glacial  drift.  These  formations  are  not  made  of  hard  rock 
such  as  one  finds  in  many  areas,  but  rather  of  soft  clay 
shales  or  partially  cemented  or  loose  sands. 

Bedrock  waters  occur  in  the  formations  of  late  Mesozoic 
or  early  Tertiary  age  such  as  the  Cypress  Hills,  Ravenscrag, 
Whitemud,  Eastend  and  in  slightly  older  rocks  of  Belly 
river  and  Bearpaw  age.  The  distribution  of  the  Ravenscrag 
and  Tertiary  formations  is  shown  on  Fig.  1.  The  Whitemud 
and  Eastend  formations  are  practically  confined  to  the  same 
areas.  So  far  as  known  at  present  potable  water  in  the 
bedrock  occurs  chiefly  in  the  western  and  southern  parts 
of  the  province  in  the  Belly  river  and  younger  formations. 

In  the  central  and  eastern  parts  of  the  province  the 
bedrock  waters  in  wells  that  have  been  drilled  are  scanty 
owing  to  the  fact  that  the  bedrock  consists  almost  entirely 
of  shale  to  a  considerable  depth,  or  the  waters  have  such 
a  high  mineral  content  that  they  are  not  used  for  drinking 
except  locally  by  mixing  them  with  good  water. 

The  oldest  formations  that  are  known  to  carry  potable 
water  are  the  Belly  river  and  the  Bearpaw.  In  Fig.  1  the 
approximate  eastern  limit  of  the  area  in  which  water  may 
be  found  in  the  Belly  river  and  Bearpaw  formations  is 
indicated  by  a  broken  line.  In  the  vicinity  of  the  Canadian 
Pacific  Railway  line  between  Notukeu  and  Valmarie,  at 
Climax  and  at  Bracken,  water  can  be  obtained  from  a 
sand  that  probably  is  at  the  top  of  the  Belly  river  series. 
At  Climax  this  water  is  used  but  at  Bracken  the  mineral 
content,  consisting  chiefly  of  sodium  sulphate  and  sodium 
carbonate,  is  so  high  that  the  water  is  not  considered  to 
be  usable  by  the  town.  The  source  for  the  water  at  this 
horizon  probably  is  a  long  distance  to  the  west.  This 
seems  to  be  indicated  by  the  high  mineral  content  of  the 
water.  It  is  probable  that  water  can  be  obtained  at  this 
horizon  in  the  area  to  the  west  of  Climax  but  the  depth  of 
drilling  in  many  places  may  involve  too  great  an  expense 
for  individuals. 

In  the  vicinity  of  Rosetown  and  Herschel  there  are  a 
number  of  deep  wells  that  yield  water  from  the  Belly  river 
formation.  At  Rosetown  the  water  is  reached  at  a  depth 
of  600  to  800  feet,  and  occurs  in  very  fine  sand.  In  some 
places  shale  occurs  with  the  sand  and  the  amount  of  water 
obtainable  is  very  small.  Screens  are  easily  clogged  because 
of  the  presence  of  very  fine  sand.  The  water  in  one  of 
the  wells  rose  to  9  feet  from  the  surface  and  in  another 
to  120  feet  from  the  surface.  It  probably  enters  the  sand 
in  higher  areas  to  the  west  where  formations  of  Belly  river 
age  are  exposed  at  the  surface. 

At  Herschel  a  well  drilled  for  oil  and  gas  passed  through 
an  artesian  water  horizon  at  190  feet.  Beds  of  the  Belly 
river  series  are  exposed  at  the  surface  near  Herschel  and  it 
is  probable  that  the  water  horizon  is  in  this  series.  Prob- 
ably water  can  be  obtained  from  the  bedrock  throughout 
the  Herschel  and  Rosetown  districts.  The  water,  however, 
contains  sodium  carbonate  and  this  renders  it  practically 
useless  for  irrigation.  In  the  district  around  Mawer  and 
north  to  Hanley  and  west  to  Kyle  water  has  been  found 
in  horizons  that  are  either  in  the  Belly  river  formation  or 
in  the  lower  part  of  the  Bearpaw.   A  detailed  description 


of  these  occurrences  has  been  given  by  Johnston'  and  by 
Maddox  in  reports  already  referred  to. 

Little  is  known  as  to  the  possibilities  of  obtaining 
water  in  formations  of  Bearpaw  or  Belly  river  age  to  the 
east  of  the  areas  mentioned.  Apparently  to  the  east  the 
sands  of  these  formations  are  replaced  by  shale  to  a  great 
extent  so  that  they  may  not  be  water-bearing  or  the  water 
may  have  too  great  a  mineral  content  to  be  potable. 

A  number  of  sand  horizons  occur  in  the  formations 
above  the  Bearpaw.  The  Eastend  formation  is  a  fine  sand 
which  may  carry  water  in  some  places,  but  the  sand  is  so 
fine  that  the  flow  of  water  from  it  probably  would  be  very 
slow.  There  may  be  some  wells  that  get  water  from  this 
horizon  but  they  are  not  known  to  the  author.  In  many 
places  where  the  formation  is  present  and  might  serve  as 
a  water-bearing  horizon,  younger  beds  that  are  much  more 
porous  are  present  and  there  is  no  need  of  drilling  through 
these  beds  into  the  Eastend  formation. 

Sands  in  the  Whitemud  formation  may  carry  some 
water  in  localities  where  they  have  not  been  changed  to 
kaolinized  sandstones.  It  is  difficult  to  tell  whether  this 
formation  or  a  similar  looking  sand  in  the  Ravenscrag  is 
the  water-bearing  horizon  in  some  areas  in  the  south- 
western part  of  the  province. 

The  Ravenscrag  formation  furnishes  water  of  good 
quality  in  many  places  in  the  southwestern  part  of  the 
province.  The  water  is  generally  soft  due  to  the  presence 
of  sodium  carbonate  so  that  it  is  useless  for  irrigation. 
Generally  the  water  is  found  at  the  top  of  coal  seams  and 
in  some  places  small  streams  issue  from  sands  overlying 
coal  seams.  There  are  slight  structures  in  the  Ravenscrag 
and  where  the  top  of  an  anticline  occurs  there  is  likely  to 
be  no  water.  This  is  very  good  for  coal  mining  but  un- 
fortunate for  a  rancher  or  farmer  who  happens  to  be 
situated  on  one  of  these  structures. 

Drilling  in  the  Ravenscrag  generally  presents  no 
difficulties  and  in  most  places  water,  if  present,  can  be 
reached  within  200  to  400  feet  from  the  surface. 

Stansfield'  outlined  an  area  in  which  water  might 
be  found  in  the  bedrock  as  lying  south  and  west  of  a  line 
from  Stoughton  to  Trossachs  and  from  Trossachs  to  But- 
tress. Much  of  the  country  west  of  the  boundary,  as  shown 
in  Fig.  1,  is  not  underlain  by  Ravenscrag  (called  Fort 
Union  by  Stansfield).  The  western  boundary  is  about  on 
a  line  from  Assiniboia  to  the  eastern  end  of  Lake  Johnston 
and  extends  west  along  the  northern  part  of  the  Wood 
Mountain  highland  to  north  of  Valmarie.  In  much  of  the 
country  in  the  vicinity  of  Gravelbourg  and  along  the 
Canadian  Pacific  Railway  line  between  Assiniboia  and 
Scotsguard  there  is  no  worthwhile  water-bearing  horizon 
in  the  bedrock  so  far  as  known.  In  the  vicinity  of  Shauna- 
von  and  south  as  far  as  the  Frenchman  river  and  south 
of  the  Frenchman  river  for  about  twelve  miles  the  country 
is  underlain  by  Ravenscrag  beds  which  carry  water.  West 
from  Eastend  and  in  the  area  covered  by  the  Cypress  Hills 
the  Ravenscrag  also  contains  water-bearing  horizons.  The 
Tertiary  formations  of  the  Cypress  Hills  also  have  good 
water-bearing  beds. 

Glacial  Drift  Waters 

The  finding  of  adequate  supplies  of  water  in  the 
glacial  drift  presents  a  more  difficult  problem  on  account  of 
the  haphazard  disposition  of  this  material  and  the  irregular 
mode  of  occurrence  of  porous  horizons  in  it.  A  brief 
review  of  the  mode  of  formation  of  this  material  is  necessary 
in  attempting  to  explain  the  various  ways  in  which  water 
occurs  in  the  glacial  drift. 

5  Johnston,  W.  A.,  Engineering  Journal,  vol.  XIV,  No.  1,  pp. 
28-31,  1931. 

6  Stansfield,  J.,  Geol.  Surv.  Canada,  Summ.  Rept.  1917,  pt.  B., 
pp.  41-52  (1918). 


April,  1935 


THE     ENGINEERING     JOURNAL 


195 


Previous  to  the  advance  of  the  Pleistocene  ice  sheets 
over  Saskatchewan  the  country  on  the  whole  probably  had 
little  relief  except  for  flat  top  highlands  in  the  areas  now 
occupied  by  the  Missouri  Coteau,  Moose  Mountain,  Cypress 
Hills  and  other  highlands.  There  were  undoubtedly  many 
stream  valleys  and  some  badlands  along  the  sides  of  these 
highlands.  Very  likely  these  stream  beds  were  filled  in  part 
with  gravel  and  sand.  When  the  ice  sheet  advanced  these 
gravels  and  sands  were  either  eroded  or  were  buried  be- 
neath glacial  drift  and  new  gravels  were  laid  down  by 
glacial  streams  in  valleys  that  existed  at  that  time.  Dur- 
ing at  least  two  interglacial  stages  probably  new  valleys 
were  made  and  more  stream  gravel  and  sand  deposited. 
Thus  in  a  number  of  localities  there  are  buried  stream 
beds  of  a  dendritic  or  tree-like  pattern  heading  in  the 
highland  areas.  Such  buried  stream  beds  heading  in  the 
more  or  less  porous  morainic  areas  of  the  highlands  con- 
centrate the  ground  water  of  a  wide  area  into  a  rather 
confined  space  and  give  rise  to  artesian  water  supplies  in 
the  drift.  A  number  of  such  occurrences  of  water  are  found 
along  the  south  side  of  the  Missouri  Coteau  and  in  other 
areas.  The  one  that  is  best  known  is  the  Boggy  Creek 
area  that  furnishes  a  part  of  the  water  supply  for  Regina. 
An  area  in  the  vicinity  of  Rouleau  is  somewhat  similar 
to  the  Regina  area.  The  gravel  and  sand  from  which  the 
water  comes  is  buried  beneath  impervious  clay  and  is 
practically  on  top  of  the  bedrock.  Some  reaction  of  the 
salts  in  the  water  with  the  minerals  in  the  shale  or  drift 
has  caused  this  water  to  be  fairly  soft  which  is  very  unusual 
for  water  occurring  in  glacial  drift  in  the  province.  In  the 
vicinity  of  Rouleau  the  water  seems  to  be  confined  in  a 
bed  of  gravel  and  sand  not  over  a  mile  wide  extending  in 
a  northeast  and  southwest  direction  with  the  centre  a  little 
east  of  the  town.  Places  to  the  east  and  to  the  west  of 
this  old  stream  bed  can  only  get  a  very  limited  supply  of 
poor  quality  water  in  the  boulder  clay.  Whether  this 
water  comes  from  the  north  or  from  the  north  slope  of  the 
Missouri  Coteau  to  the  south  is  uncertain.  The  facts  that 
north  of  Rouleau  more  water-bearing  gravels  occur  and 
that  the  mineral  content  of  the  water  decreases  to  the 
north  from  2,000  parts  per  million  to  1,700  parts  per 
million  seems  to  indicate  a  source  to  the  north.  No 
accurate  series  of  elevations  of  the  wells  have  been  made 
so  that  the  slope  of  the  water-bearing  horizon  is  not  known. 

Locating  of  buried  stream-bed  types  of  artesian  water 
is  difficult  because  of  the  irregular  pattern  which  the  beds 
may  have.  In  some  areas  the  channels  are  very  close  to 
the  sites  of  the  present  valleys  leading  from  the  higher 
morainic  belts.  The  Mound  Spring  and  Boggy  Creek  areas 
that  furnish  water  for  Regina  are  examples  of  this  type. 
In  places  cold  springs  may  indicate  that  the  water  is  com- 
ing from  an  artesian  basin  of  this  character.  Such  artesian 
sources  might  be  located  by  electrical  methods  after  a 
geological  study  of  the  locality  had  been  made,  but  the 
cost  of  such  a  survey  by  a  reliable  method  is  high. 


Another  type  of  ground  water  supply  associated  with 
the  glacial  deposits  is  that  found  in  places  where  outwash 
sand  and  gravel  occur  at  the  surface.  The  sand  and  gravel 
allow  the  water  to  penetrate  deep  enough  to  prevent  large 
losses  by  evaporation,  so  that  a  large  part  of  the  rainfall 
of  an  area  underlain  by  these  deposits  may  be  stored  under- 
ground. Usually,  however,  the  areas  are  not  very  large 
and  the  supply  of  water  found  in  outwash  sands  and  gravel 
is  not  great,  but  the  quality  as  a  rule  is  very  good.  The 
town  of  Melville  gets  most  of  its  supply  from  a  broad  belt 
of  outwash  sand  and  gravel  north  and  northwest  of  the 
town.  The  water  table  is  only  ten  or  fifteen  feet  from  the 
surface  and  the  water  is  obtained  by  means  of  a  collecting 
gallery.  Part  of  the  supply  used  by  Moose  Jaw  comes  from 
the  Sandy  Creek  area  and  is  of  a  similar  nature  except 
that  the  sand  and  clay  probably  were  deposited  in  a  glacial 
lake. 

Another  type  of  supply  is  found  where  glacial  outwash 
sand  and  gravel  underlie  clay.  The  Yorkton  supply  appears 
to  be  of  this  type.  The  water  is  not  under  pressure  and 
apparently  the  sand  and  gravel  act  simply  as  an  under- 
ground reservoir;  as  the  supply  is  used  the  water  level 
drops  and  unless  the  source  is  replenished  at  the  same  rate 
at  which  it  is  used,  in  time  such  a  supply  may  become 
practically  exhausted. 

In  the  material  that  forms  the  valley  bottoms  of  the 
present  stream  valleys  there  are  in  places  porous  horizons 
of  sand  and  gravels  which  may  yield  a  fair  supply  of  water. 
These  water-bearing  beds  may  be  largely  post-glacial  in 
age  but  there  are  some  also  that  are  Pleistocene  or  Glacial 
in  age.  In  many  places  considerable  sediment  has  been 
deposited  even  since  the  coming  of  white  men  to  the 
country,  as  is  shown  by  the  remains  of  horses  and  cattle 
buried  under  twenty  to  thirty  feet  of  alluvium  in  some 
small  stream  valleys.  The  Qu'Appelle  valley  is  an  example 
of  a  valley  with  a  thick  bed  of  alluvium  and  drift.  Near 
Lumsden  in  this  valley  a  well  passed  through  two  hundred 
feet  of  sediments  above  the  bedrock. 

Summary  and  Conclusions 

In  drilling  for  water  in  southern  Saskatchewan  a 
knowledge  of  the  geology  is  useful.  Areas  where  water 
may  be  obtained  from  the  bedrock  are  mostly  in  the 
western  and  southern  parts  of  the  province.  Bedrock 
formations  from  which  potable  water  may  be  obtained  are 
the  Belly  River,  Bearpaw,  Whitemud,  Ravenscrag  and 
Tertiary  (Cypress  Hills  beds,  etc.).  The  water  in  the 
Belly  River  and  Bearpaw  formations  is  generally  much 
mineralized  and  the  farther  east  it  is  found  the  greater 
is  the  mineral  content.  Artesian  water  also  occurs  at  places 
in  the  glacial  drift.  More  work  is  necessary  to  determine 
the  extent  of  the  artesian  areas  and  the  amount  of  water 
available.  As  a  result  of  such  work  proper  methods  of 
conservation  could  be  developed. 
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and  8th,  1935. 

SUMMARY — The  artesian  waters  of  southern  Saskatchewan,  except  those  that  come  from  a  considerable  depth,  are  generally  usable  for  drinking  pur- 
roges,  although  they  contain  a  fairly  high  proportion  of  soluble  salts.  The  deep  well  waters  that  come  from  below  the  Belly  river  beds,  so  far  as  known, 
are  saline.  The  artesian  waters,  as  a  rule,  contain  so  much  of  the  salts  of  sodium,  especially  the  carbonate,  that  they  are  not  well  adapted  for  irrigation 
purfoses  under  the  conditions  of  precipitation,  evaporation,  topography  and  soil  found  in  southern  Saskatchewan.  The  waters  from  the  shallow  wells  In 
the  sandy  beds  of  the  surface  deposits  or  glacial  drift  overlying  the  bedrock,  as  a  rule,  contain  smaller  amounts  of  soluble  salts  and  are  the  most  satis- 
factory for  drinking  purposes.  Improvement  of  the  artesian  waters  by  mixture  with  other  types  of  water,  with  possibly  chemical  treatment,  is  a  problem 
that  requires  Investigation. 


Relation  Between  Chemical  Composition  and  the  Principal 
Uses  of  the  Underground  Waters 

For  human  consumption  water  must  not  have  so  high 
a  content  of  dissolved  salts  as  to  render  it  unpalatable  or 
injurious  to  health.  The  temperature  of  a  water  high  in 
sodium  salts  has  a  marked  influence  on  the  taste  of  the 
water.  In  some  of  the  artesian  areas  of  southern  Saskat- 
chewan water  containing  up  to  1,500  or  even  2,000  parts 
per  million  of  sodium  salts  is  quite  palatable  if  drunk  at 
the  temperature  at  which  it  issues  from  the  well — 45 
degrees  to  48  degrees  F.  Such  water,  however,  if  allowed 
to  warm  up  in  a  city  supply  system  would  have  a  decidedly 
flat  "soda"  taste.  If  the  water  contains  a  large  proportion 
of  the  sulphates  of  sodium  and  magnesium  it  may  be  too 
laxative  for  constant  use  although  within  reasonable  limits 
the  continued  use  of  the  more  laxative  waters  appears  to 
build  up  a  certain  degree  of  resistance. 

Many  waters,  especially  the  highly  saline  water  often 
found  in  shallow  wells  in  the  "drift"  (this  term  being  used 
in  this  paper  to  include  all  types  of  glacial  and  post-glacial 
deposits)  that  are  not  considered  fit  for  human  consump- 
tion, are  used  for  stock.  It  is  generally  considered  that 
waters  containing  fairly  large  amounts  of  dissolved  salts 
may  be  used  for  stock.  Should  the  water  be  so  bitter, 
however,  due  to  the  presence  of  magnesium  sulphate,  or 
should  it  cause  scouring,  due  to  the  sulphates  of  sodium 
and  magnesium,  it  becomes  unusable  for  stock.  The 
presence  of  common  salt  in  most  of  the  artesian  waters 
obviates  the  use  of  salt  licks  for  cattle  and  the  mildly 
laxative  action  of  the  sodium  and  magnesium  sulphates  is 
of  value  during  the  winter  months  when  dry  foods  such 
as  hay  are  used.  High  sulphate  content  of  water  has  been 
considered  to  be  the  cause  of  degeneration  of  the  bones 
of  cattle  by  abstraction  of  lime,  but  this  is  doubtful  and 
further  research  on  the  question  is  needed. 

For  irrigation  purposes  in  an  area  of  such  small  rain- 
fall as  southern  Saskatchewan  water  should  not  contain  a 
high  proportion  of  dissolved  salts.  The  safe  upper  limit 
varies  with  the  nature  of  the  salts,  the  soil,  drainage  con- 
ditions and  the  crop.  It  is  generally  considered  to  be  about 
700  parts  per  million  but  in  exceptional  cases  it  is  1,000 
parts  per  million.  In  Australia  700  parts  per  million  of 
alkaline  salts  are  considered  to  be  the  upper  limit.  Most 
of  the  artesian  waters  of  southern  Saskatchewan  far 
exceed  these  limits.  In  the  Sahara,  however,  water  con- 
taining up  to  8,000  parts  per  million  of  solids,  about  half 
of  which  is  sodium  chloride,  has  been  used  for  irrigation 
under  special  conditions.  The  toxicity  of  the  sodium  salts 
to  plants  varies  in  the  approximate  proportion  of  10:5:1 
for  the  carbonate,  chloride  and  sulphate  respectively;  of 
these  the  carbonate  forms  the  dreaded  black  alkali,  the 
chlorides  and  sulphates  white  alkali.  In  the  Central  Butte 
district  in  south  central  Saskatchewan,  the  singular  spec- 
tacle was  seen  of  a  farmer,  in  a  very  dry  year,  suing  the 


•Published  with  the  permission  of  the  Director,  Bureau  of  Economic 
Geology,  Department  of  Mines,  Ottawa. 


owner   of   a   flowing   well   because   water  from   that  well 
was  flowing  through  his  farm. 

For  laundry  purposes  the  water  from  the  drift  is  almost 
invariably  too  hard.  Many  of  the  artesian  wells  yield  waters 
that  are  soft  but  contain  a  good  deal  of  sodium  carbonate. 
For  use  in  boilers  the  generally  high  content  of  calcium 
sulphate  in  the  drift  waters  renders  them  likely  to  cause 
hard  scale.  The  soft  artesian  water  is  likely  to  cause  foam- 
ing. A  well  at  Mawer  Station  in  the  Darmody-Mawer 
artesian  basin  has  a  large  flow  but  the  water  is  not  used 
for  boiler  purposes.  It  is  reported,  however,  that  the  water 
causes  foaming  only  when  mixed  with  hard,  drift  water. 
The  corrosive  action  of  water  is  important  in  the  case  of 
waters  used  for  municipal  purposes.  It  would  seem  probable 
that  the  artesian  waters  would  be  corrosive. 

Special  Conditions  Affecting  the  Chemical  Composition 

OF   THE   UnDERGROTTND    WaTERS 

The  small  rainfall,  the  absence  in  much  of  the  area 
of  through  drainage  to  the  sea,  the  generally  flat  topography 
and  the  presence  of  many  un drained  hollows  due  to  uneven 
deposition  of  the  glacial  drift,  all  tend  to  prevent  the 
removal  from  the  soil  and  subsoil  of  mineral  salts  and 
favour  the  rise  of  salts  to  the  surface  by  capillarity  and 
deposition  of  salts  from  spring  waters.  The  extreme  limit 
of  concentration  of  salts  is  the  alkali-lake  deposit  but 
many  of  the  waters  from  wells  in  the  drift  contain  a  high 
proportion  of  salts.  It  is  evident  therefore  that  the  drift 
contains  a  great  deal  of  salts  and  the  presence  of  numerous 
crystals  of  selenite-calcium  sulphate  at  many  outcrops  of 
the  Cretaceous  shales  shows  that  these  rocks  also  contain 
salts. 

The  chief  dissolved  salts  that  have  marked  influence 
on  the  uses  of  the  underground  waters  are  the  sulphates, 
chlorides,  and  carbonates  of  sodium,  calcium  and  magne- 
sium. 

Sodium  sulphate  or  Glauber's  salts  is  a  mild  laxative, 
the  dose  for  this  purpose  being  one  half  to  one  ounce  of 
the  hydrated  salt.  It  is  the  least  harmful  of  the  common 
salts  when  present  in  waters  used  for  irrigation. 

Sodium  chloride  or  common  salt  in  moderate  amounts 
has  little  action  on  the  body  functions.  In  quantities  of 
over  500  parts  per  million  it  gives  a  brackish  taste  to  water 
and  at  high  concentrations  it  produces  a  water  that  will 
not  quench  thirst.  In  water  used  for  irrigation  it  is  inter- 
mediate in  toxicity  between  the  sulphates  and  carbonates. 

Sodium  carbonate,  which  in  the  artesian  waters  seems' 
to  occur  always  as  the  bicarbonate,  has  no  harmful  effect 
on  humans  if  used  in  moderate  amounts.  If  present  in  the 
water  used  for  irrigation,  however,  it  is  the  most  harmful 
of  the  sodium  salts,  the  safe  limit  for  this  purpose  being 
about  100  to  200  parts  per  million  of  the  normal  carbonate. 
Calcium  and  magnesium  carbonates  and  bicarbonates  give 
temporary  hardness  to  water.  They  were  for  a  long  time 
considered  to  cause  gall  stones  and  other  troubles  but  are 
now  thought  to  be  quite  harmless  in  this  respect.  They 
are  more  abundant  in  waters  from  the  drift  than  in  those 


April,  1935 


THE     ENGINEERING     JOURNAL 


197 


from  the  older  rocks.  In  water  used  for  irrigation  they  are 
much  less  harmful  than  the  sodium  salts. 

Calcium  sulphate  in  moderate  amount  in  drinking 
water  is  not  so  harmful  as  the  sodium  salts.  Waters  with 
very  high  calcium  sulphate  content  occur  in  regions  in 
which  gypsum  is  found  and  are  used  for  human  consump- 
tion. Unless  present  in  very  large  amounts  it  is  not  harmful 
for  irrigation  purposes;  gypsum  is  often  added  to  the  soil 
to  counteract  the  effect  of  sodium  carbonate  by  converting 
it  to  the  less  harmful  sodium  sulphate. 

Magnesium  sulphate  is  a  slightly  stronger  laxative 
than  sodium  sulphate,  the  dose  for  human  use  for  this 
purpose  being  34  to  3^  ounce  of  the  hydrous  salt.  It  is 
much  more  harmful  to  the  system  than  sodium  sulphate, 
however.  In  the  artesian  waters  that  come  from  the  bed- 
rock it  is  generally  quite  subordinate  to  the  sodium  salts 
but  in  the  waters  from  the  drift  it  is  much  more  prominent 
although  usually  being  less  in  amount  than  the  calcium 
sulphate.  In  water  for  irrigation  it  appears  to  be  less  harm- 
ful than  sodium  carbonate. 

As  regards  taste  imparted  to  water  by  the  dissolved 
salts,  calcium  sulphate  and  calcium  and  magnesium  car- 
bonates are  practically  tasteless.  Sodium  sulphate  in  small 
amounts  is  nearly  tasteless,  sodium  bicarbonate  gives  a 
"soda"  taste  to  the  water  and  magnesium  sulphate  in 
large  amounts  gives  a  bitter  taste. 

Chemical  Classification  of  the  Main  Types  of  the 
Underground  Waters 

The  waters  from  wells  in  the  drift  show  great  variation 
in  the  amount  and  composition  of  salts  even  within  short 
distances.  They  may  perhaps  be  roughly  classified  into 
those  that  are  derived  from  the  more  argillaceous  type  of 
deposits — boulder  clay,  lake  clays,  etc. — and  those  derived 
from  the  more  sandy  types  of  deposits,  outwash  sands,  dune 
sands,  etc.  In  the  former  type  the  salts  are  seldom  less 
than  1,000  parts  per  million  and  are  often  several  times  this 
figure.  The  composition  of  the  salts  varies  widely,  but  in 
general  calcium  and  magnesium  sulphates  are  the  chief 
salts,  with  sodium  chloride  subordinate  and  sodium  sulphate 
and  carbonate  variable.  Calcium  and  magnesium  carbonate 
are  generally  present  but  are  usually  subordinate  to  the 
corresponding  sulphates.  These  waters  are  very  hard  and 
many  of  them  are  not  well  adapted  to  irrigation  even  were 
they  found  in  sufficient  quantities  for  this  purpose.  The 
water  from  the  sandy  type  of  drift  in  places  is  very  hard 
and  is  high  in  salts,  but  in  very  sandy  areas  it  is  likely 
to  be  less  hard  than  the  previous  type,  some  waters  from 
very  sandy  areas  being  even  reported  as  soft.  Some  of  the 
waters  from  shallow  wells  or  collecting  galleries  in  the 
sandy  areas  contain  only  600  to  700  parts  per  million  of 
soluble  salts  and  are  the  best  underground  waters  so  far 
found. 

The  waters  from  wells  in  the  Tertiary  and  Cretaceous 
rocks,  with  a  few  exceptions,  show  less  wide  variation  in 
salt  content  than  do  the  drift  waters  and  are  generally  not 
so  hard.  Two  general  types  are  very  common,  at  least  in 
the  Rush  Lake  and  Elbow  quadrangles  and  in  parts  of  the 
Regina  and  Touchwood  quadrangles.  The  sodium  sulphate- 
carbonate-chloride  type  may  be  regarded  as  the  "soft 
normal"  type  and  water  containing  these  salts  with  calcium 
and  magnesium  sulphate  in  addition  may  be  referred  to  as 
the  "hard  normal"  type.  The  sodium  chloride  type  is  com- 
paratively rare  but  the  waters  frequently  contain  large 
amounts  of  this  salt,  10,680  parts  per  million  being  reported 
in  one  well,  and  are  commonly  found  at  considerable  depths 
in  the  bedrock,  for  example  in  the  deep  wells  at  Moose  Jaw 
and  Simpson.  Many  intermediate  types  between  the  above 
mentioned  ones  are  found.  Many  of  the  waters  are  absolute- 
ly soft.  The  salt  content  varies  but  most  of  the  analyses 
available  show  1,250  to  2,500  parts  per  million. 


Waters  of  Arte.sian  Areas 

The  Carnduff  area  in  the  southeastern  corner  of  the 
province,  described  in  Memoir  174,  Bureau  of  Economic 
Geology,  pages  13-14,  covers  about  400  stjuare  miles  over 
most  of  which  area  flowing  wells  arc  found.  Analysis  of 
water  from  CorndufT  creamery,  close  to  the  limit  of  water 
flow,  shows  a  very  unusual  combination  of  sodium  and 
magnesium  carbonates  with  sodium  chloride,  total  solids 
being  1,044  parts  per  million. 

The  Darmody-Riverhurst  area  described  in  Summary 
Report,  Geological  Survey,  Canada,  1931,  Part  B,  pages 
58-71,  covers  at  least  500  square  miles.  It  is  one  of  the 
most  clearly  defined  artesian  basins  in  Saskatchewan  that 
have  been  studied  to  date.  The  underground  surface  of 
the  water  is  generally  at  a  very  uniform  level  and  analyses 
show  that  the  water  is  very  uniform  in  salt  content — 1,250 
to  1,650  parts  per  million.  With  the  exception  of  a  few 
wells,  considered  as  marginal,  the  water  is  all  of  the  "soft 
normal"  type.  Flowing  wells  are  obtained  in  the  eastern 
part  of  the  artesian  basin. 

Twelve  detailed  analyses  show  that  the  average  quan- 
tity of  salts  in  solution  in  the  water  is  1,615  parts  per 
million,  almost  entirely  consisting  of  sodium  chloride, 
.sodium  carbonate  (probably  existing  as  the  bicarbonate) 
and  sodium  sulphate  in  the  approximate  proportion  of 
1 :3 :4  respectively. 

The  sources  or  intake  beds  of  the  water  are  not  definitely 
known,  but  it  is  possible  that  the  water  enters  the  basin 
in  sandy  beds  in  the  valley  of  Swift  Current  creek,  60  miles 
to  the  southwest. 

In  the  east  half  of  the  Elbow  quadrangle,  described 
in  Summary  Report,  Geological  Survey  of  Canada,  1932, 
part  B,  pages  75-89,  the  ground  water  is  much  less  uniform 
in  amount  and  composition  of  salts,  than  in  the  Darmody- 
Riverhurst  area.  In  the  southern  and  central  parts  of  the 
quadrangle,  including  the  Brightwater  Creek  area  of  arte- 
sian water  flow,  most  of  the  water  is  of  the  "soft  normal" 
type  but  the  total  solids  are  generally  about  50  per  cent 
higher  than  in  the  Darmody-Riverhurst  area.  In  the 
northern  part  of  the  quadrangle  a  flowing  artesian  area 
occurs  in  which  the  water  is  of  the  "hard  normal"  type. 

An  artesian  area  in  the  western  half  of  the  Rush  Lake 
quadrangle  described  in  Summary  Report,  Geological  Sur- 
vey of  Canada,  1932,  part  B,  pages  76-79,  has  water  of 
the  "soft  normal"  and  "hard  normal"  types.  South  of 
Beechy,  two  small  flowing  artesian  areas  occur;  in  one  the 
water  is  the  "soft  normal"  type  and  in  the  other  the  water 
is  very  hard. 

Several  artesian  areas,  found  in  the  vicinity  of  Regina, 
are  described  in  Geological  Survey  of  Canada  Summary 
Report  1929,  part  B.  The  most  important  of  these  areas 
are  the  valley  of  Boggy  creek,  Mallory  Springs  valley  and 
Flying  Creek  basin.  The  water  occurs  in  sandy  beds  in 
the  drift  and  is  hard.  An  analysis  of  the  Boggy  creek 
water,  the  chief  source  of  supply,  shows  total  solids  995 
parts  per  million,  the  sodium  salts  being  1 15  parts  per  million 
and  sodium  carbonate  101  parts  per  million.  Analyses  of 
well  water  from  the  Mound  Spring  area  and  from  the 
Mound,  Cooper  and  Dickson  springs  show  a  wide  variation 
but  they  all  show  the  water  to  be  hard.  The  sodium  salts 
vary  from  201  to  449  parts  per  million,  sodium  carbonate 
being  reported  only  in  the  Mound  Spring. 

The  underground  water  conditions  near  the  city  of 
Moose  Jaw  are  described  in  Geological  Survey  of  Canada 
Summary  Report  1930,  part  B,  pages  50-64.  The  sources 
of  supply  are  Snowdy  Springs,  Sandy  Creek  gallery,  the 
Forsythe  well  and  the  Sandy  Creek  well.  The  first  three 
contain  486  to  686  parts  per  million  of  total  solids  in  solu- 
tion, with  sodium  from  nil  to  98  parts  per  million,  and  are 
hard.  The  last  named  is  much  higher  in  total  solids — 
1,218  parts  per  million.    The  Sandy  Creek  well  water  is 
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only  moderately  hard — 186  parts  per  million.  The  differ- 
ence between  the  shallow  water  in  sandy  beds,  near  the 
surface  and  that  obtained  at  even  so  small  a  depth  as  80 
feet  is  well  showTi  by  a  comparison  of  analyses  of  the  water 
from  Sandy  Creek  gallery  and  from  No.  1  well  at  Sandy 
Creek.  Total  solids  in  the  former  are  486  parts  per  million 
and  in  the  latter  1,218  parts  per  million.  Analyses  show 
the  water  from  Sandy  Creek  gallery  to  be  the  best  so  far 
found  in  the  Regina  and  Moose  Jaw  districts,  both  for 
drinking  and  irrigation  purposes. 

Mode  of  Origin  of  the  Soft  Artesian  Waters 

The  softness  of  the  water  in  the  Darmody-Mawer 
artesian  basin  may  be  due  to  base  exchange  of  calcium  to 
sodium  by  minerals  of  the  glauconite  type  in  the  water 
sand.  Glauconite*  is  known  to  occur  in  Cretaceous  sand- 
stones at  places  in  the  prairie  provinces.  A  solution  of 
calcium  sulphate  left  for  twenty  months  in  contact  with 
Cretaceous  sand  that  occurs  in  the  valley  of  Swift  Current 
creek  and  may  form  part  of  the  intake  beds  for  the  artesian 
water,  showed  a  marked  softening.    Bentbnite  as  well  as 

1  Glauconite — a  naturally  occurring  mineral  from  which  zeolites 
are  prepared  as  used  for  water  softening. 


glauconite  is  known  to  be  capable  of  softening  water  by  the 
base  exchange  process.  Bentonite'^  bands  are  of  frequent 
occurrence  in  the  Cretaceous  shales  and  it  is  probable  that 
a  good  deal  of  bentonite  is  distributed  through  the  Creta- 
ceous strata  and  through  the  glacial  drift  which  is  largely 
derived  from  these  beds.  Water  softening  therefore  may 
have  occurred  also  as  a  result  of  the  base  exchange  proper- 
ties of  bentonite. 

Possibilities  of  Improving  the  Character  of  the 
Well  Waters 

Fairly  large  quantities  of  artesian  water,  sufficient  for 
the  irrigation  of  farm  gardens,  are  available  in  the  Darmody- 
Mawer  basin  and  in  other  areas  but  these  waters  are  so 
high  in  sodium  that  they  cannot  be  used  for  this  purpose. 
They  are  also  unsatisfactory  for  drinking.  Whether  these 
soft,  sodium  waters  can  be  altered  by  some  simple  and 
inexpensive  method  so  as  to  render  them  suitable  for 
irrigation  and  other  purposes;  and  whether  their  mineral 
character  would  be  improved  by  mixing  them  with  hard 
waters  are  problems  that  require  investigation. 

2  Bentonite — a  type  of  china  clay  used  for  filters  and  as  filtration 
agents. 
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To  the  average  city  or  town  dweller,  water  require- 
ments rarely  present  any  worries,  as  his  needs  are  efficiently 
catered  for  even  to  the  extent  of  the  water  being  chlorinated 
to  remove  dangerous  contamination.  Should,  however,  the 
supply  at  the  tap  fail,  he  has  only  to  communicate  with  the 
district  water  department  and  it  is  not  long  before  the 
service  is  again  available — that  is  always  provided  the 
service  has  not  been  deliberately  cut  off  on  account  of  the 
non-payment  of  a  water  bill. 

The  rural  dweller,  however,  has  seldom  a  benevolent 
water  board  to  serve  his  needs,  which  must  be  supplied 
by  his  own  efforts.  Failing  a  convenient  surface  source, 
his  supplies  are  obtained  from  underground  deposits  by 
wells  from  which  the  water  has  to  be  lifted  by  either 
mechanical  means  or  manual  labour.  A  rural  supply  of 
water  is  not  usually  available  under  any  co-operative 
scheme,  as  distances  between  source  and  consumption  points 
are  so  great  that  this  would  necessitate  prohibitive  capital 
expenditure.  It  is  however  a  barren,  waterless  country 
where  the  requirements  of  a  household  cannot  be  obtained 
at  a  comparatively  shallow  depth  by  means  of  dug  wells. 

The  sinking  of  these  wells  is  done  by  manual  labour, 
in  the  majority  of  cases  by  persons  with  little  or  no  ex- 
perience in  this  class  of  work.  As  a  result  the  protection  of 
well  walls  is  often  inadequate  and  the  material  used  is 
poor,  resulting  not  only  in  the  need  for  frequent  repairs 
and  the  cleaning  out  of  silt,  but  also  in  pollution  of  the 
underground  supply  by  the  seepage  downward  of  surface 
water  carrying  detrimental  and  even  insanitary  material. 
These  wells  are  seldom  located  where  water  contamination 
would  be  minimized,  the  selection  usually  being  one  of 
convenience  irrespective  of  the  risk  of  contamination  from 
house  garbage  dumps,  cattle  sheds  or  domestic  conveniences, 
from  all  of  which  there  occurs  continuous  soakage.  Such 
contamination  can  be  considerably  minimized  if  the  well 
neck  is  made  of  brick,  concrete,  or  stone  masonry  carried 
well  above  the  surrounding  surface  and  extending  down- 


wards below  any  sub-surface  beds  through  which  polluted 
surface  soakage  can  easily  flow. 

To  be  of  long  usefulness,  dug  wells  should  have  a 
masonry  lining  for  the  full  depth,  but  this  is  expensive  as 
such  work  has  to  be  done  by  well  sinkers.  Here  in  Alberta 
such  experienced  labour  is  not  available  except  at  extra- 
ordinary wages  to  which  must  be  added  the  excessive  cost 
of  the  material  for  the  fining.  Therefore,  it  is  correct 
to  assume  that  these  costs  are  beyond  the  means  of  the 
majority  of  rural  dwellers  here,  resulting  in  their  supplies 
of  water  having  to  be  obtained  in  most  cases  from  wells, 
the  sides  of  which  are  inadequately  protected  by  softwood 
linings  which  not  only  soon  deteriorate  but  never  effectually 
shut  off  polluted  water  inflow. 

An  advance  on  hand-dug  methods  is  the  drilled  well, 
sometimes  sunk  by  manual  or  horse  power  but  more 
frequently  by  mechanical  means.  These  wells  being  of 
small  diameter,  are  cased  with  metal  pipes  extending  from 
the  surface  downwards  for  approximately  the  full  depth 
to  the  water  horizon  and,  if  properly  completed,  would 
prove  a  permanent  asset.  Unfortunately,  it  is  seldom  that 
such  wells  would  be  passed  by  an  engineer,  since  for  reasons 
of  economy,  the  pipe  is  usually  cut  off  flush  at  the  surface 
and,  further,  none  of  the  pipes  used  are  ever  cemented  for 
soakage  exclusion  purposes,  nature  apparently  being  ex- 
pected to  carry  out  this — one  of  the  most  important 
details  in  the  construction  of  a  drified  well. 

It  is  well  known  that  in  many  parts  of  Alberta  the 
immediate  sub-surface  water  carries  considerable  quantities 
of  alkafi,  rendering  the  water  unpalatable  for  drinking, 
and  in  most  cases,  unsuitable  for  cooking.  Usually  below 
such  unpleasant  sub-surface  water  horizons,  comparatively 
good  water  can  be  met  at  lower  depths,  with  the  result 
that  well  sinkers  and  drillers  frequently  dig  to  these  deeper 
sources  of  supply  and  in  doing  so,  on  account  of  their 
inexperience,  they  permit  the  non-potable  sub-surface 
water  to  pass  downward  and  mingle  with  the  lower  water, 
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thereby  altering  the  latter  to  the  same  unsatisfactory  con- 
dition in  a  very  short  time. 

Confirming  such  unintentional  pollution  and  under- 
ground wastage  of  surface  water,  there  are  many  places 
in  Alberta  and  other  parts  of  the  prairie  provinces,  where 
sloughs  or  small  lakes  have  completely  dried  up  within 
recent  years.  Frequently,  close  to  such  dried  out  areas, 
there  are  to  be  found  dug  wells  of  varying  depth  and 
these  may  have  served  as  the  channels  whereby  the  surface 
water  escaped  underground. 
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Fig.  1 

An  example  of  the  presumed  downward  water  seepage 
is  shown  in  Fig.  1.  The  initial  hand-dug  well  is  represented 
at  A,  the  wall  sides  being  usually  protected  by  a  wood 
lining.  On  the  water  from  the  No.  1  horizon  becoming 
unsatisfactory  for  use  further  deepening  is  carried  out 
as  at  B;  this  being  done  either  by  hand  work  or  by  bucket 
auger  operated  by  horse  power,  the  well  sides  again  being 
protected  by  wood  in  the  form  of  circular  cribbing  usually 
built  up  and  lowered  from  the  surface. 

On  the  quaUty  of  the  second  water  stratum  changing, 
the  well  is  in  the  majority  of  cases  abandoned  without 
being  filled  in.  This  not  only  permits  the  continuous 
downward  passage  of  water  from  the  slough  and  any 
water  horizons  that  may  have  been  passed  through,  but 
also  presents  a  continuing  danger  to  persons  and  livestock. 
In  a  few  cases  deepening  may  be  continued  either  by  bucket 
auger  or  drilhng  machine  and  metal  well  casing  inserted 
so  as  to  permit  the  elevation  of  the  water  by  manual, 
wind  power  or  mechanically  operated  pump. 

The  further  deepening  and  the  use  of  metal  casing 
is  a  correct  procedure  and  would  be  permanently  satis- 
factory if  the  casing  is  properly  cemented  and  the  depths 
A  and  B  filled  in  with  rubble  and  mud  slurry.  Unfor- 
tunately few,  if  any,  water  well  drilUng  contractors  have 
experience  in  well  cementing  and  lack  the  necessary  pumping 
and  other  equipment  essential  for  such  work.  They  are, 
therefore,  obhged  to  rely  on  undesirable  water  being 
excluded  by  debris  from  the  clay  or  shale  formation  settling 
around  the  inserted  pipe.  Owing  to  bored  and  drilled 
wells  not  always  being  truly  vertical  and  frequently  more 
elliptical  than  circular;  both  of  which  defects  may  happen 
on  account  of  the  varying  hardness  of  the  formation  drilled, 
the  settlement  of  debris  and  formation  on  the  casing  cannot 
be  uniform  and  voids  must  remain,  down  which  there 
always  occurs  a  flow  of  water  thereby  causing  ever-increasing 
channelling. 

Thus  many  of  these  faulty  wells  are  serving  as  chan- 
nels by  which  horizons  of  good  potable  water  are  rendered 
unusable.  That  the  use  of  well-drilling  machines  for  water 
supply  will  be  considerably  extended  in  the  near  future 
needs  no  emphasizing,  and  there  is  an  immediate  and 
imperative  need  of  efficient  control  to  ensure  that  con- 
tamination is  not  allowed  to  continue,  otherwise  all  good 
water  horizons  underlying  Alberta  may,  in  a  few  years, 
be  rendered  unsatisfactory  for  use. 


In  Alberta  it  would  be  interesting  to  see  the  results  of 
prolonged  controlled  tests  of  underground  water  levels 
made  at  different  points  in  the  province.  In  all  probability 
it  would  be  found  that  the  sub-surface  water  table  is 
dropping  rapidly— in  fact  it  is  very  possible  that  in  some 
areas  the  top  water  horizons  may  be  found  to  have  disap- 
peared completely  and  required  supplies  of  water  have  to 
be  searched  for  at  greater  depth. 

From  the  findings  obtained  in  the  drilhng  of  deep  wells 
in  the  south  and  midnorth  of  the  province,  there  is  ample 
proof  that  several  prohfic  horizons  of  good  water  are  to 
be  found  down  to  1,000  feet  from  the  surface  and  it  is, 
therefore,  safe  to  forecast  that  there  is  no  immediate  fear 
of  a  water  famine  in  the  areas  above  cited,  provided  means 
are  available  for  reaching  the  water  and  hfting  it  to  the 
surface.  Below  1,000  feet  the  chances  of  good  potable 
water  being  found  are  speculative,  as  most  deep  horizons 
carry  a  considerable  mineral  content  which  precludes  the 
use  of  the  water  for  human  or  animal  consumption. 

At  present  all  over  the  North  American  continent 
great  stress  is  being  laid  on  the  conservation  of  natural 
resources,  and,  water  being  an  absolute  necessity  for 
sustaining  hfe,  must  be  classed  as  the  most  valuable  of 
these.  How  seldom  do  we  hear  any  call  for  its  conserva- 
tion and  protection.  As  already  noted,  any  tyro  is  allowed 
to  sink  wells  and  thereby  not  only  permitted  to  pollute 
underground  water  sources  but  also  drain  surface  deposits, 
thus  apparently  interfering  with  the  work  of  nature  in 
augmenting  supphes  by  rainfall.  The  author  beheves  that 
government  interference  in  private  effort  should  be  the 
least  possible,  provided  individuals  are  efficient  in  their 
enterprises,  but  where  waste  is  rampant  it  appears  im- 
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Fig.  2— Section  of  Drilled  Well  Showing  Cement  Protection, 

perative  that  governments  should  control  the  selfish  and 
incompetent.  It  is,  therefore,  considered  that  the  search 
for  and  development  of  potable  water  should  be  under 
some  form  of  supervision  which  will  control  all  sources  of 
contamination,  and  in  a  measure  disciphne  those  carrying 
out  the  engineering  work  to  insure  its  being  carried  out 
efficiently. 

This  last  requirement  would  require  the  registration 
of  all  contractors  and  others  engaged  in  the  digging  or 
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drilling  of  water  wells,  and  that  no  well  should  be  com- 
menced without  the  specification  of  the  projected  work 
being  first  scrutinized  and  authorized  by  a  recognized  body. 
With  such  control  the  construction  of  all  wells  would  be 
regulated — the  necks  of  dug  wells  would  be  protected  by 
proper  linings  carried  above  the  surface  and  below  the 
sub-surface  porous  strata  to  prevent  pollution.  In  deeper 
wells  where  pipe  is  used  all  unsatisfactory  water  would  be 
shut  off  by  cementation  or  such  method  as  would  insure  a 
Hning  behind  such  pipe  which  would  prevent  undesirable 
infiltration  even  should  the  metal  of  the  pipe  entirely 
disappear  through  corrosion. 

The  suggestion   will   perhaps   appear   premature  and 
too  advanced  for  these  times  but  inasmuch  as  water  in 


many  places  at  this  moment  is  at  a  premium  on  account 
of  its  scarcity,  all  rights  to  underground  water  should  be 
reserved  to  the  Crown.  In  the  author's  opinion  no  natural 
resources  below  the  surface  should  ever  be  placed  under  the 
control  of  individuals  who  may  permit  their  dissipation 
to  the  detriment  of  the  public  interests. 

The  author  wishes  to  state  that  he  is  not  a  specialist 
in  ground  water  problems  and  in  presenting  this  paper  has 
done  so  solely  to  make  known  personal  observations  of 
what  is  apparently  one  of  the  serious  dangers  likely  to 
interfere  with  the  prosperity  of  the  prairie  provinces;  also 
to  create  in  young  engineers  an  interest  in  drilled  well  con- 
tracting, a  class  of  work  which  has  been  somewhat  neglected 
in  the  past  by  the  trained  engineer. 


Relationship  of  Geology  to  Soil  Drifting  in  Southern 
Manitoba  and  Southern  Saskatchewan 

W.  A.  Johnston,  Geologist  in  Charge,   Division  of  Water  Supply  and  Borings, 

and 

R.  T.  D.  Wickenden,  Assistant  Geologist, 

Geological  Survey  of  Canada,  Ottawa,  Ont.  * 

Paper  presented  at  the  General  Professional  Meeting  of  The  Engineering  Institute  of  Canada,  Toronto,  Ont., 

February  7th  and  8th,  1935. 

SUMMARY — Dry  farming  methods  and  single  crop  farming,  together  with  the  prevalence  of  high  winds  in  times  of  drought,  and  general  absence  of 
wind  breaks,  are  the  chief  causes  of  soil  drifting.  In  the  present  paper  the  character,  eitent  and  mode  of  origin  of  the  materials  on  which  the  soils  are 
developed  in  Manitoba  and  Saskatchewan  south  of  latitude  52  degrees,  are  discussed  in  relation  to  the  question  of  soil  drifting. 


Soil  drifting  in  the  Prairie  Provinces  began  after  the 
period  of  intensive  settlement,  from  1906  to  1910,  and  has 
gradually  increased  since  that  time  but  has  been  most 
pronounced  in  times  of  drought.  Previous  to  this  period 
there  were,  however,  in  the  drier  southern  and  south- 
western parts  of  Saskatchewan  large  areas  of  "burn-out" 
where  the  surface  soil  had  been  removed  in  patches  probably 
in  part  by  wind  action. 

Dry  farming  methods  and  single  crop  farming,  which 
demand  excessive  cultivation  of  the  soil,  together  with  the 
occurrence  of  high  winds  in  times  of  drought  and  the 
general  absence  of  wind  breaks  are  the  chief  causes  of  soil 
drifting.  The  causes  have  been  well  discussed  in  the  Soil 
Survey  publications  of  the  University  of  Saskatchewan  and 
it  has  frequently  been  pointed  out  in  these  publications 
that  the  permanent  solution  of  the  problem  is  to  be  sought 
in  the  adoption  of  systematic  crop  rotations,  though  ijnuch 
can  be  done  by  careful  management  of  the  soil,  by  the  use 
of  protective  crops  and  by  strip  farming,  that  is,  farming 
of  the  land  in  narrow  strips,  cultivated  cross-wise  to  the 
direction  of  the  prevailing  winds.  There  are,  however, 
large  areas  where  sufficient  water  for  live  stock  farming 
may  not  be  obtainable,  so  that  in  these  areas  the  problem 
is  a  difficult  one.  The  planting  of  hedges  to  act  as  wind 
breaks  and  to  collect  snow,  and  the  storage  of  spring  run-off 
water  for  farming  and  municipal  purposes  has  been  ad- 
vocated by  T.  C.  Main  (Engineering  Journal,  June  1932). 

As  some  parts  of  the  region  are  much  more  affected 
by  soil  drifting  than  other  parts  it  may  be  of  value  to 
discuss  briefly  the  character,  extent  and  mode  of  origin  of 
the  materials  on  which  the  various  soils  of  the  region  are 
developed.  Map  254A  published  by  the  Department  of 
Mines,  Ottawa,  shows  the  general  character  of  the  surface 

♦Published  with  the  permission  of  the  Director,  Bureau  of  Economic 
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deposits  of  Manitoba  south  of  latitude  52  degrees  and  of  a 
small  part  of  eastern  Saskatchewan.  The  Regina  sheet  in 
course  of  preparation  describes  the  surface  deposits  of 
Saskatchewan  south  of  latitude  52  degrees.  Both  maps  are 
on  the  scale  of  8  miles  to  the  inch.    . 

Dune  Sand  Areas 

In  Manitoba  dune  sands  occupy  1,250  square  miles 
of  a  total  area  of  43,380  square  miles  that  has  been  mapped. 
The  largest  single  area,  much  of  which  is  included  in  the 
Spruce  Woods  forest  reserve,  extends  along  the  Assiniboine 
river  for  fifty  miles  east  from  near  Brandon.  There  are 
other  fairly  large  areas  south  of  Portage  la  Prairie  and  in 
the  Souris  valley  near  Hartney  and  Oak  lake.  Live  dunes 
occur  at  places  in  the  dune  areas,  but  for  the  most  part 
the  surface  has  a  protective  covering  of  vegetation  and 
there  is  comparatively  little  soil  drifting  except  locally. 
The  occurrence  of  remains  of  an  extinct  bison  at  a  depth 
of  only  a  few  feet  in  dune  sand  near  Douglas  shows  that 
some  of  the  dunes  are  very  old.  There  are  few  occurrences 
of  buried  soils  and  it  seems  probable  that  the  dunes  have 
not  been  active  to  any  great  extent  since  they  first  became 
clothed  with  vegetation  several  thousand  years  ago. 

Around  the  margins  of  the  sand  dune  areas  and  in 
places  in  the  Souris  valley,  that  was  once  a  lake  bed,  there 
are  areas  of  dune  silt  and  very  fine  sand.  This  material 
somewhat  resembles  loess  but  differs  from  true  loess  in 
that  it  is  not  compacted  or  cemented  and  is  very  easily 
eroded.  These  soils  drift  badly  once  the  protective  sod  is 
destroyed  by  cultivation,  but  the  areas  are  comparatively 
small. 

In  southern  Saskatchewan  the  largest  tract  of  dune 
sand,  covering  an  area  of  approximately  1,500  square  miles 
and  known  as  the  Great  Sand  Hills,  lies  north  of  the 
Canadian  Pacific  railway  between  Maple  Creek  and  Swift 
Current  and  extends  north  nearly  to  Lancer  on  the  Empress 
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branch  of  the  Canadian  Pacific  railway.  Only  about  20 
square  miles  of  the  area  are  included  in  the  Seward  forest 
reserve  as  the  region  has  little  forest  growth.  In  the 
vicinity  of  the  elbow  of  the  South  Saskatchewan  river  a 
dune  area  of  about  100  square  miles  is  included  in  forest 
reserves.  Another  tract  of  about  the  same  extent  lies  on 
the  east  side  of  the  South  Saskatchewan  river,  south  of 
Saskatoon  and  is  included  for  the  most  part  in  the  Dundurn 
forest  reserve.  Many  smaller  tracts  occur  throughout  the 
region  except  in  the  extreme  south. 

In  the  Great  Sand  Hills  there  are  many  live  dunes 
that  appear  to  have  developed  in  recent  years,  and  some 
damage  to  adjacent  farm  lands  has  been  done  by  drifting 
of  the  sand,  but  the  greater  part  of  the  dune  area  is  pro- 
tected from  drifting  by  vegetation.  Around  the  margins 
of  the  dune  areas  and  particularly  on  the  south  and  east 
sides  there  is  a  belt  a  few  miles  wide  of  very  fine  sand  and 
silt  that  has  been  deposited  from  the  air.  These  areas  drift 
badly  after  a  few  years  cultivation. 

Considered  as  a  whole  the  sand  dune  areas  do  not 
enter  largely  into  the  problem  of  soil  drifting  at  the  present 
time  as  they  have  been  cultivated  to  only  a  slight  extent 
and  are  not  drifting  except  locally.  The  dune  areas  of  very 
fine  sand  and  silt  require  protective  measures  to  prevent 
soil  drifting,  but  are  of  no  great  extent. 

Lake  and  Alluvial  Clay  Areas 

In  Manitoba  and  adjacent  parts  of  Saskatchewan 
stoneless  clay  areas  that  were  once  lake  beds  cover  nearly 
5,000  square  miles,  the  largest  single  area  being  in  the  Red 
River  valley  and  along  the  lower  part  of  the  Assmiboine 
river. 

In  southern  Saskatchewan  lake  clay  forms  the  Regina 
plain,  extending  northwest  from  near  Weyburn  to  Moose 
Jaw  and  south  from  Qu'Appelle  valley  nearly  to  Avonlea. 
Another  large  area  lies  on  the  west  side  of  the  South 
Saskatchewan  river  and  extends  from  Outlook  north 
nearly  to  Saskatoon  and  west  to  Rosetown.  In  the  south 
there  is  a  fairly  large  area  in  the  vicinity  of  Gravelbourg 
and  in  the  west  scattered  areas  to  the  east  of  the  Great 
Sand  Hills.  The  total  area  is  approximately  6,120  square 
miles. 

These  clay  areas  are  generally  considered  as  forming 
the  best  farm  lands.  They  are  afifected  by  soil  drifting 
to  some  extent,  particularly  in  the  southern  drier  parts  of 
the  provinces  and  where  the  soils  have  been  cultivated 
longest.  The  very  factors  which  render  the  soils  easily 
cultivated  and  highly  productive,  namely  their  finely- 
granular  texture  due  to  the  high  organic  matter  content 
in  the  form  of  humus  and  the  calcareous  character  of  the 
soils,  also  render  them  easily  affected  by  soil  drifting. 
Small  rounded  clay  grains,  which  at  first  glance  appear  to 
be  sand  grains,  drift  before  the  wind,  fill  ditches  and 
accumulate  along  fences  and  other  barriers.  Drifting  of 
the  black  clay  soil  of  the  Red  River  valley  is  well  shown 
near  Morris  and  at  other  places  in  southern  Manitoba;  and 
of  the  Regina  brown  clay  soil  at  many  places  along  the 
highway  east  of  Regina  and  between  Regina  and  Moose 
Jaw.  Soil  drifting  in  the  lake  clay  areas  is  not  so  serious 
as  might  be  supposed,  for  it  occurs  chiefly  in  times  of 
drought  and  the  great  depth  of  the  humus  soil  prevents 
exposiire  of  the  subsoil.  There  is  no  question,  however, 
that  soil  drifting  in  the  lake  clay  areas  has  increased  during 
the  past  few  years  and  in  time  will  demand  remedial 
measures  for  its  prevention. 

Lake  Sand  and  Silt  Areas 

Areas  of  sandy  and  silty  soils  in  Manitoba  occur  around 
the  margins  of  the  lake  clay  areas  and  are  widespread  in 
the  ancient  delta  of  the  Assiniboine  river  extending  from 
Brandon  to  Portage  la  Prairie  and  in  the  Souris  valley. 
They  cover  an  area  of  8,340  square  miles. 


In  southern  Saskatchewan  similar  surface  materials 
occupy  areas  in  the  former  lake  beds  along  the  Qu'Appelle 
and  South  Saskatchewan  rivers.  They  are  widespread  in 
the  Rosetown  district  near  Mortlach,  west  of  Moose  Jaw, 
around  the  borders  of  the  Great  Sand  Hills,  and  in  the 
vicinity  of  Saskatoon.  Altogether  there  are  about  1,800 
square  miles  of  sand  and  silt  deposits  in  southern  Saskat- 
chewan. 

These  areas  are  easily  affected  by  soil  drifting  because 
of  the  loose  friable  nature  of  the  soils.  On  account  of  their 
character  and  extent  they  particularly  demand  remedial 
measures  for  the  prevention  of  soil  drifting.  In  Manitoba 
only  parts  of  these  areas  are  affected  particularly  in  the 
Souris  valley  and  in  the  Assiniboine  delta  region,  whereas 
in  Saskatchewan  nearly  all  the  areas  are  affected. 

Boulder  Clay  Areas 

In  southern  Manitoba  soils  developed  on  boulder  clay 
or  glacial  till  are  the  most  widespread  and  are  only  slightly 
affected  by  soil  drifting.  The  few  areas  that  are  affected 
lie  in  the  drier  southwestern  part  of  the  province. 

In  southern  Saskatchewan  the  boulder  clay  areas  are 
also  the  most  extensive  and  are  affected  by  soil  drifting 
particularly  in  the  drier  southern  part  of  the  province  and 
where  the  boulder  clay  has  a  thin  covering  of  sand.  Boulder 
clay  forms  the  surface  materials  over  all  the  region  except 
in  the  former  lake  beds,  in  comparatively  small  areas  where 
glacial  sands  and  gravels  occur,  and  in  parts  of  the  Wood 
Mountain  region  where  there  is  practically  no  glacial  drift. 
The  boulder  clay  varies  in  composition  to  some  extent 
according  to  the  type  of  local  material  from  which  it  has 
been  derived.  In  places  where  there  are  extensive  sand 
formations  underlying  the  drift  or  where  older  glacial  out- 
wash  deposits  have  been  reworked  the  boulder  clay  is  very 
sandy.  It  is  in  this  type  of  deposit  that  drifting  does  the 
most  damage,  for  generally  there  is  nothing  but  a  cobble 
pavement  left  at  the  surface  after  the  top  soil  has  been 
blown  out.  Such  areas  may  be  observed  in  the  vicinity  of 
Aneroid  and  near  the  Moose  Jaw  reservoir  at  Snowdy 
Springs.  There  are  between  65,000  and  70,000  square  miles 
of  boulder  clay  area  in  southern  Saskatchewan  and  about 
a  quarter  of  this  is  the  rolling  moraine  type  of  country. 
The  outstanding  moraine  areas  are  the  Missouri  Coteau, 
Moose  Mountain,  Touchwood  Hills  and  Allen  Hills.  The 
moraine  areas  are  not  cultivated  extensively  and  have  not 
been  affected  by  drifting  except  very  locally.  Large  parts 
of  the  more  even  ground  moraine  type  of  country  par- 
ticularly in  the  region  south  of  the  Qu'Appelle  and  South 
Saskatchewan  river  valleys  are  affected  by  soil  drifting,  but 
in  places  also  to  the  north  of  these  valleys. 

"Burn-out"  Areas 

Areas  in  southern  and  southwestern  Saskatchewan 
where  the  surface  of  the  ground  is  characterized  by  shallow 
depressions  having  little  or  no  humus  soil  and  containing 
in  many  places  accumulations  of  soluble  salts  are  known 
locally  as  "burn-outs"  or  "blow-outs."  They  occur  in  the 
drier  southern  and  southwestern  parts  of  the  province, 
chiefly  in  boulder  clay  tracts  that  have  a  thin  covering  of 
fine  sand  and  silt  deposited  from  the  air.  The  depressions 
are  a  few  inches  deep,  and  are  roughly  circular  or  oval  in 
shape,  varying  from  a  few  feet  to  twenty  or  thirty  feet  or 
even  more  across;  and  as  the  bare  subsoil  is  exposed  and 
there  are  accumulations  of  salts,  chiefly  sulphates  of  sodium 
and  magnesium,  in  them,  they  are  not  productive  under 
cultivation  except  in  very  favourable  seasons. 

Development  of  the  "burn-outs"  appears  to  have  ante- 
dated the  period  of  intensive  settlement  judging  from  the 
accounts  of  early  settlers  who  state  that  after  ranching 
began  in  the  region  and  measures  were  taken  to  prevent 
the  spread  of  prairie  fires,  the  result  of  protection  from 
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fires  was  that  the  soil  became  covered  with  a  thick  mat 
of  prairie  grasses  and  when  fires  did  occur  the  surface  soil 
in  places  was  destroyed.  During  the  past  thirty  years, 
however,  there  have  been  comparatively  few  prairie  fires 
and  the  "burn-out"  areas  appear  to  have  remained  in 
about  the  same  condition  or  to  have  been  extended.  Similar 
soils  occur  in  semi-arid  regions  in  other  parts  of  the  world 
and  are  known  as  saline,  white  alkali  or  solontshak  soils. 
It  is  possible  that  prairie  fires  may  have  had  something  to 
do  with  the  formation  of  the  depressions  but  the  main 
factors  probably  are  the  dry  climatic  conditions,  the  effects 


of  high  winds,  and  the  character  of  the  materials  on  which 
the  soils  are  developed. 

The  "burn-out"  areas  occur  chiefly  in  two  regions,  in 
a  belt  ten  to  twenty  miles  wide  along  the  International 
boundary  and  extending  for  one  hundred  miles  east  of  the 
Alberta  boundary;  and  in  a  belt  about  ten  miles  wide 
between  Avonlea  and  Estevan  in  south-central  Saskat- 
chewan. Farming  of  these  areas  has  been  attempted  at 
many  places  but  with  no  great  success.  Owing  to  the  un- 
usual soil  conditions  the  areas  present  special  problems  not 
entirely  connected  with  soil  drifting. 


Tree  Planting  in  Relation  to  Drougtit  Control 

Norman  M.  Ross, 
Chief  of  Tree  Planting,  Forest  Nursery  Station,  Department  of  Agriculture,  Indian  Head,  Sask. 

Paper  presented  at  the  General  Professional  Meeting  of  The  Engineering  Institute  of  Canada,  Toronto,  Ont., 

February  7th  and  8th,  1935. 


The  present  situation  in  many  large  areas  of  the 
prairie  provinces,  brought  about  by  successive  seasons  of 
drought,  is  a  most  serious  one.  Much  concern  is  being  felt 
regarding  the  future,  should  similar  conditions  recur,  as 
past  history  would  indicate  to  be  almost  a  certainty. 

Drought  conditions,  coupled  with  the  common  practice 
of  bare  summer-fallowing  of  immense  acreages  with  repeated 
cultivation  of  the  soil,  has  so  depleted  the  natural  fibre 
and  humus  that  soil  drifting  has  become  a  serious  menace. 
It  is  doubtful  whether  soil  drifting  in  these  areas  can  now 
be  controlled,  even  in  seasons  of  normal  precipitation, 
unless  some  radical  change  is  made  in  cereal  farming 
methods. 

The  daily  press,  farm  papers  and  even  popular  maga- 
zines have  been  carrying  numerous  articles  dealing  with 
the  situation  which  is  recognized  as  a  national  calamity, 
calling  upon  governments  to  do  something  about  it. 

Suggestions  to  counteract  the  effect  of  drought  have 
been  freely  offered,  often  by  those  not  sufficiently  con- 
versant with  the  practical  problems  involved,  advocating 
schemes  of  a  wholesale  nature  the  carrying  out  of  which 
would  involve  enormous  expenditures,  and  setting  forth 
extravagant  claims  as  to  the  benefits  which  would  result. 
Most  of  these  suggestions  have  included  wholesale  planting 
of  trees,  with  the  claim  that  by  so  doing  rainfall  would  be 
increased  and  the  climate  changed.  Unfortunately  such 
claims  are  not  justified  by  available  data  and  immediately 
invite  adverse  criticism.  This  is  most  unfortunate,  for  in 
the  resulting  controversy,  the  very  great  economic  benefits 
which  might  follow  the  systematic  establishment  of  practical 
shelter  belts  are  sidetracked  and  more  or  less  overlooked. 

For  the  benefit  of  those  not  familiar  with  prairie  con- 
ditions the  problems  of  tree  planting  in  these  areas  may  be 
briefly  considered.  In  passing,  the  author  may  mention 
that  the  facts  submitted  and  the  opinions  expressed  are 
based  on  over  thirty-seven  years  actual  residence  in  Mani- 
toba and  Saskatchewan,  the  last  thirty-four  of  which  have 
been  spent  in  supervising  a  scheme  which  has  for  its  object 
the  establishment  of  plantations  on  prairie  farms. 

During  this  period  one  hundred  and  thirty-nine  and  a 
quarter  millions  of  seedlings  and  cuttings  have  been  sent 
out  from  the  Dominion  Forest  Nursery  Stations  into  the 
three  prairie  provinces,  distributed  amongst  approximately 
fifty-four  thousand  farmers.  Over  fifty  per  cent  of  these 
are  in  Saskatchewan.  Some  failures  have  naturally  occurred 
but  are  only  a  small  proportion  of  the  whole. 

On  account  of  a  minimum  of  precipitation  and  extremes 
in  temperature  certain  methods  in  establishing  plantations 
must  be  followed  out.  One  cannot,  as  in  the  east,  just  go 
ahead  and  dig  holes  in  the  ground,  plant  the  trees  and 


then  leave  them  to  become  established.  Before  planting 
the  soil  must  be  carefully  prepared,  to  eradicate  native 
perennial  grasses  and  weeds  and  also  to  store  up  a  reserve 
of  moisture  to  give  the  new  plantings  a  reasonable  start. 
After  planting  the  belts  must  be  given  systematic  cultiva- 
tion to  conserve  the  very  limited  supply  of  moisture  and 
prevent  the  growth  of  grass  and  herbaceous  weeds  which 
would  compete  with  the  trees  for  such  httle  moisture  as  is 
available.  Then  a  wise  choice  of  varieties  must  be  made, 
using  only  such  kinds  as  experience  has  shown  to  be  hardy 
and  capable  of  standing  up  under  prolonged  periods  of 
drought.  Unfortunately  choice  is  thus  limited  to  a  very 
narrow  list  and  in  dealing  with  the  areas  most  subject  to 
drought  the  selection  is  practically  confined  to  three  varieties 
of  broad  leaf  species,  namely,  caragana,  ash  and  elm  and  a 
few  varieties  of  hardy  spruce  and  pine.  This  does  not 
mean  that  there  are  not  other  kinds  of  trees  and  shrubs 
hardy  enough  to  withstand  severe  conditions,  but  avail- 
ability of  seed  and  comparatively  cheap  production  costs 
must  be  considered  when  dealing  with  any  extensive 
scheme  of  planting.    Even  in  unfavourable  districts  there 


Fi^.  1 — An  isolated  Plantation  on  a  very  exposed  Site  South  of 

Swift  Current.    Trees  up  to  40  feet  high,  planted  4  by  4  feet 

enclosing  Garden  Plot.     Photo  taken  in  July  1934  following 

a  series  of  abnormally  dry  seasons. 


are  often  locations  where,  owing  to  a  high  water  table  or 
topographical  features  favouring  the  retention  of  surface 
drainage  moisture,  other  kinds  such  as  Manitoba  maple 
and  varieties  of  the  poplars  and  willows  can  be  used  with 
good  success.  In  the  so-called  park  area  tree  planting  is 
not  so  much  of  a  problem,  but  even  here  periodic  dry 
spells  are  experienced  and  proper  methods  must  be  followed 
out  to  secure  successful  results. 
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As  a  result  of  many  years  experience  and  observation 
the  author  is  convinced  that  trees  can  be  grown  anywhere 
on  the  prairie  where  cereal  crops  can  be  raised  success- 
fully in  seasons  of  normal  rainfall.  Plantations  can  be 
established  when  moisture  conditions  are  favourable  and 
from  actual  experience  will  survive  several  successive  sea- 
sons of  drought  even  when  moisture  is  not  sufficient  to 
produce  even  a  poor  grain  crop.  The  fact  should  not  be 
overlooked  that  many  comparatively  old  plantations  have, 
during  the  last  four  dry  years,  been  very  seriously  set  back 
and  in  some  cases  have  failed  completely.  But  these 
failures  are  due  mostly  to  neglect,  to  the  planting  of  un- 
suitable varieties,  to  insect  and  rodent  damage  and  in  some 
cases  to  being  buried  by  drift  soil.  These  are  factors,  how- 
ever, which  can  be  controlled.  Such  failures,  while  naturally 
a  source  of  great  discouragement  to  the  owners  of  the 
plantations,  nevertheless  are  of  considerable  value  in 
demonstrating  what  to  avoid  in  the  future. 

Assuming  therefore  that  it  is  not  impractical  to  grow 
plantations  in  the  agricultural  areas  of  the  prairies,  the 
question  arises  whether  belts  can  be  estabUshed  on  a  wide 
enough  scale  to  appreciably  ameliorate  drought  conditions, 
and  if  so  would  the  accruing  benefits  compensate  for  the 
labour  and  expense?  In  trying  to  find  an  answer  we  are 
confronted  by  an  uncertain  quantity,  namely,  the  human 
factor.  Success  really  depends  more  on  this  particular 
factor  than  on  anything  else.  Where  a  man  has  the  in- 
born desire  to  grow  trees  and  has  the  necessary  knowledge, 
he  will  make  a  success  of  it  under  the  most  trying  circum- 
stances. But  without  such  will  to  succeed  no  amount  of 
legislation  or  government  assistance  is  likely  to  bring  about 
the  desired  result.  If  a  government  organization  could  have 
complete  control  of  all  factors,  namely  both  the  land  and 
labour  involved,  then,  with  a  well  thought  out  plan,  a  very 
reasonable  degree  of  success  might  be  anticipated.  Under 
our  system  of  government  this  is  hardly  possible.  What 
then  is  the  most  promising  procedure?  If  it  could  be 
clearly  demonstrated  that  field  shelter-belts  were  a  paying 
proposition  it  might  not  be  difficult  to  induce  farmers  to 
undertake  such  plantings  with  confidence  and  with  success. 
Unfortunately  there  is  at  present  but  little  reliable  in- 
formation available  on  the  beneficial  effects  of  field  shelters. 
There  are,  it  is  true,  numerous  instances  on  record  where 
shelters  have  not  only  saved  crops  from  drifting,  but  have 
greatly  increased  the  yields  within  their  influence.  Every 
one  who  has  lived  on  the  prairies  concedes  the  benefits 
resulting  from  tree-sheltered  gardens  and  fruit  plots.  The 
field  shelter  idea  is  only  going  a  step  further  and  those  who 
have  had  the  opportunity  to  make  extended  observations 
are  generally  convinced  that  the  idea  of  such  plantings  is 
basically  sound. 

Carlos  G.  Bates,  Senior  Silviculturist  of  the  United 
States  Forest  Service,  in  a  recently  published  statement, 
discussing  the  American  shelter  belt  project,  says,  "There 
is  an  obvious  reason  for  scepticism  as  to  the  effects  which 
the  retention  of  moisture  through  the  reduction  of  wind 
movement  and  evaporation  has  upon  crops.  .  .  .  The  Forest 
Service  has  conducted  no  systematic  investigations  along 
the  line  of  these  particular  problems  since  1908.  While 
innumerable  examples  of  striking  benefits  to  crops  from 
shelter  belts  have  been  recorded  .  .  .,  we  fully  reaUze  the 
extreme  difficulty  of  finding  physical  situations  in  which 
'Fair  experimental  conditions'  are  at  all  well  satisfied.  .  .  . 
What  is  needed  for  satisfying  experiment  and  observations 
is  an  immense  field  laboratory  with  all  soil  conditions  under 
control,  shelter  belts  built  to  satisfactory  specifications, 
etc."  Mr.  Bates  further  states  that  actually  a  portion  of 
the  million  dollars  already  voted  by  Congress  will  be  used 
in  establishing  such  a  field  laboratory  or  demonstration 
area  and  carrying  on  research  elsewhere  when  opportunity 
is  afforded. 


Exactly  the  same  sort  of  thing  is  needed  in  Canada, 
viz.:  The  creating  of  one  or  more  demonstration  areas  in 
each  of  our  prairie  provinces  where  blocks  of  land  of  a 
suitable  size  (say  not  less  than  9  sections  in  a  square) 
can  be  secured  by  the  governments  concerned  and  handled 
under  complete  control  as  large-scale  illustration  stations. 
In  such  areas  all  the  best  theories  for  cultural  practice, 
local  water  conservation  by  dams,  and  shelter-belt  plantings 
could  be  combined  and  maintained  for  a  sufficiently  long 
period  of  years  so  as  to  afford  absolutely  conclusive  data. 
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Fig.  2— Grain  field  at  Hugendon,  Alta.,  June  1929.  Note  how 
the  shelter  belt  only  3  to  4  feet  high  has  completely  stopped 
the  drift  soil  and  saved  the  crop.  This  .field  gave  a  good  yield 
of  grain,  while  the  crop  in  that  adjoining  was  a  complete 

failure. 

Such  projects  would  not  require  immense  expenditure,  as 
in  most  cases  the  lands,  already  reasonably  equipped  with 
buildings,  have  reverted  to  the  municipalities  for  taxes. 
After  a  few  years  of  preliminary  treatment,  such  areas 
should  return  sufficient  from  crops  grown  to  carry  the 
greater  part  of  the  cost.  Would  not  such  projects  be  more 
valuable  to  the  west  than  the  expenditures  of  huge  sums 
in  public  buildings  and  other  so-called  relief  projects  of  a 
non-revenue-producing  nature  ?  Such  demonstration  areas, 
if  successful,  would  do  more  to  encourage  and  stimulate 
the  general  practice  of  the  systems  advocated  than  any- 
thing else.  If  not  successful,  the  sooner  that  is  determined 
the  better. 

It  is  impossible  in  a  short  paper  to  take  up  the  beneficial 
effects  of  shelter  belts  which  have  been  well  demonstrated 
already  in  a  limited  way  in  scattered  individual  examples. 
Suffice  it  to  say  that  practical  foresters  with  experience  in 
prairie  planting  do  not  expect  even  the  most  extensive 
plantations,  which  it  would  be  possible  to  establish  arti- 
ficially, either  to  increase  precipitation  or  change  the 
climate.  What  they  do  claim  is  that  plantings  would 
make  the  prairie  more  livable,  would  tend  to  check  winds, 
thus  conserving  at  least  some  moisture,  and  in  some 
degree  help  to  check  soil  drifting  and  would  also  tend  to 
conserve  winter  snowfall  from  which  some  increase  of 
moisture  may  be  expected  as  against  a  complete  run  off. 

It  is  hard  to  tell  what  the  economic  value  would  be, 
but  there  is  reason  to  believe  it  would  not  be  inconsiderable. 
Tree  planting  on  the  prairies,  irrespective  of  field  shelters, 
has  already  proved  itself  and  in  any  event  is  worthy  of 
every  encouragement.  In  addition  to  the  establishment  of 
the  large-scale  illustration  areas  already  referred  to,  all 
necessary  assistance  should  be  extended  to  individual 
farmers  to  continue  planting  around  their  building  sites 
and  to  those,  increasing  in  numbers  year  by  year,  who  are 
actually  setting  out  field  shelters  on  their  own  initiative. 
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The  Surface  Waters  of  the  Canadian  Prairie 
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Paper  presented  at  the  General  Professional  Meeting  of  The  Engineering  Institute  of  Canada,  Toronto,  Ontario, 

February  7th  and  8th,  1935. 

SUMMARY. — The  paper  deals  with  a  number  of  drainage  basins  in  southern  Alberta,  southern  Saskatchewan  and  south-western  Manitoba,  covering 
about  130,000  square  miles,  most  of  the  area  being  treeless  prairie  with  an  average  precipitation  of  about  15  inches. 

The  general  relations  between  precipitation,  absorption,  evaporation  and  run-off  are  discussed,  and  possible  methods  of  flood  control  and  storage  to 
provide  local  supplies  are  indicated. 


PART  I. ^CLIMATE  AND  SURFACE  WATER 

The  development  of  any  area,  where  cHmatic  con- 
ditions approach  aridity,  depends  very  much  upon  the 
way  its  water  is  conserved  and  used.  It  is  important, 
therefore,  that  the  closest  possible  study  of  our  water 
supply  should  be  made.  This  paper  will  deal  with  the 
relationship  between  surface  water  and  climatic  phenomena, 
and  also  touch  briefly  upon  the  use  and  physical  control  of 
our  waters. 

The  area  dealt  with  consists  of  the  watersheds  of  the 
Souris  and  Qu'Appelle  rivers;  the  tributary  basin  of  the 
South  Saskatchewan  between  Saskatoon  and  the  foothills; 
that  part  of  the  Mississippi  watershed  in  Canada;  and  a 
number  of  smaller  drainage  areas  adjoining  the  above. 
Many  of  the  smaller  drainage  basins  have  run-off  only  to 
lakes  which  have  no  outlet.  The  map.  Fig.  1,  shows  the 
drainage  basins  referred  to  above,  those  without  outside 
drainage  being  shaded.  For  this  paper  the  areas  outlined, 
being  about  130,000  square  miles,  will  be  considered  as  the 
Canadian  prairie.  This  includes  practically  all  of  the 
open  or  treeless  prairie;  some  partially  wooded  hill  areas 
such  as  the  Cypress  Hills  in  south-western  Saskatchewan; 
and  part  of  the  park  or  grove  belt  to  the  north  and  east  of 
the  prairie. 

The  average  annual  precipitation  ^  over  this  area 
varies  from  12  to  20  inches,  most  of  the  area  having  between 
13  and  16  inches  with  heavier  precipitation  in  all  ranges 
of  hills.  Fifteen  inches  is  an  approximate  figure  for  average 
precipitation  over  the  area.     Mean  monthly  temperatures 

1  Where  the  term  "annual  precipitation"  is  used,  or  the  word 
precipitation  is  used  in  a  general  way,  it  is  intended  to  refer  to  all  the 
water  received  as  snow  or  rain.  Ten  inches  of  snow  is  assumed  to 
ontain  one  inch  of  water. 
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for  January,  the  coldest  month,  range  from  16  degrees  in 
the  south-west  corner  to  —  6  degrees  in  the  north-east.  For 
July,  the  hottest  month,  mean  temperatures  range  from 
62  to  68  degrees.  Strong  winds  are  common  at  all  times, 
humidity  is  low,  and  evaporation  is  very  rapid,  particu- 
larly in  the  south-west.  Most  of  the  surface  soil  is  very 
fertile,  and  when  there  is  sufficient  moisture,  plant  growth 
is  rapid  in  the  long  days  of  early  summer. 

The  waters  of  local  origin  may  be  divided  into  two 
classes — streams  and  lakes.  Only  these  local  waters  are 
studied  here,  but  in  addition  there  is  another  important 
class  in  the  streams  of  mountain  origin  flowing  through  the 
prairie.  The  local  waters  are  maintained  by  precipitation 
falling  upon  the  prairie  area.  The  third  class,  consisting 
of  the  Saskatchewan  river  and  some  of  its  tributaries,  is 
maintained  chiefly  by  the  precipitation  faUing  upon  the 
eastern  slope  of  the  Rocky  Mountains.  Most  of  the  local 
streams  contain  water  suitable  for  irrigation  and  industrial 
purposes,  and  with  treatment  could  be  used  for  domestic 
and  municipal  supply.  All  of  the  lakes  are  mineralized  to 
some  extent,  the  mineral  content  being  higher  in  the  lakes 
without  outlet  and  increasing  during  years  of  drought. 
While  the  mountain-fed  streams  may  eventually  prove  to 
be  of  more  economic  importance  than  those  of  local  nature, 
the  local  streams  are  more  easily  utihzed. 

Disposal  of  Water  Coming  in  Precipitation 
In  order  to  arrive  at  a  better  understanding  of  the 
relationship  between  surface  waters  and  precipitation,  it 
is  suggested  that  the  whole  process  of  the  disposal  of  water 
arriving  as  precipitation  be  considered.  That  process  is 
illustrated  in  the  diagram  in  Fig.  2.  When  water  comes 
in  the  form  of  rain  or  snow,  some  of  it  is  evaporated  directly 
from  the  surface  upon  which  it  falls,  some  soaks  into  the 
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Fig.  1 — Drainage  Areas  of  the  Canadian  Prairie. 
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ABLE  I.- 

-Stream  Flow 

Measurements 

Annual  Run-off — Inches  over  drainage  area. 

Drainage 

Average 

Stream 

Point 

area  square 

1919 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

for 

measured 

miles 

1920 

1921 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

period 

Aasiniboine 

Millwood 

7,590 

1,444 

2.282 

4.054 

2.268 

.651 

1.240 

.67 

2.17 

1.50 

.54 

1.487 

Assiniboine 

Headingly 

02,760 

..385 

.410 

.816 

.841 

.361 

.562 

,20 

.855 

.626 

.19 

..525 

Qu'Appelle 

Tantallon 

20,600 

•090 

•.058 

•305 

•.205 

•.090 

•234 

•04 

•219 

•.215 

♦.02 

•148 

Moose  Jaw  Creek 

McCarthy's  Farm 

1,960 

.460 

.050 

.51 

.651 

•.219 

•.612 

•.05 

•943 

•23 

•002 

•373 

Souris  River 

Wawanesa 

2.3,400 

M77 

•.055 

•177 

•.266 

♦.072 

•.258 

•03 

•.438 

•.260 

•.041 

•.177 

Swan  River 

Swan  River 

1,215 

3.189 

4.584 

7.931 

7.125 

1.833 

5.308 

2.63 

6.08 

2.31 

.787 

3.97 

Saskatchewan 

The  Pas 

149,500 

1.931 

2.261 

2   191 

2.534 

1.747 

2.237 

1.89 

3.39 

3.13 

1.49 

2.26 

Carrot  River 

Kinistmo 

320 

.670 

•3.110 

•2.75 

.597 

•.417 

•.486 

•.51 

•1.67 

•.57 

•.56 

•1.134 

North  Saskatchewan 

Prince  Albert 

46,100 

3.16 

2.41 

2.02 

2.740 

2.206 

2.878 

2.54 

3.53 

3.13 

1.76 

2.637 

Battle  River 

Battleford 

11,850 

•80 

♦.48 

•16 

•.133 

•.135 

•.341 

•.35 

•.96 

•.38 

•.12 

•386 

South  Saskatchewan 

Saskatoon 

50.900 

3.15 

2.07 

2.08 

3.060 

2.179 

2.688 

2  21 

4.89 

4.46 

2.31 

2,91 

Swift  Current  Creek 

Swift  Current 

1.160 

.91 

.66 

1.25 

.891 

.318 

1.303 

.80 

1.466 

1.09 

.49 

.918 

Battle  Creek 

Int.  Boundary 

726 

•.66 

•49 

•1.38 

•.433 

♦.245 

•1.118 

•31 

•2.51 

♦1.26 

•.59 

•.90 

Frenchman  River 

Int.  Boundary 

1,875 

•81 

♦.48 

♦1.15 

♦.933 

•.328 

•1.321 

•.57 

•2.00 

•1.07 

•.35 

•.901 

Winnipeg  River 

Slave  Falls 

49,700 

7.30 

6.05 

7.30 

6.08 

5.60 

4.99 

5.82 

14.25 

7.89 

7.19 

7.247 

•Indicates  open  water  record  only. 


surface  soil  and  some  runs  off  over  the  surface.  This  initial 
division  is  shown  at  the  top  of  the  diagram  as  direct  evap- 
oration, soil  absorption,  and  initial  run-off.  The  water 
absorbed  by  the  surface  soil  does  not  remain  there  and 
should  be  followed  further.  In  fertile  soil,  a  large  proportion 
of  the  water  absorbed  by  the  soil  is  reached  by  the  roots  of 
vegetation;  and  through  transpiration  is  turned  back  to 
the  atmosphere.  As  surface  soil  dries  out,  some  moisture  is 
brought  up  from  the  lower  strata  by  capillary  action  and 
is  then  evaporated.  These  processes  account  for  a  very 
large  percentage  of  the  water  entering  the  surface;  but 
where  soil  is  unusually  porous,  a  portion  continues  to 
penetrate  into  the  ground.  Such  water  then  becomes 
ground  water.  This  may  be  added  to  by  water  from 
initial  run-off  penetrating  the  ground  from  beds  of  streams 
or  ponds. 

On  the  Canadian  prairie  there  is  an  evaporation  from 
open  water  equal  to  approximately  twice  the  precipitation 
and  every  stream  and  lake  loses  from  its  surface  through 
evaporation.  Small  streams  also  lose  water  through 
absorption  along  their  banks,  which  water  is  turned  into 
the  air  as  described  for  soil  absorption.  The  surface  water 
not  accounted  for  in  the  foregoing,  and  leaving  the  area  in 
surface  streams,  then  becomes  final  run-off.  This  run-off 
is  generally  measured  as  depth  in  inches  over  the  drainage 
area. 

Water  which  penetrates  the  ground  beyond  surface 
influences  where  it  fell  has  been  described  as  ground  water, 
but  such  water  is  continually  being  brought  to  the  surface 
again.  A  large  percentage  of  it  works  through  nearly 
horizontal  strata  and  appears  in  valleys  as  springs,  or  it 
may  be  brought  to  the  surface  by  artificial  means.  It  is 
then  either  evaporated,  or  becomes  part  of  the  run-off. 
A  part  may  continue  to  move  underground  until  it  leaves 
the  area  studied,  when  it  becomes  deep  seepage. 

The  diagram  shows  typical  final  disposal,  with  the 
same  divisions  as  for  initial  disposal,  but  with  greatly 
changed  proportions.  The  upper  part  of  the  chart  is  not 
drawn  to  scale  for  usual  prairie  conditions.  The  lower  line 
shows  the  division  which  the  author  beheves  to  exist  for 
the  Canadian  prairie  as  a  whole.  It  is  beheved  that  the 
amount  lost  through  deep  seepage  is  extremely  small  when 
expressed  as  a  percentage  of  precipitation,  and  is  offset  by 
water  received  from  mountains  to  the  west  through  under- 
ground sources,  and  is,  therefore,  ignored  in  a  study  of  the 
entire  area.  As  will  be  shown  later,  the  final  run-off  is 
about  two  per  cent  of  the  precipitation,  some  98  per 
cent  being  returned  to  the  atmosphere  over  the  entire 
prairie  area.    There  is  a  marked  tendency  for  the  percentage 


of  water  taken  away  by  deep  seepage  and  run-off  to  de- 
crease as  the  drainage  basin  increases  in  size  and  naturally 
there  is  a  corresponding  increase  in  amount  taken  by 
evaporation.  No  consideration  has  been  given  in  the 
foregoing  to  storage,  as  average  conditions  are  being  con- 
sidered. Storage  will  take  place  in  a  year  of  higher  than 
normal  precipitation,  or  perhaps  in  a  normal  year  following 
extremely  dry  conditions.  When  storage  does  take  place, 
the  proportion  will  be  higher  for  the  larger  drainage  areas. 

/AT/ZMZ.  if/rscr 
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Fig.  2 — Final  Disposal  of  Water  from  Precipitation. 


This  is  another  factor  tending  to  decrease  the  run-off  (as 
depth  over  drainage  area  or  percentage  of  precipitation) 
as  the  drainage  area  is  increased.  This  tendency  is  clearly 
shown  in  run-off  statistics,  and  while  it  may  be  significant 
only  in  semi-arid  regions,  its  importance  in  these  regions 
should  be  more  generally  recognized. 

It  is  appreciated  that  even  the  prairie  streams  generally 
have  their  headwaters  in  ranges  of  hills  where  the  precipita- 
tion is  higher  than  the  average  for  the  whole  area  and 
topography  is  more  rugged.  This  tends  to  increase  the 
run-off  for  small  streams  as  compared  with  that  for  large 
watersheds.     There  is,  however,  ample  evidence  to  show 
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that  the  average  run-off  is  greater  for  small  watersheds  than 
for  larger,  other  conditions  being  similar. 

Run-Off  and  Precipitation 
Table  I  gives  the  run-off  for  a  number  of  prairie 
streams  and  a  few  in  adjoining  wooded  areas  for  the  ten 
water-years  from  October  1st,  1919,  to  September  30th, 
1929,  taken  from  the  Water  Supply  Papers  of  the  Domi- 
nion "Water  Power  and  Hydrometric  Bureau.  While 
the  measurements  for  Qu'Appelle  and  Souris  rivers  cover 
the  open  water  period  only,  it  is  believed  that  the  winter 
flow  would  be  very  small  when  expressed  as  depth  over 
drainage  area,  and  that  the  total  run-off  is  little  over  two- 


Fig.  3 — The  Souris  River  Near  Estevan,  Sask. 

tenths  of  an  inch.  The  Souris  river,  measured  at  Minot 
for  twenty-two  years  by  the  United  States  Geological 
Survey,  gives  an  average  of  twenty-three  hundredths  oJF  an 
inch.  Smaller  streams  of  the  Mississippi  and  South  Sas- 
katchewan river  watersheds  show  higher  run-off,  but  on  the 
other  hand,  there  are  large  areas  where  there  is  no  outside 
run-off.  Taking  all  drainage  basins  into  consideration,  the 
author  has  suggested  three-tenths  of  an  inch  as  a  figure 
covering  the  total  run-off  from  the  area,  and  is  satisfied 
that  it  does  not  exceed  this  amount.  This  would  be  two 
percent  of  precipitation  if  an  estimate  of  fifteen  inches  is 
accepted  for  the  average  value. 

While  the  stream-flow  data  available  are  valuable  in 
any  study  of  waters,  in  most  instances  the  figures  cover  a 
very  short  period,  and  there  are  streams  for  which  there  are 
practically  no  data.  Meteorological  records  are  not  as 
comprehensive  as  one  would  Uke,  but  they  cover  the 
prairie  area  better  and  for  a  longer  period  than  the  hydro- 
metric  records  do.  It  is  important  then  that  an  endeavour 
should  be  made  to  establish  the  relationship  between  mete- 
orological records  and  stream  flow. 

The  author  has  endeavoured  to  study  available 
literature  as  well  as  the  prairie  records  in  a  search  for  this 
relationship.  A  number  of  simple  formulae  and  graphs 
are  available  which  attempt  to  give  the  approximate 
relationship  between  annual  precipitation  and  run-off. 
Most  of  these  are  clearly  inaccurate  with  a  light  precipita- 
tion. Some  seem  to  give  approximately  correct  results  for 
small  drainage  areas,  say  under  500  square  miles,  but  none 
are  of  value  for  the  larger  basins.  Unquestionably  the 
proper  approach  is  to  think  of  the  run-off  as  a  residue  of 
precipitation  after  deducting  the  losses  for  evaporation, 
transpiration  and  seepage.  Professor  E.  F.  Chandler^  of 
Grand  Forks,  N.D.,  suggests  20  inches  as  the  approximate 
requirements  for  evaporation  and  transpiration  in  northern 
states  and  thinks  that,  generally  speaking,  when  precipita- 
tion exceeds  20  inches,  the  amount  over  20  inches  will  be 
found  in  run-off. 


This  rule  may  not  be  of  direct  help  as  our  precipitation 
is  under  20  inches,  but  it  does  bring  out  an  important  fact 
concerning  run-off,  namely,  that  the  average  precipita- 
tion does  not  meet  the  normal  demands  of  transpiration  and 
evaporation.  The  streams  originating  in  the  prairie  and 
lake  levels,  then,  are  dependent  upon  water  from  snow 
which  melts  and  runs  off  when  the  ground  is  frozen ;  a  small 
run-off  from  unusually  heavy  rains  falling  on  small  areas 
faster  than  it  can  be  absorbed;  and  a  very  small  discharge 
from  ground  water  accumulated  in  unusually  porous  soil 
deposits. 

The  most  complete  general  study  of  the  subject  which 
the  author  has  found  is  contained  in  a  paper^  by  Mr.  Meyer 
who  also  deals  with  the  matter  and  gives  his  charts  in  his 
book.*  His  method  is  to  compute  all  losses  from  precipita- 
tion, taking  into  consideration  the  physical  features  oi  the 
watershed  as  well  as  all  meteorological  data. 

Mr.  E.  G.  Marriott,  a.m.e.i.c,  of  Victoria,  B.C., 
states*  that  he  found  Mr.  Meyer's  method  worked  out 
well  with  streams  near  Kamloops,  B.C.,  where  annual 
precipitation  is  as  low  as  ours.  The  author  has  not  been  as 
successful  in  applying  the  method  to  prairie  streams, 
though  it  may  be  that  the  data  used  were  not  complete 
enough.  Certainly  Mr.  Meyer's  approach  to  the  subject 
is  scientific  and  logical,  but  it  is  doubtful  if  results  would  be 
accurate  enough  to  warrant  the  work  involved.  Methods 
which  might  be  entirely  practicable  in  areas  where  pre- 
cipitation is  greater,  and  where  twenty  to  fifty  per  cent  of 
precipitation  finds  its  way  into  streams,  may  not  be  feasible 
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2  "  What  Becomes  of  Rainfall  in  North  Dakota,"  University  of 
North  Dakota  Quarterly  Journal,  January  1925. 
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Fig.  4 — Precipitation  and  Run-Off,  Souris  River  above  Minot, 

N.D. 

in  an  area  where  run-off  is  only  two  to  five  per  cent.  Changes 
in  meteorological  conditions  which  would  be  hard  to  record 
might  easily  make  a  difference  of  one  or  two  per  cent  in  the 
amount  of  the  annual  precipitation  reaching  streams. 
Such  variations  would  approach  fifty  per  cent  of  our  run- 
off, but  would  be  barely  noticeable  in  some  humid  districts. 

3  "  Computing  Run-Off  from  Rainfall  and  other  Physical  Data," 
by  A.  F.  Meyer,  Vol.  79,  Transactions  of  the  American  Society  of  Civil 
Engineers,  1915. 

4  Elements  of  Hydrology,  A.  F.  Meyer,  Wiley,  New  York. 

5  The  Engineering  Journal,  September  1927. 
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All  who  have  studied  prairie  conditions  will  agree  that 
the  dependable  surface  flow  from  small  areas  is  from 
winter  precipitation.  The  author  beheves  that  the  flow 
of  the  larger  local  streams  is  dependent  chiefly  upon  snow- 
fall and  fall  rains.  The  fall  rains  probably  affect  the  run- 
off in  two  ways.  Professor  Chandler  suggests  that  when  the 
surface  soil  freezes  in  a  wet  condition,  it  is  more  effectively 
sealed,  and  a  larger  portion  of  water  from  melting  snow 
runs  off  in  the  spring.  It  is  believed  too  that  more  of  the 
fall  rain  penetrates  the  ground  than  any  other  precipitation. 
From  this  ground  storage  some  water  finds  its  way  into 
streams  for  flow  in  the  winter  (where  any  exists)  or  during 
the  following  summer. 

No  formula  is  suggested  here  for  determination  of  run 
off  from  precipitation  but  it  is  believed  that  our  stream 
flow  is  primarily  dependent  upon  fall  and  winter  (October 
to  March  inclusive)  precipitation.  Where  the  water  year 
(October  1st  to  September  30th)  is  used,  it  is  suggested  that 
the  flow  of  the  prairie  streams  is  dependent  upon  the  pre- 
cipitation of  the  first  six  months.  As  the  winter  flow  is 
extremely  small,  the  calendar  year  may  be  used  instead, 
and  stream  flow  considered  as  dependent  upon  the  pre- 
cipitation of  six  months  beginning  the  preceding  October  1st. 

Heavy  rains  in  September  seem  to  affect  the  run-off 
for  the  following  year  also,  probably  through  increased  yield 
from  the  ground  waters.  September  rains  are  usually 
light,  however,  and  for  convenience,  the  six  months  be- 
ginning October  1st  has  been  adopted  as  the  period  during 
which  precipitation  has  the  controlhng  effect  upon  stream 
flow. 

Figure  4  is  a  diagram  showing  the  approximate  relation- 
ship between  fall  and  winter  precipitation,  summer  pre- 
cipitation, total  precipitation  and  run-off  for  the  Souris 
river  at  Minot,  N.D.  Run-off  is  shown  as  measured  by 
the  United  States  Geological  Survey  and  is  expressed  as  a 
percentage  of  the  average  for  the  period.  Precipitation  is 
estimated  from  the  records  published  by  the  province  of 
Saskatchewan  and  state  of  North  Dakota,  and  is  expressed 
in  the  same  way.  While  run-off  does  not  follow  fall  and 
winter  precipitation  closely,  there  is  a  much  closer  relation- 
ship than  that  existing  between  total  precipitation  and  run- 
off. During  some  years,  the  summer  and  winter  precipita- 
tion shows  the  same  trend,  in  which  case  it  is  difficult  to 
see  which  affects  the  stream  flow.  Where  they  show 
opposite  trends,  the  winter  precipitation  unquestionably  is 
the  important  factor.  For  instance,  during  1925  and  1926 
the  fall  and  winter  precipitation  is  72  per  cent  of  the  average, 
the  summer  precipitation  is  109  per  cent  and  the  total 
98  per  cent;  yet  the  stream  flow  is  only  34  per  cent.  For 
1927  and  1928,  the  fall  and  winter  precipitation  is  112  per 
cent,  the  summer  93  per  cent  and  the  total  99  per  cent  while 
the  run-off  is  185  per  cent  of  the  average. 

The  curves  in  Fig.  5  are  submitted  as  an  approximate 
guide  in  estimating  run-off  from  fall  and  winter  precipita- 
tion. It  is  believed  that  size  of  watershed  is  the  factor 
next  in  importance  to  precipitation  in  estimating  run-off; 
that  feature,  and  also  to  some  extent  topography  of  basin 
has  been  allowed  for  by  giving  separate  curves  for  different 
sizes  of  drainage  area.  This  chart  has  been  prepared  by 
plotting  a  large  number  of  run-off  figures  from  the  Dominion 
Water  Power  and  Hydrometric  Bureau  reports,  and  those 
secured  by  the  Canadian  National  Railways  engineers. 
Needless  to  say,  stream  flow  records  will  be  found  which 
differ  widely  from  the  chart,  but  it  is  beheved  that  the 
chart  will  be  of  value  where  few  data  are  available  on 
which  to  base  an  estimate.  Small  drainage  basins,  particu- 
larly those  in  rolling  prairie  or  hilly  areas,  will  in  some  years 
have  additional  run-off  from  sudden  summer  showers. 
Such  run-off  is  not  dependable,  however,  and  probably  has 
little,  if  any,  effect  on  streams  of  over  one  thousand  square 
miles  drainage  area. 


Other  Factors  Affecting  Run-Off 
Some  of  the  other  factors  affecting  stream  flow  should 
be  considered.  Probably  the  nature  of  the  spring  thaw  is 
as  important  as  anything  else,  for  when  the  thaw  is  con- 
tinuous and  abrupt,  a  larger  proportion  of  water  from  snow 
joins  the  run-off.  Where  the  thaw  is  gradual  and  broken 
by  spells  of  cold  weather,  the  water  is  largely  evaporated  or 
absorbed  by  the  soil.  Unusually  high  temperatures  con- 
tinued through  the  season  will  naturally  reduce  the  run- 
off, as  evaporation  will  be  greater. 
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Fig.  5 — Run-Off  from  Canadian  Prairie,  Regina,  Sask. 

Note: — C,  D  and  E  will  apply  to  rolling  prairie  or  hills,  clay  soils 
and  quick  naelting  of  snow.  F,  G  and  H  will  apply  to  watersheds 
consisting  of  part  level  and  part  rolling  prairie,  average  soU  and  tem- 
peratures. 

The  rolling  or  hilly  watershed  will  give  a  greater 
average  flow  and  more  dependable  run-off  than  the  more 
level  prairie.  Under  some  conditions,  however,  the  prairie 
with  very  gentle  slopes  will  produce  run-off  from  melting 
snow  nearly  equal  to  that  from  hilly  areas.  Lakes  and 
sloughs  tend  to  greatly  reduce  the  run-off  from  any  prairie 
area.  The  nature  of  soil  may  have  little  effect  for  drainage 
basins  in  excess  of  one  thousand  square  miles.  If  sandy 
soils  are  present,  more  water  will  be  absorbed,  but  this 
may  be  offset  by  the  increase  in  stream  flow  from  springs. 

When  the  influence  of  forests  on  stream  flow  is  touched 
upon,  a  field  is  entered  where  a  very  wide  divergence  of 
opinion  exists.  Persons  interested  in  effect  upon  cHmate 
will  tell  of  the  vast  amount  of  water  returned  to  the  at- 
mosphere through  transpiration  from  trees,  and  express 
the  belief  that  this  tends  to  decrease  the  run-off.  On  the 
other  hand,  there  are  those  interested  in  water  supply  who 
tell  of  the  way  tree  growth  stops  evaporation  from  ground 
and  water  surfaces,  and  suggest  that  stream  flow  is  increased 
by  this  effect.  Most  of  the  opinions  of  meteorologists  give 
little  weight  to  the  effect  of  trees  on  climate  or  stream 
flow.  For  example,  Professor  Willis  Moore  of  the  United 
States  Weather  Bureau^  observes  that  deforestation, 
drainage  and  cultivation  has  not  materially  altered  clima- 
tic conditions  and  referring  particularly  to  floods  states  that 
effect  of  deforestation  is  limited  to  small  area  of  mountain 
districts.  However  a  different  attitude  is  represented 
by  Geddes,^  who  states  that  evaporation  takes  place 
more  rapidly  from  a  surface  covered  with  vegetation  than 
from  a  free  water  surface,  other  things  being  equal. 

Engineers  differ  also  but  it  appears  that  those  who  have 
given  most  careful  study  to  the  subject  do  not  credit 
forests  with  having  as  great  an  effect  as  is  commonly  sup- 
posed. Mr.  Meyer^  points  out  the  wide  difference  in 
claims  for  effect  of  vegetation  and  gives  the  following  as  his 
estimate  of  water  used  in  transpiration — 9  to  10  inches 
for  grains  and  other  agricultural  crops;  8  to  12  inches  for 

6  "Descriptive  Meteorology." 

7  Meteorology,  A.  E.  M.  Geddes,  Van  Nostrand,  New  York. 

8  Elements_of  Hydrology,  A.  F.  Meyer. 
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deciduous  trees;  6  to  8  inches  for  small  trees  and  brush; 
4  to  6  inches  for  coniferous  trees. 

Those  who  have  observed  the  behaviour  of  single 
trees  or  shelter  belts  planted  in  the  drier  areas  of  the 
prairie  are  ready  to  believe  that  they  will  return  large  quan- 
tities of  moisture  to  the  atmosphere  when  it  is  available. 
The  tendency  for  roots  of  trees  to  run  a  long  distance  and 
draw  moisture  from  large  areas  is  quite  remarkable,  but 
when  we  study  the  stream  records  of  the  prairie  and  ad- 
joining areas,  it  would  appear  that  tree  growth  increases 
the  run-off.  The  author  wishes  to  support  the  doctrine 
that  forests  are  primarily  the  result  of  certain  climatic  con- 
ditions rather  than  the  cause.  It  should  be  admitted  then 
that  there  are  some  natural  climatic  differences  between 
the  naturally  forested  area  and  the  open  prairie.  This 
makes  it  difficult  to  compare  the  behaviour  of  streams  in 
the  open  prairie  with  those  in  the  forest  or  park  belt,  but 
nevertheless,  the  comparison  is  interesting. 

Swift  Current  creek  measured  at  Swift  Current  is  one 
of  the  prairie  streams  having  considerably  heavier  run- 
off than  many  of  its  neighbours,  but  comparison  with  the 
Swan  river  in  the  forest  area  to  the  north  is  quite  surprising. 
For  the  ten-year  period  covered  by  Table  I  the  average 
run-off  for  the  former  is  0.918  inches  while  the  latter  has 
3.97  inches.  Drainage  areas  are  about  equal,  while  inform- 
ation available  concerning  soil  and  topography  lead  to 
the  belief  that  these  factors  would  be  similar  in  their 
effect.  Meteorological  records  indicate  that  the  Swan 
river  watershed  received  about  one  and  one  half  inches 
greater  annual  precipitation  for  the  period  considered. 
There  is  a  marked  difference  in  mean  temperature,  par- 
ticularly for  the  winter  months.  The  mean  monthly 
temperature  for  January  at  Swift  Current  is  7  degrees, 
while  at  Swan  river  it  is  —  6  degrees.  The  higher  average 
temperature  at  Swift  Current  is  largely  brought  about  by 
pronounced  warm  waves  coming  with  the  Chinook  winds, 
when  the  snow  is  often  melted  and  water  evaporated, 
leaving  little  for  absorption  or  stream  flow. 

It  should  be  remembered  that  the  run-off  in  the 
prairie  and  adjoining  streams  comes  entirely  or  very  largely 
from  the  fall  and  winter  precipitation.  At  that  time,  trees 
are  dormant  and  will  not  be  drawing  upon  the  supply  of 
water.  Probably  the  shading  of  trees  and  the  reduction  of 
wind  reduces  evaporation,  and  it  is  the  author's  behef  that 
the  presence  of  trees  in  or  near  the  prairie  area  tends  to 
increase  the  run-off.  If  it  is  possible  to  materially  increase 
the  tree  growth  on  the  prairies,  it  should  bring  about  a 
shghtly  increased  average  flow  of  streams  or,  at  least, 
offset  any  reduction  brought  about  by  cultivation  of  part 
of  the  surface  drained. 

Are  Permanent  Changes  Taking  Place? 

This  brings  us  to  the  important  question  of  permanent 
or  progressive  change.  There  is  a  common  belief  in  the 
theory  that  our  streams  are  now  much  smaller  and  the  lakes 
lower  than  they  were  one  or  two  hundred  years  ago.  While 
there  may  have  been  some  change,  it  certainly  is  not  as 
great  as  is  popularly  supposed.  The  only  authentic  record 
of  any  permanent  or  progressive  change  in  streams  or  lakes 
in  or  near  the  Canadian  prairie,  which  the  author  has  found, 
is  that  for  Devils  Lake  in  North  Dakota.  Professor 
Chandler'  states  that  the  lake  level  has  fallen  twenty-two 
feet  in  the  past  fifty  years,  while  no  appreciable  decline  in 
precipitation  has  occurred.  He  suggests  in  explanation 
that  the  cultivation  of  the  surrounding  prairie  has  slightly 
decreased  the  run-off.  Professor  Howard  E.  Simpson, 
State  Water  Geologist  of  North  Dakota,  believes  too  that 
the  cultivation  of  the  prairie  has  slightly  reduced  run-off.  ^° 

Probably  some  of  the  streams  and  lakes  are  being 
affected  in  a  similar  way,  though  statistical  evidence  has 

9  Bulletin  No.  1 1 ,  January  1930,  of  the  University  of  North  Dakota. 
]0_"Geology  and  Ground  Water  Resources  of  North  Dakota." 


not  been  found.  The  year  1915  saw  an  extremely  low  flow 
in  local  streams,  the  flow  for  the  Qu'Appelle  and  Souris 
rivers  being  the  lowest  recorded  until  the  severe  drought 
of  1929  occurred.  There  are  some  gauge  records  on  Lake 
Johnson  and  Quill  Lakes  but  unfortunately  the  record  is 
very  short,  and  has  not  been  maintained  during  recent 
years.  At  Lake  Johnson,  the  level  held  about  uniform  from 
1918  to  1924,  then  rose  3  feet  from  1924  to  1928.  A  drop 
of  2  feet  occurred  during  the  years  1929  to  1930,  leaving 
the  level  one  foot  higher  in  1930  than  in  1918  when  the 
record  was  started.  The  level  has  continued  to  drop  during 
the  severe  drought,  probably  at  the  rate  of  one  foot  per 
year,  and  it  is  believed  that  the  water  is  now  3  feet  lower 
than  in  1918.  The  record,  however,  is  too  short  to  show 
whether  it  is  a  progressive  lowering,  or  whether  it  is  a 
matter  of  fluctuations. 

Some  interesting  notes  on  the  Qu'Appelle  river  are 
contained  in  the  report  of  Professor  H.  Y.  Hinds*^  who 
explored  this  area  in  1857.  He  referred  to  the  Qu'Appelle 
Lakes  as  "full  of  weeds  and  having  a  disagreeable  odour," 
and  described  the  river  above  Craven  as  a  stream  "nine- 
teen feet  wide  and  one  and  one  half  feet  deep."  Altogether 
his  notes  lead  the  author  to  believe  that  the  lakes  and 
streams  were  much  the  same  in  1857  as  we  find  them  today. 

Variations 

Needless  to  say,  wide  departures  from  the  normal  or 
average  flow  of  streams  must  be  anticipated.  During  the 
recent  drought  the  Qu'Appelle  and  Souris  rivers  have  had 
for  five  consecutive  years  discharges  less  than  25  percent 
of  the  long  time  mean.  The  variations  in  smaller  water- 
sheds are  greater,  and  where  there  is  only  gently  rolling 
prairie,  no  run-off  has  occurred  in  several  of  the  past  five 
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Fig.  6 — Hydrographs  of  Prairie  Streams,  1927. 

years.  With  rugged  topography,  some  run-off  occurs 
almost  every  year.  The  author  has  had  under  observation 
reservoirs  on  coulees  near  Avonlea,  Tilney,  Darmody  and 
Central  Butte  during  the  recent  drought,  and  found  that 
some  run-off  was  secured  each  year,  and  reservoirs  have 
been  satisfactory  for  railway  service. 

Precipitation  for  the  Canadian  prairie  shows  some  ten- 
dency to  follow  the  sun  spot  cycle  of  eleven  and  one  quarter 
years,  recent  dry  periods  of  from  two  to  four  years  having 
centred  upon  the  years  1909,  1920  and  1931.  The  flow  of 
streams,  however,  is  likely  to  be  more  irregular  than  the 

11  Report  on  the  Assiniboine  and  Saskatchewan  Exploring  Expe- 
dition, 1859. 
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annual  precipitation,  and  it  is  doubtful  if  the  theory  of 
regular  recurring  cycles  can  be  relied  upon. 
Flood  Stages 

The  maximum  and  minimum  flow  of  streams  are  as 
important  as  total  discharges.  The  maxinmm  flow  is  of 
particular  interest,  for  it  l)ecomes  the  flood  stage  in  years  of 
heavy  flow.  Figure  (>  shows  hydrographs  of  the  Souris, 
Qu'Appelle  and  Moose  Jaw  rivers  for  part  of  the  open 
water  period  of  1927,  giving  the  mean  daily  discharge  in 
cubic  feet  per  second.  It  will  be  found  that  in  years  when 
the  average  or  more  than  average  flow  occurs,  hydro- 
graphs  follow  somewhat  similar  curves.  This  then  may  be 
taken  as  typical  of  the  liigh  water  flow  for  many  of  our 
streams.  The  Souris  river  at  Wawanesa  usually  has  its 
high  stage  much  earlier  than  in  1927.  The  nuixinmm 
recorded  was  about  double  the  highest  for  1927,  and  oc- 
curred April  19th,  1916.  This  early  and  high  stage  of  the 
Souris  in  1916  was  probably  an  important  factor  in  bringing 
the  record  flood  for  the  lower  Assiniboine  that  year.  It 
is  interesting  to  note  that  the  Moose  Jaw  creek  with  a  drain- 
age area  of  1,960  square  miles  had  a  higher  flood  stage  than 
the  Qu'Appelle  with  20,600  square  miles;  and  the  Souris 
had  a  higher  stage  at  Minot  with  10,270  square  miles  than 
at  Wawanesa  with  23,400  square  miles. 

To  facilitate  comparison  between  the  flood  flow  of  our 
streams  and  those  of  other  parts  of  the  continent,  Table 


II  has  been  compiled  showing  the  flood  stage  of  typical 
streams.  It  is  recognized  that  flood  stages,  when  expressed 
as  cubic  feet  per  second  per  square  mile,  will  be  greater  for 
small  watersheds  than  for  larger,  other  things  being  equal. 
The  streams  listed  have,  therefore,  been  divided  into  five 
groups  on  the  basis  of  drainage  area.  In  each  group  the 
first  one  oi'  two  streams  are  on  the  Caruidian  prairie,  and 
the  remarkaljle  tiiCference  between  our  floods  and  those 
in  more  humid  districts  is  evident.  No  attempt  is  made  to 
describe  the  climatic  features  affecting  each  stream,  and 
little  is  submitted  concerning  the  physical  characteristics 
of  the  drainage  area.  Nevertheless,  certain  conclusions  are 
(juite  obvious.  For  the  first  three  groups,  it  is  evident  that 
the  flood  stage  is  the  result  of  the  combined  climatic  con- 
ditions and  physical  features  of  the  watershed.  P"'or  the 
larger  watersheds  in  groups  four  and  five,  it  is  believed 
that  the  nature  of  the  watei'shed  has  little  effect  as  com- 
pared with  the  climatic  conditions.  For  instance,  the 
watershed  of  the  Qu'Appelle  river  above  Lumsden  is  made 
up  largely  of  rolling  prairie  and  hills  with  clay  and  loam 
soils.  Judged  on  the  basis  of  topograph}^,  lake  storage, 
soil  and  vegetation,  one  would  expect  it  to  produce  greater 
floods  than  the  Assiniboine  above  Millwood,  Manitoba, 
or  the  Gatineau  in  Quebec.  On  the  contrary,  the  flood 
stage  for  the  Qu'Appelle  is  only  0.408  cubic  feet  per  second 
per  square  mile,  while  the  other  streams  have  2.345  and 


Table  II. — -Flood  Stages  of  Typical  Streams 


_ 

Stream 

Location 

Drainage 
area 
sq.  m. 

Maximum  Recorded  Stage 

Date 

Ref. 

Group 

No. 

Second-Feet 

Second-Feet 
per  sq.  mile 

Remarks 

1 

McEachern  Creek 

Near  International  Boundary,  Sask 

160 

1,050 

6.281 

Apr.  3,  1927 

A 

Rcllii.g  prairie 

Long  Creek 

Radville,  Sask. 

190 

Approx.  2,000 

Approx.  10.526 

May  24,  1933 

HoUiiig  prairie.    Beiieved  heaviest 

flow  since  settlement  of  this  area — 

observed  by  the  Author. 

Baker  River 

Near  Anderson  Creek,  Wash. 

184 

— 

200 

Dec.  1917 

B 

Probably  mountain  stream. 

Seekonk  River 

Providence,  R.I. 

190 

— 

57 

1867 

B 

Catskill  Creek 

South  Cairo,  N.V. 

210 

— 

100 

Spring  1901 

B 

Belly  River 

Mountain  View,  Alta. 

121 

16,000 

Approx.  132 

Approx.  June  1908 

A 
A 

Mountain  stream. 

2 

Battle  Creek,  Southern  Sask. 

International  Boundary 

726 

3,200 

4.408 

March  1927 

Rolling  prairie  and  hills. 

Bow  River 

Banff,  Alberta 

852 

14,100 

16.55 

June  1923 

A 

Mountain  stream. 

Mad  River 

Osborne,  Ohio 

649 

— 

117 

March  1913 

B 

Little  Tennessee  River 

Jackson,  N.C. 

675 

— 

85.3 

Dec.  1901 

B 

Raritan  River 

Bound  Brook,  N.J. 

806 

~~ 

64.5 

Sept.  1882 

B 

A 

3 

Wascana  Creek 

Regina,  Sask. 

1,220 

3,080 

2.525 

Mar.  31.  1925 

Part  rolling  prairie — part  nearly 

level  prairie. 

Swift  Current  Creek 

Swift  Current,  Sask. 

1,160 

0,300 

5.431 

April  1917 

A 

Rolling  prairie  and  hills. 

Swan  River 

Swan  River,  Man. 

1,215 

8.460 

6.963 

April  1925 

A 

Wooded  and  park  land. 

Thames  River 

Byron,  Ont. 

1,230 

23,190 

18.85 

March  23,  1926 

C 

Hilly — Wooded  and  agricultural 
land. 

Yuba  River 

Near  Smartsville,  Calif. 

1,200 

^ 

92.5 

Jan. 1909 

B 

Hehigh  River 

Bethlehem,  Pa. 

1,240 

— 

69.8 

1902 

B 

Scioto  River 

Columbus.  Ohio. 

1,047 

— 

80  8 

March  1913 

B 

Miami  River 

Dayton,  Ohio 

2,450 

100 

March  1913 

B 

4 

Qu'Appelle  River 

Lumsden,  Sask. 

6,540 

2,670 

.408 

1927 

A 

Rolling  prairie. 

Souris  River 

Estevan,  Sask. 

4,550 

2.850 

.626 

1916 

A 

Level  and  rolling  prairie. 

Assiniboine  River 

Millwood,  Man. 

7,590 

17,800 

2.345 

Apr.  1922 

A 

Wooded  and  park  country  largely 
agricultiiral. 

Gatineau  River 

Near  Mercier  Dam,  Quebec 

6,250 

42,300 

6.768 

May  24,  1926 

C 

Wooded  with  good  lake  storage. 

Susquehanna  River 

Williamsport,  Pa. 

5,670 

— 

61.7 

1889 

B 

Deleware  River 

Lambertsville,  N.J. 

6,855 

— 

37.1 

Jan. 1841 

B 

Little  River 

Cameron,  Tex. 

7,010 

— 

92.3 

Sept.  1921 

B 

5 

Qu'Appelle  River 

Tantallon,  Sask. 

20,600 

2,530 

.122 

Apr.  1925 

A 

Largely  open  prairie.     Some  lake 
stor:!ge 

Souris  River 

Wawanesa,  Man. 

23,400 

6,100 

.260 

Apr.  1910 

A 

Typical    prairie    watershed    \ery 
little  lake  storage. 

Winnipeg  River 

Minaki,  Ont. 

27,200 

55,400 

2  04 

June  1927 

A 

Wooded — large  lake  surface. 

Ohio  River 

Pittsburgh,  Pa. 

19,100 

— 

22.98 

1907 

B 

Tennessee  River 

Chattanooga,  Tcnn. 

21, .382 

— 

34.37 

March  1867 

R 

Susquehanna  River 

Harrisburg,  Pa. 

24,030 

" 

30.60 

June  1889 

B 

"A" — From  Water  Resources  Paper  No.  66,  Dominion  Water  Power  and  Hydrometric  Bureau. 
"B" — From  table  of  "Maximum  Observed  Floods,"  "Elements  of  Hydrology"  by  A.  F.  Meyer. 
"C" — From  Water  Resources  Paper  No.  58,  Dominion  Water  Power  and  Hydrometric  Bureau. 
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6.768  respectively.  In  the  central  and  southern  states, 
streams  of  approximately  the  same  drainage  area  produce 
floods  of  37.1,  61.7  and  92.3  cubic  feet  per  second  per 
square  mile. 

It  is  evident,  then,  that  our  streams  have  extremely 
light  flood  stages  due  to  chmatic  conditions.  However,  as 
the  record  is  a  short  one,  is  there  not  a  possibility  of  some 
year  in  the  future  producing  floods  very  much  in  excess  of 
those  now  recorded  ?     It  is  the  author's  opinion  that  this 


Fig.  7— A  town  in  the  Dry  Belt,  Hodgeville,  Sask.,  1927. 

is  not  only  a  possibility  but  a  probability.  A  very  little 
difference  in  meteorological  conditions  as  compared  with 
previous  years,  when  records  were  established,  may  bring 
floods  considerably  higher  than  those  of  the  past. 

It  is  interesting  to  note  that  Meyer's  flood  formula'^ 
intended  for  Minnesota  conditions  seems  to  agree  roughly 
with  records  of  the  prairie  streams  of  drainage  areas  under 
five  hundred  square  miles,  and  the  streams  in  wooded  areas 
to  the  east  and  north.  For  the  large  prairie  watersheds, 
Mr.  Meyer's  formula  would  give  results  two  to  five  times 
greater  than  the  maximum  recorded.  This,  of  course, 
shows  that  the  formula  does  not  apply  to  the  large  prairie 
drainage  areas,  but  it  may  also  be  taken  as  another  indica- 
tion that  we  should  expect  greater  floods. 

Mr.  Meyer  suggests  that  for  the  northern  states  the 
maximum  floods  for  streams  with  drainage  areas  under  one 
thousand  square  miles  will  occur  from  excessive  rain,  while 
for  areas  larger  than  one  thousand  square  miles,  melting 
snow  (sometimes  accompanied  by  rain)  will  cause  the 
extreme  stage.  The  author  would  suggest  500  square  miles 
as  the  dividing  line  for  prairie  streams.  For  the  smaller 
watersheds,  soil  and  topography  are  important  as  well  as 
the  nature  of  the  storm.  For  drainage  basins  over  500 
square  miles,  the  factors  affecting  flood  are  similar  to  those 
affecting  total  discharge;  namely,  condition  of  the  water- 
shed at  the  time  of  freezing  during  the  preceding  fall; 
the  amount  of  snow;  and  nature  of  the  spring  thaw — the 
quick  continuous  thaw,  of  course,  being  most  productive 
of  flood  waters. 

A  study  of  Table  II  shows  conclusively  that  forests 
cannot  have  the  effect  generally  credited  to  them  in  pre- 
venting flood.  Rather,  it  would  appear  that  they  tend  to 
increase  the  stage  for  large  watersheds.  Mr.  Meyer  has 
arrived  at  similar  conclusions,  for  he  says:  "The  available 
information  on  the  subject  does  not  indicate  that  forests 
have  any  material  effect  upon  the  extreme  flood  flow.  They 
have  a  tendency  to  reduce  the  ordinary  flood  flow  some- 
what. In  northern  Minnesota  forests  have  aggravated 
spring  floods  by  retarding  the  melting  of  snow  until  warm 
April  rains  set  in." 

PART  II.^USE  AND  PHYSICAL  CONTROL 
Flood  Control 
This  is  a  subject  which  has  not  been  given  much 


attention  on  the  prairie  during  recent  years,  but  as  sug- 
gested above,  may  come  to  the  fore  in  the  future.  Some 
water  courses  have  become  partially  blocked  during  dry 
years  from  soil  drifting,  deposit  of  silt,  and  growth  of 
brush,  which  will  tend  to  increase  trouble  when  high  water 
comes  again. 

Three  general  methods  are  adopted  in  flood  control 
work — storage  reservoirs,  dykes  and  flood  channels.  The 
first  is  of  greater  interest  to  residents  on  the  prairie,  be- 
cause it  is  frequently  suggested  that  reservoirs  can  be  com- 
bined for  flood  control  and  other  utility.  While  it  is 
evident  that  it  is  impossible  to  secure  maximum  flood 
benefit  from  a  reservoir  and  at  the  same  time  secure  satis- 
factory service  for  other  purposes,  it  is  true  that  every 
reservoir  used  for  impounding  spring  run-off  will  tend  to 
reduce  floods  on  large  watersheds. 

Drainage 

Drainage  is  also  a  subject  that  has  not  been  considered 
a  great  deal  on  the  prairies  during  the  past  few  years.  It 
is  beHeved,  however,  that  some  drainage  work  may  be 
justified  and  where  it  is  undertaken,  the  closest  possible 
study  of  chmate  should  be  made. 

One  phase  of  the  subject  is  the  matter  of  culvert  and 
bridge  openings  to  be  provided  in  highway  and  railway 
grades  and  spillways  for  dams.  This  is  one  place  where  the 
average  engineer  has  not  been  guided  by  experience  in 
more  humid  areas.  Generally,  waterway  openings  have 
been  based  on  appearances,  and  observation  of  stream  or 
water-course  for  a  short  period.  Where  observations  were 
made  during  the  dry  part  of  a  cycle,  the  openings  were 
often  made  very  small  for  the  drainage  area. 

Probably  the  most  widely  quoted  rule  for  determining 
culvert  openings  is  the  Talbot  Formula.  ^^  This,  with  lowest 
factor  (for  flat  land),  gives  openings  as  follows: — 

1.25  square  miles  drainage,    30  square  feet  of  opening. 
12.5    square  miles  drainage,  169  square  feet  of  opening. 
25       square  miles  drainage,  285  square  feet  of  opening. 
125       square  miles  drainage,  951  square  feet  of  opening. 
It  is  true  that  that  formula  was  intended  for  the 
Mississippi  valley  where  rainfall  is  heavier.    On  the  other 
hand,  there  is  sometimes  heavy  rainfall  over  small  areas, 
and  our  soil  as  a  rule  does  not  absorb  rainfall  quickly.   The 


12  A.  F.  Meyer,  "Elements  of  Hydrology,"  2nd  ed.,  p.  369. 


Fig.  8— C.N.R.  Track  West  of  Hodgeville,  Sask.,  1927. 

extreme  run-off  may  occur  so  infrequently  that  one  may 
not  be  economically  justified  in  providing  sufficient  water- 
way to  handle  it  in  every  case.  However,  where  insufficient 
waterway  opening  is  likely  to  result  in  serious  damage,  it 
is  believed  that  waterways  at  least  twice  as  large  as  those 
commonly  used  on  the  prairie  should  be  provided. 

Storage 
Mention  has  been  made  of  the  extremely  low  run-off 
from  the  prairies  when  expressed  as  a  percentage  of  pre- 

13  American  Civil  Engineers  Handbook,  5th  edition,  p.  2009. 
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cipitation.  It  should  be  remembered,  however,  that 
drainage  areas  are  great,  and  there  are  large  quantities  of 
water  available  for  local  use.  Storage  may  be  made  in 
various  types  of  reservoirs,  from  the  small  dugout  in  a 
farm  yard  to  comparatively  large  artificial  lakes;  or  through 
control  of  levels  in  existing  lakes  such  as  Last  Mountain 
Lake  (Long  Lake).  The  uses  may  be  just  as  varied, 
including  domestic,  municipal,  industrial,  irrigation  and 
recreational  purposes.  The  author  believes  that  one  of  the 
best  fields  for  the  use  of  surface  water  is  in  reservoirs  of 
from  10  to  1,000  acre  feet  capacity,  made  by  constructing 
dams  in  coulees,  which  are  ordinarily  dry  but  have  a  spring 
flow  from  melting  snow.  The  smaller  reservoir  of  this  type 
would  be  for  individual  farm  use,  supplying  water  for  the 
home  (filtering  and  other  treatment  would  make  such  water 
suitable  for  domestic  use  if  well  water  is  not  available), for 
stock  and  irrigation.  The  larger  sizes  would  be  suitable  for 
municipal  or  government  reservoirs  and  might  be  used 
in  some  cases  for  industrial  purposes,  and  in  most  cases  for 
recreational  purposes.  A  lake  or  reservoir  of  this  kind, 
especially  when  improved  by  planting  trees  around  its 
shores,  would  make  an  attractive  recreational  centre, 
providing  swimming,  boating  and  auto  camps.  Where 
sufficient  flow  exists,  it  would  be  advisable  to  have  two  or 
more  reservoirs  on  the  same  coulee,  the  level  of  the  lower 
maintained  by  letting  the  water  down  from  the  upper 
storage.  The  lower  would,  of  course,  be  the  one  improved. 
The  quality  of  the  water  in  such  reservoirs  depends  very 
much  upon  the  amount  of  deep  water.  Wide  expanses  of 
marsh  and  shallow  water  make  excellent  breeding  places 
for  water  fowl,  but  tend  to  lower  the  quaUty  of  the  water 
for  industrial  and  recreational  purposes.  Where  the 
quality  of  the  water  is  important,  it  is  suggested  that  as 
much  deep  water  (over  eight  feet)  be  obtained  as  possible. 
This  could  be  done  by  excavating  channels  through  parts 
of  the  reservoir  which  would  naturally  have  only  shallow 
storage.  The  earth  removed  would  form  islands  or  steep 
banks  around  the  outside  of  the  reservoir.  It  is  the  con- 
viction of  many  who  have  studied  the  matter  carefully  that 
such  artificial  lakes,  properly  maintained  for  recreational 
purposes  would  be  of  great  value  to  the  prairie.  Every- 
thing which  tends  to  make  the  country  a  more  attractive 
place  in  which  to  live  is  of  practical  value. 

Another  type  of  reservoir  which  might  be  used  in 
places  is  an  imitation  of  the  "oxbow"  lake  or  slough, 
sometimes  found  in  river  valleys.  Where  a  creek  or  river 
meanders  through  a  wide  valley,  a  channel  could  be  ex- 
cavated between  two  adjoining  bends,  and  earth  used  for 
dams  at  both  ends  of  the  channel  cut  off.  A  pipe  with 
check  valve,  or  gate  valve  manually  controlled,  would 
permit  the  severed  channel  to  fill  to  the  height  of  the  flood 
water  but  would  hold  such  water  after  the  flood  recedes. 
This  type  of  reservoir  would  eliminate  the  necessity  for 
an  expensive  spillway,  and  avoid  obstruction  to  the  stream. 

In  connection  with  all  reservoirs,  it  is  felt  that  more 
could  be  done  in  using  water  for  irrigation  of  small  areas. 
It  is  reahzed  that  irrigation  in  general  is  not  a  paying 
proposition,  especially  with  existing  prices  for  agricultural 
products;  but  a  small  area  irrigated  for  garden  and  feed, 
especially  if  that  area  is  adjoining  the  farm  home,  would 
remove  much  of  the  hardship  experienced  during  years  of 
drought.^* 


14  Literature  is  available  to  those  interested  in  the  subject.  Bulletin 
No.  5  of  the  Reclamation  Service  of  Canada  on  "Farm  Water  Supply" 
was  obtained  from  the  Dominion  Water  Power  and  Hydrometric 
Bureau  recently,  and  probably  is  still  available.  The  United  States 
Department  of  Agriculture  Farm  Bulletin  No.  828  on  "  Farm  Reservoirs" 
contains  similar  information.  The  reports  of  the  Dominion  Field 
Husbandman,  Agricultural  Department,  Ottawa,  for  1928  and  1930 
describe  small  reservoirs  constructed  for  watering  stock  at  the  Range 


The  larger  projects  for  reservoirs  should  not  be  carried 
out  without  proper  engineering  advice,  but  engineers  who 
have  an  opportunity  to  advise  on  matters  of  this  kind  will 
have  to  be  careful  to  avoid  unnecessary  expense  on  any 
undertaking. 

Many  agricultural  leaders  and  engineers  are  advocating 
more  extensive  use  of  the  small  reservoir  to  insure  a  farm 


Fig.  •) — A  Beach  on  one  of  the  Qu'Appelle  Lakes  near  Lebret,  Sask. 

supply.  The  Hon.  Mr.  Weir  in  a  letter  which  appeared  in 
Regina  papers  stated:  "A  thick  shelter  belt  around  a  small 
trench  or  reservoir  for  water  supply  should  make  it  possible 
for  any  farm  to  handle  stock  (sufficient  to  be  self-sustaining) 
in  this  way."  Mr.  T.  C.  Main,  a.m.e.i.c,  has  strongly 
urged,  among  other  things,  the  use  of  small  reservoirs  for 
farms  in  the  dryer  areas. '^ 

A  type  of  irrigation  practised  extensively  in  Montana, 
and  in  the  south-west  Canadian  prairie  area,  is  known  as 
"flood  irrigation." ^^  This  primarily  consists  of  diverting 
or  temporarily  impounding  the  spring  flood  water  to  give 
the  land  a  spring  irrigation.  Mr.  H.  L.  Lantz,  County 
Extension  Agent,  Malta,  Montana,  in  a  letter  of  February 
11th,  1932,.  advises  that  this  work  has  been  very  successful 
in  that  area.  He  states  "To  date,  I  have  personally  sur- 
veyed out  one  hundred  and  sixty-seven  systems  covering 
over  14,000  acres."  Professor  M.  L.  Wilson,  Head  of  the 
Department  of  Agricultural  Economics,  University  of 
Montana,  in  a  letter  of  January  30th,  1932,  states  that 
flood  irrigation  was  included  in  their  programme  for  better- 
ment of  dry  areas  started  ten  years  earlier,  and  was  found 
to  be  constructive. 

No  attempt  is  made  in  this  paper  to  deal  with  the 
administration  of  our  waters  except  to  mention  that  it  is 
illegal  to  impound  or  divert  any  surface  water  without 
government  permission.  Problems  of  administration  will 
become  greater  as  more  water  is  utiHzed.  It  is  important 
that  the  taking  of  hydrometric  records  should  be  continued 
and  extended,  and  that  the  material  secured  since  1929 
should  be  published  at  an  early  date. 

The  author  hopes  that  the  foregoing  notes  will  aid  by 
showing  the  need  for  careful  study,  and  thus  help  towards 
the  better  utilization  of  our  surface  waters. 


Experimental  Station,  Manyberries,  Alberta.  The  Department  of 
Agriculture  Bulletin  No.  125 — "Use  of  Irrigation  Water  on  Farm 
Crops"  and  bulletin  No.  7  of  the  Dominion  Water  Power  and  Hydro- 
metric  Bureau  give  valuable  data  on  this  phase  of  the  subject. 

15  Report  to  the  Commission  on  Conservation  and  Afforestation, 
Province  of  Saskatchewan  1932.  See  also  paper  on  Drought  and  Soil 
Drifting  in  Western  Canada,  Engineering  Journal,  June  1932. 

16  See  Circular  No.  17 — Montana  State  College. 
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Water  Conservation  in  the  Prairie  Provinces 

T.  C.  Main,  A.M.E.I.C, 
Assistant  Engineer,  Water  Supply,  Canadian  National  Railways,  Winnipeg,  Man. 

Paper  presented  at   the  General  Professional  Meeting  of  The  Engineering  Institute  of  Canada,  Toronto,  Ont.,  February 

7th  and  8th,  1935. 

SUMMARY. — The  paper  deals  with  conservation  of  water,  which,  together  with  improved  methods  of  cultivation,  and  the  planting  of  trees  and  hedges 
is  a  possible  means  for  rehabilitation  of  the  drought  area.  The  author  touches  on  the  waste  which  has  occurred  in  the  past  and  considers  that  increased 
evaporation  over  a  long  period  is  the  chief  cause  of  the  drought.  He  objects  to  general  irrigation  for  cereal  crops  and  refers  to  the  economics  of  the  situation. 
A  number  of  specific  conservation  projects  are  described,  and  it  is  urged  that  action  be  taken  without  delay  by  appointing  a  small  commission  of  technical 
men  to  make  a  definite  study  and  co-ordinate  the  work  of  government  departments,  universities  and  private  Individuals. 


A  paper  by  the  author  entitled  "Drought  and  Soil 
Drifting  in  Western  Canada"  appeared  in  The  Engineering 
Journal  of  June  1932.  In  that  paper  the  distressing  con- 
dition of  the  so-called  drought  area  was  described.  The 
situation  now  is  much  worse  than  it  was  then  and  the 
affected  area  is  larger.  The  problem  is  now  of  more  than 
local  or  provincial  interest  and  is  being  looked  upon  from 
the  national  point  of  view.  This  attitude  is  logical,  as  it 
is  difficult  to  visualize  a  high  degree  of  prosperity  for 
Canada  as  a  whole  while  the  great  agricultural  area  of 
western  Canada  is  in  its  present  serious  condition. 

It  is  the  author's  opinion,  after  many  years  of  serious 
study  of  this  problem,  that  man  must  assist  nature  if  this 
area  is  to  be  rehabilitated  and  the  disastrous  effects  of 
future  drought  periods  minimized.  Three  principal  ways 
in  which  man  can  assist  appear  to  be  (1)  improved  methods 
of  cultivation,  (2)  planting  trees  and  hedges,  and  (3)  con- 
servation of  water. 

In  the  present  paper  it  is  proposed 
to  deal  chiefly  with  the  reasons  for,  and 
the  possibihties  and  limitations  of  water 
conservation.  It  is  hoped  to  present  to  the 
country,  through  the  engineering  profession, 
a  practical  basis  for  the  conservation  and 
utilization  of  moisture  in  this  semi-arid, 
but  otherwise  fertile  country. 

Deciding  where  the  boundary  of  the 
drought  area  lies  is  a  difficult  task,  as  there 
are  no  definite  lines  Of  demarcation.  More- 
over, there  are  oases  of  practically  un- 
affected country  in  drought  territory,  and 
miniature  deserts  in  normal  districts.  The 
area  shown  shaded  on  the  map  in  Fig.  1  is 
the  author's  idea  of  that  part  of  the  prairie 
provinces  which  may  be  considered  as  the 
present  drought  region. 

It  must  be  pointed  out,  however,  that 
drought  is  a  potential  enemy  to  the  entire 
country  from  the  Rocky  Mountains  to  On- 
tario and  from  the  international  boundary  to  as  far  north 
as  agriculture  may  go.     Records  show  that  precipitation 
in  general  decreases  from  south  to  north  in  our  western 
country.  Furthermore  the  land  north  of  the  North  Saskat- 
chewan river  is  for  the  most  part  Hghter  than  in  the  south; 
hence,  with  lighter  land  and  less  precipitation,  the  north 
country  is  in  greater  danger  than  the  south  of  becoming 
desert,  once  the  tree  growth  is  eliminated. 
Waste  of  Surface  Water 

It  is  an  axiom  of  climatology  that  the  ratio  of  water 
to  land  has  an  important  effect  on  cUmate.  The  natural 
corollary  is  that  an  acre  of  water  or  marsh,  in  a  semi-arid 
region,  must  be  more  valuable  than  an  acre  of  high  class 
wheat  land.  Nature  unfortunately  was  niggardly  in  provid- 
ing water  areas  in  the  drought  region  and  indeed  in  the 
southern,  central  and  westerly  portions  of  the  three  prairie 
provinces  considered  as  a  unit. 

In  spite  of  nature's  parsimony,  man  has  lost  few 
opportunities  of  draining  lakes,  sloughs  and  marshes  in 


order  to  increase  his  land  holdings  in  a  country  where  the 
ratio  of  water  to  land  was  already  too  small.  There  has 
been  a  general  idea  that  the  bed  of  a  lake  or  marsh  must 
necessarily  be  exceedingly  fertile.  As  a  rule  the  contrary 
is  true,  as  it  usually  takes  many  years  for  a  former  lake 
bed  to  sweeten  up  sufficiently  to  grow  high  class  crops. 
This  is  particularly  true  in  western  Canada  where  most  of 
the  lakes  are  inclined  to  be  saline. 

Normal  drainage  due  to  the  construction  of  highways 
and  railways  has  also  contributed  to  loss  of  ground  and 
surface  water.  This  loss  was  more  or  less  unavoidable; 
although  the  author  beUeves  that  road  drainage  has  been 
overdone;  in  fact,  was  frequently  part  of  reclamation 
schemes. 

Loss  Through  Evaporation 

The  chmate  of  a  region  is  usually  classified  according 
to  its  mean  annual  precipitation.  Frequently  the  evapora- 
tion factor  is  somewhat  neglected.    As  a  matter  of  fact 


Fig.  1 — Drought  Area  in  Western  Canada. 

evaporation,  next  to  precipitation  and  temperature,  is  the 
most  important  factor  in  climate.  It  cannot,  of  course,  be 
divorced  from  temperature,  though  not  entirely  dependent 
on  it. 

The  layman,  in  thinking  of  the  recent  drought  in 
western  Canada,  lays  the  blame  entirely  on  lack  of  pre- 
cipitation. It  is  true  that  precipitation  was  low  for  several 
years,  and  undoubtedly  this  was  a  factor.  On  referring 
to  the  graphs  in  Fig.  2,  however,  it  will  be  seen  that  while 
in  general  precipitation  was  low  from  1928  to  1931,  the 
past  two  years  have  been  normal  or  above  normal  in  this 
respect  over  a  considerable  portion  of  the  drought  area. 
It  is  interesting  and  encouraging  to  note  that  the  twenty- 
year  moving  averages  shown  in  the  figure  do  not  indicate 
any  tendency  toward  lower  precipitation  in  the  prairie 
country.  Winnipeg  seems  to  be  an  exception;  but  apart 
from  a  comparatively  small  area  in  the  south  and  west, 
Manitoba  has  not  suffered  from  lack  of  precipitation. 
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Increase  in  evaporation,  caused  in  turn  by  an  increase 
in  temperature,  is  perhaps  quite  as  important  a  factor  in 
our  drought  situation  as  the  more  obvious  decrease  in 
precipitation. 

The  twenty-year  moving  summations  of  yearly  mean 
temperatures  plotted  in  Fig.  3  indicate  what  has  been 
happening  in  western  Canada  in  the  period  during  which 
temperature  records  have  been  kept.  It  will  be  noted 
that  the  mean  daily  temperature  in  Winnipeg  for  the 
twenty-year  period  ending  1931  was  3.9  degrees  F.  greater 
than  for  a  similar  period  ending  1892.  All  through  the 
prairie  provinces,  except  at  Edmonton,  this  temperature 
increase  approximated  that  of  Winnipeg.  In  the  Edmonton 
district  it  increased,  but  not  to  the  same  extent. 


Fig.  2— Total  Precipitation  from  1890  to  1933. 

Now  temperature  is  the  most  important  factor  in 
evaporation.  According  to  Meyer ^  it  appears  that  the 
rate  of  evaporation  doubles  for  an  increase  of  approximately 
18  degrees  F.  other  factors  remaining  the  same,  hence  we 
may  assume  that  the  increase  of  3.9  degrees  F.  in  Winnipeg 
represented  an  increase  of  approximately  21.6  per  cent  in 
the  rate  of  evaporation. 

1  Elements  of  Hydrology,  by  A.  F.  Meyer,  Wiley,  New  York. 


SUNSPOTS    AND    RuN-01''F 

While  the  relation  between  sunspots  and  precipitation 
is  very  difficult  to  trace  in  a  continental  climate,  there 
seems  to  be  an  actual  association  between  sunspot  count 
and  stream  discharge. 

Figure  4  shows  the  apparent  connection  between  the 
sunspot  cycle  and  the  discharge  of  the  Red  river  at  Emerson. 
It  will  be  noted  that  the  sunspot  culminations  are  high  and 
low  alternately;  that  there  is  a  high  river  discharge  one 
year  before  all  sunspot  maxima,  also  three  to  four  years 
after  the  high  peaks,  but  not  after  the  low  ones. 

This  apparent  relation  was  particularly  interest- 
ing during  the  period  1901  to  1913.  The  sunspot  cycle 
should  have  attained  its  maximum  in  1906.  Actually  two 
summits  of  approximately  equal  intensity  appeared  in  1905 
and  1907.  It  seems  more  than  coincidence  that  the  river 
discharge  was  high  in  1904  and  1906,  just  a  year  prior 
in  each  case  to  the  two  unexpected  sunspot  maxima. 

It  is  possible  that  this  phenomenon  is  not  due  to 
increased  precipitation  but  rather  to  reduced  evaporation, 
or  possibly  more  effective  precipitation,  either  of  which 
would  provide  more  water  for  run-off. 

The  above  offers  an  interesting  field  for  further  in- 
vestigation. It  must  be  admitted,  however,  that  in  Canada, 
and  particularly  in  western  Canada,  such  work  is  greatly 
handicapped  due  to  the  comparatively  short  periods  during 
which  records  have  been  kept.  Further,  our  records, 
meteorological  and  hydrometrical,  leave  much  to  be  desired. 
For  example  there  are  no  continuous  humidity  records; 
wind  velocity  is  only  recorded  at  one  elevation,  and  not 
frequently  enough  to  make  it  worth  while.  The  object  of 
stream  measurement  seems  to  have  been  to  get  a  ten-year 
average.  Usually,  on  minor  streams,  measurements  cease 
after  this  has  been  obtained.  Many  fairly  important 
streams  have  not  been  measured  at  all. 

This  is  not  a  criticism  of  the  several  departments 
that  are  responsible  for  collecting  such  data,  as  no  doubt 
they  are  doing  the  best  they  can  with  the  funds  at  their 
disposal. 

Temperatube,  Precipitation  and  Run-off 

The  effect  of  temperature,  precipitation  and  other 
factors  on  the  discharge  of  the  Red  river  can  be  observed 
in  Fig.  5.  All  records  are  on  a  twenty-year  moving  average 
basis,  and  in  order  to  be  comparable,  have  been  calculated 
as  a  percentage,  using  the  twenty-year  period  ending  in 
1910  as  100  for  all  three  phenomena. 

Temperatures  rose  more  or  less  steadily  from  1901  to 
1931,  and  precipitation  tended  to  increase  during  the  period 
1902  to  1909.  River  discharge  during  this  period,  and  until 
1910,  increased  in  sympathy  with  the  increase  in  precipita- 
tion, and  in  spite  of  increase  in  temperature,  because  the 
rate  of  effective  precipitation  increase  was  apparently 
greater  than  that  of  temperature.  From  1910  to  1919 
precipitation  on  the  average  changed  very  little,  but  river 
discharge  was  reduced,  apparently  due  to  increased  evapora- 
tion. Since  1919  temperatures  have  continued  to  cHmb  and 
precipitation  to  lower  on  the  Red  river  drainage  area,  while 
the  river  discharge,  due  to  these  two  unfavourable  factors 
(and  probably  to  others  such  as  increased  demand  of 
vegetation)  has  quickly  been  reduced  until  for  the  twenty- 
year  period  ending  in  1933  it  was  only  63  per  cent  of  that 
recorded  in  a  similar  period  ending  1910. 

It  will  be  seen  from  Fig.  3  that  since  1931  temperatures 
have  been  coming  down.  1934  will  lower  this  graph  still 
further.  It  seems  probable  that  there  is  a  more  or  less 
definite  temperature  cycle  and  that  1931  was  the  top  of 
the  curve.  Thus  lower  temperatures  are  likely  over  a 
fairly  long  period  of  years,  and  therefore  lower  evaporation, 
and  hence  more  moisture  for  the  growing  crops. 

In  Fig.  4  the  sunspot  cycle  and  discharge  in  the  Red 
river  have  been  forecast  up  to  1945  using  the  same  pattern 
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that  has  occurred  in  the  past.  The  probabiUties  are  that 
the  sunspot  curve  will  approximate  that  forecast,  and  that 
the  river  will  also  more  or  less  follow  the  pattern  it  has 
followed  in  the  past.  But  in  order  for  the  river  to  do  this, 
a  great  deal  of  precipitation  must  be  received  during  the 
next  three  years,  and  a  considerable  amount  for  three  or 
four  years  after  the  maximum  sunspot  year  of  1938.  The 
water  table  is  now  low  and  one  year  of  heavy  precipitation 
would  have  little  effect  on  stream  flow. 


I  ii  =  sii  a'ST!  A  |  a  C  S  r|  *  B  S  S  s 


Fig.    3 — Twenty- Year    Moving    Summations    of    Yearly    Mean 
Temperature. 


Importance  of  Water 

A  high  standard  of  living  without  the  provision  of  a 
plentiful  water  supply  of  good  quality  is  out  of  the  question. 
Most  engineering  work  is  concerned  with  water;  either 
getting  rid  of  it,  harnessing  it  or  conserving  it.  A  city 
or  country  with  a  restricted  water  supply  is  a  city  or 
country  of  restricted  growth. 

An  outstanding  feature  of  the  prairie  provinces  is  a 
shortage  of  water,  so  the  conservation  of  this  valuable 
commodity  becomes  an  exceedingly  important  factor  in 
any  scheme  for  their  economic  improvement.  ■*'•>.( 

The  minimum  flow  of  the  Saskatchewan  river  at  La 
Come  is  approximately  1,900  second-feet.  As  Alberta  will 
develop  along  with  Saskatchewan,  the  draught  on  both 
branches  of  this  stream  in  Alberta  will  be  heavy,  hence 
this  minimum  flow  will  be  reduced.  As  some  water  must 
be  allowed  to  discharge  into  Manitoba,  the  amount  avail- 
able for  use  in  Saskatchewan  at  minimum  discharge  might 
only  be  a  few  hundred  second-feet.  It  is  obvious  therefore 
that  some  day  storage  of  spring  flow  in  the  Saskatchewan 
river  will  be  necessary. 

If  the  standard  of  living  improves,  and  people  become 
more  exacting  as  to  the  quality  of  water,  and  particularly  as 
irrigation  is  extended  (as  seems  inevitable),  this  minimum 
flow,  plus  the  conveniently  usable  ground  water,  will  not 
do  more  than  take  care  of  the  present  population;  hence, 
any  increase  in  industrial  activity,  or  population,  or  both, 


will  mean  that  some  part  of  the  flood  waters  of  the  Sas- 
katchewan river,  and  other  streams,  must  be  conserved. 

It  would  seem  then  that  the  population  of  the  prairie 
regions,  say  south  of  the  54th  parallel,  may  ultimately  be 
limited  by  the  amount  of  water  that  can  be  conserved 
rather  than  by  the  amount  of  food  that  can  be  produced. 
It  may  be  noted  that  up  to  the  present  the  average 
production  of  cereal  products  in  Saskatchewan  alone  has 
been  sufficient  to  furnish  a  population  of  at  least  forty 
million  people  with  that  important  part  of  their  daily  ration. 

Standard  of  Living 

A  striking  paradox  in  this  land  of  plenty,  potentially 
one  of  the  wealthiest  countries  in  the  world,  is  the  present 
disparity  in  the  standard  of  Hving  as  between  urban  and 
rural  citizens.  The  standard  of  hving  on  many  farms  of 
the  prairie  provinces  is  much  too  low;  lower  in  many 
respects  than  that  of  the  peasantry  of  Europe.  The  latter 
at  least  enjoy  a  community  hfe,  social  intercourse,  the 
aesthetic  advantages  of  trees,  streams,  lakes  and  natural 
or  artificial  beauty  in  many  forms.  These,  for  the  most 
part,  are  denied  to  the  denizens  of  our  western  prairies. 

Modern  methods  of  farming,  where  one  or  two  men 
with  the  aid  of  machinery  can  cultivate  at  least  half  a 
section  of  land,  tend  to  produce  a  scattered  rural  popula- 
tion, not  dense  enough  to  sustain  an  interesting  community 
hfe.  Lack  of  good  drinking  water  is  a  hardship;  lack  of 
sufficient  water  for  stock,  in  many  large  areas,  compels  the 
farmer  to  concentrate  on  cereal  crops.  A  sparse  population 
makes  it  economically  difficult  to  provide  electric  energy, 
water,  rural  mail  delivery,  playgrounds,  community  halls 
and  other  amenities  or  services,  common  to  denser  rural 
populations,  and  of  course  to  urban  communities. 

Housing  conditions  in  some  portions  of  the  prairie 
country  are  exceedingly  bad.  Apparently  the  settlers  in 
general  did  not  appreciate  the  importance  of  having  good 
homes  and  pleasant  surroundings.  The  craze  for  more  land 
of  course  had  something  to  do  with  this  tendency,  but  un- 
doubtedly the  uninviting  appearance  of  the  "bald-headed 
prairie"  created  in  settlers  the  feehng  of  temporary  tenure. 

The  standard  of  living  must  be  raised  if  we  are  to 


Fig.  4 — Flow  of  Red  River  at  Emerson,  Man.,  and  relative  Sunspot 

Numbers. 


have  permanent  settlement  of  desirable  citizens  on  a  large 
scale  in  this  vast  area. 

Living  conditions  could  be  greatly  improved  by  con- 
serving surface  water;  by  forming  artificial  lakes  and  by 
creating  water  districts  to  serve  rural  communities  with 
that  precious  commodity  in  much  the  same  way  as  urban 
communities  are  now  served. 
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Utilization  of  Water 

The  average  precipitation  in  the  country  considered 
is  between  15  and  16  inches  per  annum.  The  final  run-off, 
after  deducting  amounts  that  must  be  allowed  to  discharge 
in  the  United  States  and  Manitoba,  represents  approx- 
imately 3  inches  over  the  adjacent  territory  suitable  for 
mixed  farming.  This  would  indicate  that  irrigation  on  a 
large  scale  is  out  of  the  question. 

There  is  too  much  tendency  to  think  of  western 
Canada  in  terms  of  wheat.    If  present  methods  of  farming 
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Fig.  5 — Relation  Between  Temperature  Precipitation  and 
Run-Off  in  the  Red  River  Watershed. 

continue,  very  httle  increase  in  prairie  population  can  be 
expected.  Producing  large  quantities  of  wheat  alone  on 
the  prairies  may  help  the  growth  of  population  in  eastern 
Canada  and  possibly  in  British  Columbia,  but  does  not 
tend  to  increase  population  greatly  in  the  prairie  provinces. 
It  is  the  author's  opinion  that  available  water  should 
not  be  used  for  wheat  irrigation.  Indeed  the  prairie  soil 
produces  excellent  wheat  without  irrigation.  It  is  suggested 
that  an  ideal  arrangement  would  be  to  provide  water  under 
pressure  say  along  each  alternate  north  and  south,  or  east 
and  west,  road  allowance,  in  a  given  water  district.  Water 
would  be  furnished  first  for  domestic  use  in  the  home,  thus 
tending  to  raise  the  standard  of  living;  secondly,  it  would 
be  piped  to  the  barn  and  elsewhere  for  the  use  of  stock; 
thirdly,  water  would  be  available  for  say  an  acre  or  two 
of  garden,  providing  vegetables  for  home  consumption  and 
for  sale,  and  roots  for  hogs,  etc.  Fourthly,  sufficient  water 
should  be  made  available  for  irrigating  from  15  to  25  acres 
of  hay  land  per  quarter  section.  Thus  a  farmer  and  his 
family  on  half  a  section  could  produce  say  100  acres  of 
wheat  annually.    When  the  market  for  wheat  was  poor, 


or  in  the  event  of  a  periodical  drought,  they  would  still 
have  their  garden  truck,  a  few  head  of  stall-fed  beef  steers, 
some  fat  hogs,  poultry,  eggs,  milk  and  cream  to  carry 
them  through.  Even  in  the  event  of  a  depression,  when 
such  produce  is  difficult  to  dispose  of  at  a  profit,  they  would 
at  least  have  enough  to  eat  and  so  would  not  be  a  burden 
on  other  taxpayers  for  relief,  as  at  present. 

The  tragedy  of  the  drought  area  is  not  that  farmers 
failed  to  produce  large  quantities  of  wheat;  indeed  it  was 
a  godsend  in  disguise  that  they  did  not  do  so,  as  the  world 
supply  was  apparently  too  great.  The  sad  part  is  that  they 
had  nothing  to  eat,  chiefly  due  to  lack  of  water  for  stock 
and  for  growing  vegetables  for  themselves  and  feed  for 
cattle,  hogs,  and  poultry.  Under  the  system  proposed 
above,  water  would  be  available  in  the  cities,  towns  and 
hamlets,  as  well  as  in  the  rural  areas,  and  it  is  calculated 
that  on  the  average  120  acre-feet  of  water  per  annum  for 
each  section  of  land  would  supply  the  rural  requirements. 

Economics  of  Rehabilitation 

Seventy-five  per  cent  at  least  of  the  rural  population 
of  this  vast  area,  with  their  horses  and  machinery,  have 
been  practically  idle  for  several  months  each  summer  for 
two,  three  and  even  four  years.  If  this  power  could  have 
been  utiHzed  during  that  period,  all  the  projects  suggested 
below,  and  many  more,  could  have  been  completed,  and 
each  completed  project  would  have  added  to  the  real 
wealth  of  the  nation. 

As  it  is  the  residents  have  remained  in  idleness,  much 
against  their  will,  and  milHons  of  money  have  been  poured 
into  these  areas  for  relief  purposes  for  which  there  is  no 
added  wealth  to  show.  Further,  during  this  period,  the 
people  to  some  extent  have  lost  their  moral  fibre  and 
independence. 

It  must  be  admitted  that  our  economic  system  jus- 
tified the  course  we  have  followed,  so  we  have  at  least  been 
consistent;  however,  in  the  opinion  of  the  writer,  any 
economic  system  that  prevents  needed  projects  being 
constructed  when  otherwise  idle  labour,  willing  and  anxious 
to  work,  is  available;  when  a  large  proportion  of  the  ma- 
terial required  for  such  improvements  is  at  hand,  and  the 
balance  available  in  other  parts  of  the  country  where  using 
it  will  provide  work  for  other  idle  people,  and  when  the 
alternative  to  doing  such  work  is  to  keep  the  idle  people 
on  relief  at  the  expense  of  taxpayers;  then  that  system  of 
economics  should  be  overhauled  as  there  must  necessarily 
be  something  basically  wrong  with  it.  This  is  not  a  plea 
for  either  socialism  or  fascism  but  rather  for  common  sense. 

It  may  be  argued  that  the  above  discussion  is  departing 
from  the  realm  of  engineering  for  that  of  economics.  En- 
gineering cannot  be  divorced  from  economics  and  it  would 
seem  that  engineers,  whose  bounden  duty  is  to  serve 
mankind,  should  be  jealous  of  anything  that  prevents  or 
weakens  that  service. 

Specific  Water  Conservation  Projects 
To  indicate  the  possibifities  and  Hmitations  of  water 
conservation  in  the  prairie  country,  a  few  specific  projects 
will  be  discussed.  These  proposals  are  marked  on  the  map 
in  Fig.  6.  They  were  studied  by  the  author  during  a 
reconnaissance  trip  made  for  the  Saskatchewan  government 
in  1931.  As  no  field  work  was  done,  the  description  in 
each  case  is  necessarily  a  general  outhne  of  possibilities. 
As  no  such  reconnaissance  was  made  either  of  Alberta  or 
Manitoba  the  following  schemes  suggested  for  further  study 
are  limited  to  Saskatchewan.  One  major  project  only  will 
be  mentioned. 

The  average  annual  discharge  of  the  South  Saskat- 
chewan river  at  Saskatoon  is  approximately  eight  milHon 
acre-feet,  or  over  twelve  times  as  much  as  the  aggregate 
of  all  the  other  central  and  southern  Saskatchewan  streams. 
This  is  a  measure  of  the  relative  importance  of  the  South 
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Saskatchewan  river  and  the  other  streams.  In  other  words 
this  large  stream  must  be  tapped  if  any  considerable  portion 
of  the  drought  area  is  to  be  provided  with  water.  The  other 
streams  are  important  enough  locally,  but  even  if  all  of 
them  were  developed,  onl}^  a  relatively  small  proportion 
of  the  country  would  be  benefited. 

The  amount  of  water  which  can  be  taken  from  the 
South  Saskatchewan  river  depends  on  negotiations  with  the 
adjacent  provinces,  the  desire  of  the  people  for  water  and 
their  ability  to  solve  power  and  economic  problems. 

RivERHURST  Proposal 

It  is  worth  while  studying  the  possibility  of  holding 
about  100  feet  of  water  on  a  dam  across  the  South  Saskat- 
chewan river  near  Riverhurst.  It  appears  possible  here  to 
develop  enough  power  from  such  a  dam  to  lift  say  one 
million  acre-feet  per  annum  into  a  reservoir  in  the  Ver- 
mihon  Hills  where  the  head  would  be  sufficient  to  discharge 
water  to  the  international  boundary,  say  south  of  Estevan. 
This  water  could  be  used  for  the  cities  of  Moose  Jaw, 
Regina,  and  Weyburn;  for  the  numerous  towns  and  ham- 
lets in  this  region  and  for  farms.  If  this  were  done  an  area 
of  approximately  10,000  square  miles  would  be  served  with 
excellent  water.  Each  section  of  land  to  which  water  is 
served  should  of  course  bear  part  of  the  cost;  on  the  other 
hand  as  the  community  itself  would  be  wealthier  because 
of  available  water,  it  should  also  bear  part  of  the  cost. 
Again  the  economics  of  this  proposal  should  be  viewed  from 
the  standpoint  outlined  above,  where  it  was  shown  that 
labour  is  going  to  waste  now  and  should  be  harnessed. 

Cypres.s  Lake  Project 

For  many  years  the  advisability  of  holding  water  in 
Frenchman  river,  just  north  of  Robsart,  and  irrigating  the 
Robsart-Vidora  areas,  has  been  under  consideration.  A 
combination  scheme  of  diverting  some  water  from  Battle 
creek  into  Cypress  lake,  holding  here  with  a  small  dam 
and  having  a  main  dam  north  of  Robsart  on  the  Frenchman 
river,  has  also  been  suggested.  As  the  country  has  a  very 
definite  fall  to  the  south  and  east  from  the  site  of  the 
proposed  dam  there  would  be  no  need  for  pumping  if  the 


water  were  carried  to  farms  by  pipe  lines  instead  of  ditches. 
Furthermore,  maintenance  costs  would  be  very  much  less. 
On  the  basis  of  providing  120  acre-feet  per  annum  to  each 
section  as  already  suggested,  a  large  area  of  this  part  of 
Saskatchewan  would  be  made  more  or  less  independent  of 
drought  as  far  as  normal  living  is  concerned.  Again,  this 
area  produces  some  very  fine  wheat  crops  without  irriga- 
tion. 

Swift  Current  Creek 

Since  1931  Rush  Lake  and  Morse  Lake  have  been  dry, 
while  Lake  Chaplin  probably  has  not  more  than  one-tenth 
of  its  normal  volume.  The  last  mentioned  lake  gets  very 
Kttle  water  from  the  surrounding  country  but  is  dependent 
almost  entirely  on  overflow  from  Lake  Johnston.  When 
dry  seasons  come.  Lake  Johnston  is  able  to  hold  the  total 
discharge  of  Wood  river,  so  there  is  nothing  left  for  Lake 
Chaplin.  The  normal  area  of  this  latter  lake  is  about  22 
square  miles.  Surrounding  the  lake,  and  to  the  south  east 
of  it,  there  is  at  least  an  equal  area  that  is  so  low  and 
marshy  that  it  also  should  be  classified  as  lake  bottom. 

It  is  proposed  to  divert  practically  the  total  discharge 
of  Swift  Current  creek  into  Rush  Lake  creek  about  2 
miles  north  and  3  miles  east  of  Waldeck.  This  would  be 
accomplished  by  constructing  a  relatively  small  diversion 
dam  on  Swift  Current  creek  and  tunnelling  through  the 
ridge  to  the  east.  There  is  a  fall  of  about  35  feet  between 
the  two  streams.  Rush  Lake  creek  being  the  lower  of  the 
wo.  Normally  there  would  be  sufficient  water  to  raiset 
Rush  Lake  3  or  4  feet  and  Morse  Lake  about  5  feet.  Dur- 
ing wet  years  the  surplus  water  can  be  stored  in  Lake 
ChapHn. 

It  is  expected  that  sufficient  water  would  be  available 
to  maintain  the  three  lakes  with  the  following  area  at 
least: — 

Rush  Lake 7  square  miles 

Morse  Lake 14      " 

Lake  Chaplin 32      " 

Total  water  area 53  square  miles 


Fig.  6 — Suggested  Water  Conservation  Projects  in  Saskatchewan. 
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This  is  probably  45  square  miles  more  water  area  than 
at  present. 

Of  course  it  might  be  better  to  use  this  excellent  water 
for  domestic  use  for  stock  and  for  irrigating  gardens  and 
small  areas  of  alfalfa  as  described  elsewhere.  Some  600 
square  miles  of  mixed  farming  country  could  be  salvaged 
in  this  way;  however,  the  country  needs  the  water  areas 
described,  and  serious  consideration  should  be  given  this 
proposal  before  the  alternative,  or  any  other  scheme,  is 
agreed  to. 

The  pond  ducks  and  other  water  fowl  of  this  continent 
are  decreasing,  due  partly  to  the  scarcity  of  prairie  sloughs 
and  lakes  for  suitable  breeding  grounds,  and  partly  to  bad 
water  conditions  in  lakes  that  have  not  yet  dried  up.  It 
must  be  remembered  that  the  solid  matter  in  solution 
changes  in  inverse  ratio  to  the  change  in  volume  of  water, 
up  to  the  point  of  saturation.  As  some  of  our  prairie  lakes 
now  contain  from  one-quarter  to  one-tenth  of  their  normal 
volume,  their  saline  content  must  now  be  four  to  ten  times 
as  great  as  formerly. 

As  this  particular  project  would  add  a  greater  water 
area  suitable  for  prairie  waterfowl  than  any  other  suggested, 
it  is  probable  that  the  water  should  be  used  for  this  purpose. 
Buffalo  Pound  Lake  Project 

The  Qu'Appelle  river  is  one  of  the  larger  streams 
whose  flow  at  present  is  of  very  little  value  to  the  country. 
In  the  early  spring  it  often  goes  in  flood,  damaging  much 
property  along  its  valley  and  causing  high  water  in  the 
Assiniboine  river,  thus  being  largely  responsible  for  the 
flood  damage  between  Brandon  and  Winnipeg.  In  other 
seasons  of  the  year  it  is  often  dry  as  far  east  as  the  Manitoba- 
Saskatchewan  boundary. 

It  is  proposed  to  construct  a  dam  across  the  Qu'Appelle 
river  immediately  below  its  confluence  with  Moose  Jaw 
creek.  This  reservoir  would  be  capable  of  impounding  the 
total  flow  in  any  one  year  of  Moose  Jaw  creek  and  the 
Qu'Appelle  river  up  to  that  point.  A  lake  would  be  formed 
in  the  Qu'Appelle  valley  some  ^  mile  wide  and  24  miles 
long,  flooding  out  Buffalo  Pound  lake  which  has  been 
practically  dry  since  1931. 

The  advantages  of  such  a  proposal  are  many.  Between 
6,000  and  8,000  acres  of  excellent  sandy  loam  land  in  the 
Qu'Appelle  valley  could  be  irrigated  by  gravity  from  the 
proposed  reservoir.  As  this  area  is  adjacent  to  good  markets 
in  Moose  Jaw  and  Regina,  no  doubt  it  would  develop  into 
a  vegetable  and  small  fruit  growing  district,  for  which  it  is 
exceptionally  well  fitted. 

Floods  in  the  Qu'Appelle  valley  would  be  prevented 
and  a  beneficial  effect  on  the  flood  conditions  in  the  Assini- 
boine may  be  expected.  Low  water  flow  in  both  the 
Qu'Appelle  and  Assiniboine  rivers  could  be  increased,  a 
boon  to  the  settlers  along  their  banks. 

In  this  same  project  it  is  also  proposed  to  improve 
the  small  dam  at  Craven  and  construct  another  on  the 
outlet  from  Long  Lake.  By  so  doing  Long  Lake  can  be 
maintained  at  a  pre-determined  level,  thus  improving  an 
already  popular  summer  resort. 

The  several  other  beautiful  lakes  along  the  Qu'Appelle 
valley  below  Craven  would  be  kept  full  also,  which  would 
be  a  source  of  pleasure  to  the  people  of  the  lower  valley. 
Buffalo  Pound  lake  itself  would  provide  a  summer  resort 
for  boating,  bathing,  etc.,  less  than  twenty  miles  from  the 
city  of  Moose  Jaw. 

SouRis  River 

The  Souris  river  has  an  average  annual  discharge  of 
about  60,000  acre-feet  at  the  international  boundary.  Near- 
ly two-thirds  of  this  passes  through  the  valley  during  six 
weeks  in  the  spring.  The  city  of  Minot,  North  Dakota,  is 
interested  in  the  conservation  of  water  in  this  stream,  as 
it  would  help  to  prevent  floods  in  spring  and  to  increase 
low  water  flow,  chiefly  for  the  dilution  of  sewage. 


Tentative  offers  of  contributions  towards  the  cost  of 
controlling  the  Souris  river  in  Saskatchewan  have  been 
made  by  representatives  of  the  city  of  Minot  and  the 
state  of  North  Dakota. 

By  damming  the  Souris  river  itself  some  three  miles 
west  of  Estevan  and  its  two  chief  tributaries,  i.e..  Long 
creek  and  Moose  Mountain  creek,  at  Estevan  and  Alameda 
respectively,  the  flow  of  the  Souris  river  could  be  entirely 
controlled. 

As  this  portion  of  Saskatchewan  is  underlain  by  thick 
seams  of  lignite  coal,  while  clay  for  brick  making  and  other 
purposes  is  close  at  hand,  it  is  probable  that  the  available 
water  should  be  conserved  chiefly  for  industrial  purposes. 

If  the  Souris  river  and  Long  creek  near  Estevan  are 
dammed,  suflncient  water  would  be  impounded  to  provide 
for  steam  plants  of  several  hundred  thousand  horse  power; 
considerably  more  than  southern  and  central  Saskatchewan 
will  require  for  many  years  in  the  future. 

The  water  impounded  in  Moose  Mountain  creek  near 
Alameda  could  be  used  for  farm  purposes  as  described  else- 
where. Water  is  urgently  needed  for  this  in  the  district 
around  Frobisher,  Oxbow  and  east,  at  the  present  time, 
which  is  an  excellent  wheat  growing  country. 

Many  other  projects  could  be  mentioned,  particularly 
for  preserving  at  a  high  elevation  many  of  the  larger  lakes, 
such  as  Big  Muddy,  Willow  Bunch  and  Goose  Lake;  all 
of  which  are  practically  dry  at  the  present  time.  Such 
projects  would  raise  the  level  of  the  ground  water  table 
in  their  general  vicinity;  would  provide  water  for  cattle 
and  other  stock,  breeding  ground  for  water  fowl,  recreational 
areas  for  residents,  and  would  in  general  make  the  prairie 
a  more  desirable  country  in  which  to  live. 
Ground  Water 

Too  little  is  known  about  the  ground  water  resources 
of  the  three  prairie  provinces.  Farmers,  engineers  and 
others  are  wasting  a  great  deal  of  money  and  effort  in 
costly  experiments  trying  to  find  satisfactory  ground  water 
in  various  parts  of  the  country. 

A  comprehensive  report  on  the  geology  and  ground 
water  resources  of  the  prairie  provinces  should  be  prepared. 
While  some  information  is  already  obtainable  for  isolated 
areas,  it  is  inadequate  as  a  basis  for  rehabilitation  projects. 
The  farmer,  industriaUst  or  engineer  should  be  able  to  tell 
directly  from  such  a  report  where  water  is  obtainable,  the 
quantity,  quality  and  probable  depth  at  which  it  will  be 
found. 

It  may  be  stated  however  that  our  ground  water 
resources  in  this  territory  are  not  very  impressive.  Very 
few  important  artesian  areas  exist.  For  the  most  part  also 
the  quaHty  of  ground  water  is  far  from  satisfactory. 

Professor  Simpson  has  given  one  hundred  and  ninety- 
six  analyses  of  typical  ground  waters  in  North  Dakota.^ 
Comparing  these  with  the  specifications  for  drinking  water 
issued  by  the  United  States  Treasury  Department,  it  is 
found  that  only  2  per  cent  are  good,  11  per  cent  fair,  11 
per  cent  poor,  and  76  per  cent  unfit  for  human  consumption. 
About  the  same  ratio  holds  in  general  for  the  prairie  country 
in  Canada. 

While  a  great  deal  of  improvement  can  be  made  in 
the  quality  of  these  ground  waters  by  suitable  treatment, 
many  cannot  be  made  potable,  due  to  heavy  concentra- 
tion of  the  sodium  salts. 

This  is  another  reason  why  surface  supphes  should  be 
developed  to  the  fullest  extent  possible  in  our  prairie 
country. 

Conclusion 

Drought  conditions  are  serious  in  the  prairie  provinces. 
The  area  affected  is  getting  larger.    While  natural  factors 

2  U.S.  Geological  Survey,  Water  Supply  Paper  No.  698. 
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appear  to  be  changing  for  the  better  (i.e.,  increased  precipi- 
tation and  lower  evaporation),  man  must  take  action  to 
rehabihtate  the  stricken  country  and  to  create  conditions 
that  will  minimize  the  effects  of  another  serious  drought 
period  when  it  comes,  as  it  surely  will.  Much  depends 
on  the  technical  agriculturist  in  developing  more  suitable 
vegetation  and  farming  methods;  much  depends  on  the 
farmer  in  using  these  weapons  and  others  intelligently 
and  energetically.  A  great  deal  can  be  done  by  intelhgent 
forest  protection,  reforestation,  afforestation  and  the  plant- 
ing of  hedges,  etc.  Perhaps  the  largest  amount  of  responsi- 
bihty  lies  with  the  engineer  in  connection  with  the  conserva- 
tion and  utiUzation  to  the  best  advantage  of  all  available 
surface  and  ground  waters. 

The  problem  as  a  whole  is  one  that  cannot  be  solved 
by  the  engineer  alone,  or  the  agronomist,  or  the  forestry 
expert,  but  rather  by  a  small  commission  of  technical  men 
co-ordinating  the  work  of  government  departments,  univer- 
sities and  private  individuals. 

In  conclusion  an  excerpt  is  quoted  from  an  article 


written  for  the  author  by  Mr.  J.  Dewey  Soper,  Chief 
Federal  Migratory  Bird  Officer  for  the  western  provinces, 
which  shows  how  important  such  proposals  are  from  the 
standpoint  of  bird  life  on  this  continent. 

"Drastic  steps  are  required  to  save  both  the  farming 
interests  of  the  dry  belt  and  the  waterfowl  which  one  day 
so  abundantly  populated  its  innumerable  ponds  and  sloughs. 
The  time  has  come  for  a  profound  consideration  of  these 
problems.  Drainage  operations  must  be  abohshed  and  every 
effort  made  to  restore  vanished  lakes  and  suspend  the 
gradual  subsidence  of  others — if  that  is  at  all  possible. 
The  restoration  of  ponds,  lakes  and  sloughs,  and  the 
planting  of  trees  should  go  far  to  bring  back  a  normal 
farming  community,  and  coincidentally  the  waterfowl 
population.  Tree  belts,  while  preventing  the  devastating 
effects  of  soil  drifting  and  conserving  moisture  with  a 
heightening  of  the  water  table,  will  attract  a  great  army 
of  insectivorous  birds  beneficial  to  agriculture.  U'pon  an 
adequate  and  'prolonged  restoration  programme  will  hinge 
important  inter-related  and  profitable  consequences" 
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During  the  past  four  years  parts  of  southern  Mani- 
toba and  sections  of  southeastern  Alberta,  and  particularly 
southern  Saskatchewan,  have  suffered  from  a  severe 
drought,  with  a  consequent  loss  and  hardship  to  the  in- 
habitants in  particular  and  to  Canada  in  general.  To 
relieve  this  situation,  the  various  governments  have  been 
providing  relief  in  the  form  of  money,  food  and  clothing. 
While  this  method  may  be  the  most  economical,  it  will 
not  prevent  a  recurrence  of  the  present  situation  and  it  is 
now  realized  that  measures  for  the  conservation  of  the 
water  supply  in  the  prairie  provinces  will  have  to  be  taken 
before  any  permanent  relief  can  be  effected. 

Sources  from  which  water  might  be  drawn  for  irriga- 
tion in  southern  Saskatchewan  are  the  streams  rising  in 
the  province  and  the  South  Saskatchewan  river. 

It  has  been  suggested  that  many  small  local  reservoirs 
should  be  built  to  conserve  the  spring  runoff  of  streams 
having  their  sources  within  the  drought  area.  The  writer 
has  not  sufficient  knowledge  of  the  country  to  say  how 
feasible  this  would  be,  but  it  is  quite  apparent  that  this 
supply  is  not  dependable.  The  chief  source  of  supply 
must  therefore  be  from  streams  having  their  source  and 
main  water  supply  outside  of  the  area  affected.  The 
Saskatchewan  river  fulfiUs  this  condition,  as  about  three 
quarters  of  its  flow  is  of  glacial  origin  from  the  Rocky 
Mountains.  The  precipitation  in  the  prairies  adds  little  to 
its  flow. 

The  Saskatchewan  river  is  one  of  the  largest  in  western 
Canada.  Both  its  north  and  south  branches  rise  in  the 
Rocky  Mountains  and  flow  easterly  through  the  provinces 
of  Alberta  and  Saskatchewan,  the  south  branch  through 
the  drought  area,  joining  about  thirty  miles  below  Prince 
Albert  at  the  Forks,  then  continuing  east  and  north  to 
The  Pas,  Manitoba,  finally  emptying  into  Lake  Winnipeg. 
The  construction  of  a  storage  dam  on  the  south  branch 
warrants  serious  consideration,  and  while  it  would  not 
relieve  the  whole  drought  area,  it  would  have  the  decided 
advantage  of  providing  permanent  relief  each  year  to  over 
800,000  acres  of  dry  land.  Other  benefits  attributable  to 
storage  wUl  be  mentioned  later. 


While  it  is  impossible,  without  more  information  to 
decide  definitely  on  a  location  for  the  dam,  a  study  of 
reliable  contoured  maps  indicates  that  a  site  in  the  vicinity 
of  The  Elbow,  or  upstream  from  it,  depending  on  where 
the  lands  are  that  require  irrigation  and  can  be  irrigated, 
would  have  many  advantages.  As  an  example,  if  a  dam 
could  be  constructed  on  the  South  Saskatchewan  river, 
below  its  junction  with  Aiktow  Creek,  the  natural  level 
could  be  raised  about  140  feet  from  elevation  1650  to  1805, 
and  the  deeply  eroded  valley  of  the  South  Saskatchewan 
river  used  as  the  storage  reservoir,  having  a  capacity  of 
200  billion  cubic  feet.  If  this  location  were  finally  chosen, 
a  secondary  dam  would  have  to  be  constructed  on  the 
height  of  land  between  the  waters  of  Aiktow  Creek  and  the 
Qu'Appelle  river,  and  a  third  at  the  outlet  of  Buffalo  Pound 
lake,  creating  a  supplementary  reservoir  having  a  capacity 
of  115  billion  cubic  feet  to  elevation  1775,  would  make 
water  available  in  that  valley  for  irrigation,  grazing  and 
water  supply.  This  supplementary  reservoir  would  be  filled 
by  the  excess  of  the  requirements  for  200  billion  cubic  feet. 

The  total  drainage  area  at  the  mouth  is  155,000  square 
mUes,  and  at  The  Pas  149,000  square  miles.  The  drainage 
area  at  Saskatoon,  situated  on  the  South  Saskatchewan 
river,  with  which  branch  this  memorandum  mainly  deals, 
is  50,900  square  miles. 

The  records  of  stream  flow  at  Saskatoon  for  the 
South  Saskatchewan  have  been  kept  by  the  Dominion 
Water  Power  Branch  since  1911  and  show  that  the  river 
at  this  point  has  a  discharge  varying  from  a  minimum 
flow  of  765  to  a  maximum  of  131,000  second  feet,  or  a 
ratio  of  1  to  170. 

A  calculation,  using  the  monthly  mean  flows  for  the 
period  1911  to  September  1933  indicates  that  there  has 
been  sufficient  water  in  the  river  to  fill  annually  a  storage 
reservoir  of  200  billion  cubic  feet,  based  on  the  lowest 
period  of  record.  This  water  so  stored  and  the  flow  regulated 
as  required  would  have  been  enough  to  irrigate  800,000 
acres  of  land  each  year,  at  the  rate  of  3  feet  per  acre,  and, 
in  addition,  would  have  increased  the  low  flow  of  the  river 
from  a  monthly  minimum  of  1,300  second  feet  to  4,000 
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second  feet,  as  well  as  increasing  the  low  flow  of  the  Qu'Ap- 
pelle  river  by  some  400  cubic  feet  per  second,  or  more, 
and  providing  sufficient  water  for  a  population  double  the 
combined  population  of  Moose  Jaw  and  Regina. 

The  flows  of  the  South  Saskatchewan  and  the  Qu'Ap- 
pelle  rivers  are  entirely  dissimilar.  The  South  Saskat- 
chewan at  Medicine  Hat  has  a  drainage  area  of  20,600 
miles  and  on  the  Qu'Appelle  at  Tantallon,  120  miles  east 
of  Regina,  the  drainage  area  is  the  same.  An  examination 
of  the  monthly  mean  flows  shows  that  in  April  1925,  when 
the  South  Saskatchewan  at  Medicine  Hat  was  flowing 
11,600  cubic  feet  per  second,  the  discharge  on  the  Qu'Ap- 
pelle was  only  1,950  cubic  feet  per  second.  For  July  of 
the  same  year,  the  flow  of  the  South  Saskatchewan  at 
Medicine  Hat  was  10,600  and  the  Qu'Appelle  250.  In 
July  1926  the  flow  at  Medicine  Hat  was  7,340  and  on  the 
Qu'Appelle,  76. 

The  Qu'Appelle  flows  just  north  of  Moose  Jaw  and 
north  of  Regina.  Both  these  towns  draw  their  water  from 
wells.  An  increased  flow  in  this  river  would  give  assurance 
of  a  constant  increased  supply  of  water  for  these  two  cities 
and  to  the  lands  along  its  route. 

A  scheme  was  proposed  some  years  ago  for  the  pump- 
ing of  water  from  the  Saskatchewan  river  over  the  height 
of  land  down  Thunder  Creek  valley,  for  a  water  supply 
to  Moose  Jaw  and  Regina  by  the  construction  of  a  small 
storage  dam  on  this  river. 

With  the  larger  scheme  of  storage  on  the  South  Saskat- 
chewan, as  proposed  by  this  memorandum,  it  might  be 
possible  to  extend  pipe  lines  or  canals  and  supply  water 
to  smaller  storage  reservoirs  located  throughout  the  affected 
area. 

From  the  standpoint  of  reclamation,  it  is  reported 
that  in  the  Carrot  river  triangle  and  the  Pasquia  river 
section,  upstream  and  downstream  from  The  Pas,  an  area 
of  land  exceeding  one  million  acres  is  annually  inundated 
by  the  flood  waters  of  the  Saskatchewan  river.  It  is  nearly 
impossible,  from  an  economic  standpoint,  to  create  sufficient 
storage  to  totally  store  peak  flows  and  reduce  them  so 
that  they  would  never  occur,  but  the  creation  of  storage 
does  reduce  the  duration  of  peak  and  so  would  assist  in 
reclaiming  this  huge  area. 

While  some  power  for  pumping  could  be  developed  at 
the  storage  dam  itself,  the  variation  in  the  head  would  be 
a  serious  factor  and  it  is  quite  probable  that  power  would 
need  to  be  developed  at  plants  downstream  from  the 
storage  dam  where  the  head  would  be  constant  and  the 
minimum  flow  greater. 


The  increase  in  the  potential  power  of  the  river,  due 
to  the  storage,  from  the  probable  dam  site  down  to  a  point 
about  150  miles  upstream  from  The  Pas  would  be  about 
200,000  h.p.  at  100  per  cent  load  factor  and  85  per  cent 
efficiency.  Some  of  these  sites  are  a  considerable  distance 
below  the  proposed  storage  reservoir,  but  with  proper 
operation  and  the  succession  of  ponds  caused  by  the  power 
developments,  nearly  the  full  effect  of  the  storage  would 
be  obtained  at  the  lower  sites. 

The  construction  of  power  plants  primarily  for  pump- 
ing would  not  interfere  with  existing  power  systems.  At 
certain  times  during  the  year  there  would  be  power  available 
for  sale.  The  population  of  Saskatchewan  is  some  951,000, 
the  third  largest  of  any  province  in  Canada,  and  yet, 
possibly  due  to  the  lack  of  large  manufacturing  industries, 
the  power  at  present  developed  by  plants  having  power  for 
sale  within  the  province  is  only  126  h.p.  per  1,000  of  popula- 
tion. The  developed  power  within  the  province  consists 
of  water  power  42,035  and  power  developed  by  some  140 
odd  fuel  oil  and  steam  stations,  amounts  to  some  78,400 
h.p.  Practically  all  of  the  water  power  is  produced  in  the 
plant  on  the  Churchill  river,  and  is  exported  to  Manitoba 
for  use  in  the  mines. 

The  above  figure  of  126  h.p.  per  1,000  of  population 
appears  to  be  far  from  the  saturation  point.  Ontario  has 
668  h.p.  per  1,000  of  population,  Manitoba  541  h.p.  per 
1,000  and  British  Columbia  over  1,000  h.p. 

Similar  storage  schemes  can  no  doubt  be  built  on  the 
North  Saskatchewan,  the  Red  Deer  and  other  tributary 
streams  rising  in  the  mountains,  with  consequent  benefits 
to  irrigation,  reclamation,  water  power  and  navigation. 

At  the  present  time,  irrigation  is  of  paramount  im- 
portance. The  other  uses  for  water  mentioned  above  should 
not  be  lost  sight  of  in  future  plans,  and  it  is  felt  that  the 
scheme  suggested  by  this  paper  also  serves  these  other  three 
demands. 

A  complete  inquiry  should  be  made  as  to  the  economic 
possibilities  of  relieving  in  part  the  drought  by  irrigation 
and  no  scheme  should  be  gone  ahead  with  until  a  thorough 
examination  has  been  made  of  the  water  resources  of  the 
Saskatchewan  river  drainage  area.  As  the  river  is  inter- 
provincial,  a  committee  might  be  formed  consisting  of  a 
proper  member  from  each  of  the  provinces  affected  and 
from  the  Dominion  government  to  report  on  the  construc- 
tion of  a  storage  dam  or  dams  to  benefit  irrigation,  reclama- 
tion, power  and  navigation.  If  it  was  decided  that  storage 
dams  were  the  proper  practical  solution,  a  legal  agreement 
could  be  entered  into  between  the  three  provinces  and  the 
Dominion,  based  on  their  respective  rights,  to  carry  the 
project  to  a  successful  conclusion. 
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In  June  1934  the  Congress  of  the  United  States  made 
available  to  the  Federal  Emergency  Relief  Administration 
the  sum  of  $525,000,000  to  be  expended  on  drought  relief 
in  areas  designated  by  the  U.S.  Department  of  Agriculture 
as  suffering  from  drought,  the  funds  to  remain  available 
until  March  31st,  1935.  The  Federal  Emergency  Relief 
Administration  allotted  these  funds  to  the  various  State 
Emergency  Relief  Administrations  in  the  drought  area  to 
be  expended  by  these  agencies  under  general  policies 
established  by  the  Federal  Administration. 

A  number  of  states  have  set  up  State  Planning  Boards 
or  State  Conservation  Boards  each  having  a  federal  repre- 
sentative associated  with  them.  These  federal  represent- 
atives are  expected  to  assist  in  co-ordinating  the  work  of 
the  various  state  boards  with  the  plans  of  the  National 
Resources  Board  working  under  the  Public  Works  Admin- 
istration. In  some  states  the  State  Committees  are  called 
State  Planning  Committees  and  in  others  State  Conserva- 
tion Boards  or  Committees. 

The  programme  as  carried  out  has  included  all  types 
of  relief  such  as  direct  payment  of  funds  to  distressed 
families,  the  purchase  of  livestock  that  could  not  be  main- 
tained in  the  drought  area  because  of  shortage  of  feed  and 
water,  the  furnishing  of  seed  for  late  forage  crops,  etc.,  and 
work  projects  such  as  the  processing  and  canning  of  meats 
for  distribution  to  people  on  relief  rolls  and  the  develop- 
ment of  water  supplies  in  the  drought  areas. 

Because  of  the  comparatively  short  time  the  drought 
relief  funds  would  be  available,  and  the  urgent  need  in 
many  areas  for  immediate  water  supplies,  it  was  decided 
in  planning  the  water  programme  to  limit  the  work  to 
projects  that  would  promptly  make  water  available,  and 
that  could  be  completed  within  the  limited  time  during 
which  drought  funds  would  be  available.  In  other  words, 
the  object  was  to  meet  the  existing  drought  situation  rather 
than  to  start  on  a  long  time  water  conservation  programme. 

On  the  national  forest  ranges  and  public  grazing  land 
the  work  has  been  confined  largely  to  the  cleaning  out  and 
improvement  of  springs,  the  digging  of  wells,  the  furnishing 
of  windmills  and  tanks,  and  the  construction  of  dams  to 
form  stock  water  holes.  The  improvements  are  more  or 
less  of  a  permanent  nature  and  the  increased  carrying 
capacity  of  the  range  resulting  from  the  work  will  ulti- 
mately pay  the  cost. 

On  privately  owned  land,  both  in  the  range  and  dry 
farming  areas,  the  same  types  of  projects  have  been  carried 
on,  but  in  every  case  before  construction  work  has  been 
started,  the  landowner  has  been  required  to  sign  an  ease- 
ment granting  the  general  public  access  to  the  water 
developed  during  periods  of  drought. 

In  the  irrigated  areas  ditches  have  been  cleaned  out 
and  lined  to  reduce  seepage  losses,  reservoirs  and  other 
irrigation  structures  have  been  repaired,  small  reservoirs 
have  been  constructed  and  pumping  from  streams  has  been 
carried  on  to  furnish  supplemental  water  for  crops.  This 
work  has  resulted  in  the  saving  of  large  areas  of  crops 
that  would  have  otherwise  been  killed  by  the  drought,  and 
has  enabled  the  landowners  to  take  care  of  themselves 
during  this  winter  instead  of  being  dependent  upon  the 
relief  rolls.    The  cost  of  carrying  the  benefited  people  over 


the  winter  on  the  relief  rolls  would  have  in  most  cases 
exceeded  very  materially  the  cost  of  the  work  and  the 
landowners  have  been  able  to  maintain  their  self  respect. 

In  some  instances  the  water  supplies  for  towns  and 
villages  have  been  supplemented  by  the  digging  of  wells, 
the  improvement  of  reservoirs,  the  construction  of  pipe  lines 
and  the  pumping  of  water  from  nearby  streams,  etc.  In 
practically  all  cases  where  assistance  has-  been  rendered  to 
incorporated  towns  the  local  communities  have  been  re- 
quired to  furnish  most  of  the  materials  required  for  the 
work,  and  the  drought  funds  have  been  expended  in  the 
employment  of  labour  that  would  otherwise  have  been  on 
the  relief  rolls. 

In  a  few  of  the  drought  states  bird  refuges  and  recrea- 
tional lakes  have  been  developed  as  a  phase  of  the  relief 
work,  the  size  of  the  lakes  varying  in  area  from  about  80 
to  10,000  acres.  The  bird  refuges  have  been  developed  on 
public  lands  and  entirely  at  public  expense.  In  developing 
the  recreational  lakes  the  local  people  have  been  required 
to  furnish  the  lake  site  and  all  or  part  of  the  materials  and 
equipment  required  for  the  work.  The  relief  funds  have 
been  devoted  primarily  to  the  employment  of  labour  from 
the  relief  rolls.  In  visiting  the  field  the  writer  has  been 
impressed  with  the  popularity  of  such  developments.  They 
appeal  especially  to  the  residents  of  the  semi-arid  states 
where  bodies  of  water  for  recreational  uses  are  non-existent. 

In  addition  to  the  construction  projects  outlined  above 
a  number  of  the  State  Relief  Administrations  have  con- 
ducted ground  and  surface  water  surveys  to  determine  the 
extent  of  such  resources.  Such  projects  have  furnished 
employment  to  engineers  and  geologists  in  need,  and  the 
results  obtained  will  be  of  great  value  in  planning  long 
time  programmes  of  water  conservations.  Several  of  the 
states  have  established  Water  Conservation  Boards  and 
the  State  Relief  Administrations  have  co-operated  with 
these  boards  by  furnishing  technical  personnel  to  assist  ni 
developing  state-wide  plans  for  water  development.  If  a 
general  public  works  programme  should  be  undertaken  the 
plans  that  have  been  prepared  will  be  of  great  value  in 
expediting  the  work. 

In  Montana  the  water  programme  has  been  limited 
primarily  to  the  development  of  water  supplies  on  the  range 
lands.  Numerous  springs  have  been  cleaned  out  and 
equipped  with  suitable  water  troughs;  wells  have  been 
dug;  and  small  dams  constructed  to  form  stock  water 
ponds.  As  a  result  of  the  work  it  has  been  possible  to 
retain  a  large  amount  of  livestock  in  the  state  that  would 
otherwise  had  to  have  been  sacrificed.  In  some  instances 
supplemental  water  has  been  made  available  to  irrigated 
lands  and  repairs  made  to  irrigation  systems  to  reduce 
seepage  losses.  Assistance  has  also  been  rendered  to  the 
State  Conservation  Board  by  furnishing  employment  to 
technical  employees  engaged  in  developing  a  long  time 
plan^  of  water  development  and  conservation  for  the  state. 

In  North  Dakota  work  in  the  rural  region  has  been 
limited  primarily  to  the  construction  of  dams  for  stock 
water  ponds.  It  is  expected  that  more  than  four  hundred 
such  dams  will  be  completed  before  the  end  of  next  March. 
In  addition  to  the  stock  water  ponds  a  considerable  number 
of  small  recreational  lakes  and  municipal  reservoirs  have 
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been  completed  ranging  in  size  from  30  to  40  acres  up  to 
600  or  700  acres.  Five  large  bird  refuges  are  also  under 
construction  covering  a  total  of  more  than  150,000  acres. 
The  refuges  on  the  Des  Lacs  lakes  and  the  Souris  river, 
located  north  of  Minot,  are  expected,  when  completed,  to 
be  the  most  valuable  wild  life  refuges  in  the  United  States. 
In  localities  where  municipalities  and  rural  communities 
have  suffered  from  shortage  of  water,  wells  have  been  dug 
to  relieve  the  situation. 

The  state  has  organized  a  Water  Conservation  Board 
and  the  Emergency  Relief  Administration  has  co-operated 
with  the  board  by  furnishing  technical  personnel  from  the 
unemployed  lists  to  conduct  a  state-wide  survey  of  ground 
water  conditions  which  will  be  of  value  in  planning  a  water 
development  programme  for  the  state. 

The  Federal  Emergency  Relief  Administration  feels 
that  the  water  development  and  conservation  projects 
carried  on  under  the  drought  relief  programme  have  not 
only  been  of  great  value  in  relieving  the  immediate  drought 
situation  but  that  much  of  the  work  is  of  such  permanent 
character  that  benefits  will  continue  to  be  derived  for 
years  to  come.  The  value  of  the  crops  and  livestock  saved 
during  the  past  season  have  enabled  large  numbers  of 
farmers  to  maintain  themselves  who  otherwise  would  have 
had  to  appeal  for  relief  during  the  present  winter.     The 


reduction  thus  obtained  in  the  relief  load  will  go  a  long  way 
toward  paying  the  cost  of  the  work.  The  programme  has 
also  provided  an  opportunity  for  work  to  large  numbers 
on  the  relief  rolls,  thus  enabling  them  to  maintain  their 
self  respect  by  working  instead  of  accepting  a  dole. 

Under  the  Public  Works  Programme  it  is  planned  to 
plant  a  shelter  belt  extending  from  north  central  North 
Dakota  south  into  the  state  of  Texas.  The  belt  is  to  be 
made  up  of  strips  of  timber  a  few  hundred  feet  wide  placed 
a  mile  apart,  the  entire  belt  having  a  total  width  of  ap- 
proximately 100  miles.  It  is  expected  that  $25,000,000  will 
be  available  for  the  work  during  1935.  Planting  will  be 
started  this  spring  and  it  is  expected  that  all  of  the  tree 
stock  available  will  be  planted.  Nurseries  will  be  started 
to  supply  further  stock  for  the  belt. 

The  National  Resources  Board  has  prepared  a  long- 
time programme  of  the  development  of  National  Resources 
that  it  is  expected  will  be  used  as  a  guide  in  planning  for 
public  improvements  under  plan  of  Public  Works  passed 
by  Congress.  Congress  is  now  engaged  in  considering  what 
shall  be  spent  on  public  works  in  the  immediate  future. 
Final  action  has  not  been  taken  so  that  it  is  impossible 
to  advise  what  authority  will  carry  out  the  work  that  is 
authorized. 


The  Water  Supply  of  the  Prairie  Provinces  and  its  Bearing 

on  their  Economic  Development' 


DISCUSSION 


S.  G.  Porter,  m.e.i.c. — Chairman^ 

The  criticism  is  sometimes  made  that  The  Institute  is  indifferent 
to  the  actual,  the  practical  economic  problems  that  the  country  has 
to  meet.  However,  the  arrangement  for  this  discussion  should  tend  to 
remove  any  ground  for  such  criticism.  The  question  under  discussion 
is  one  of  pressing  economic  concern,  as  well  as  having  its  engineering 
and  scientific  phases. 

All  of  these  papers  are  on  the  one  general  topic  of  the  water  supply 
of  the  prairie  provinces  and  their  bearing  on  economic  development 
and  with  the  discussions  will  form  an  accumulation  of  data  and  ideas 
that  should  be  of  practical  assistance  to  our  governments  or  other 
bodies  who  are  interested. 

H.  G.  Cochrane,  a. m.e.i.c' 

The  problem  Mr.  Main  presents  is,  not  how  to  grow  more  wheat, 
but  how  to  make  this  area  more  habitable,  and  to  conserve  the  invest- 
ment already  made  in  it,  so  that  it  will  not  eventually  be  given  back 
to  the  Indians. 

No  "blanket  remedy"  can  be  applied  to  the  drought  area.  Different 
districts  require  different  treatment.  Nor  can  the  remedies  be  put  into 
effect  at  once,  or  on  a  large  scale.  There  must  be  piecemeal  applica- 
tion. 

The  question  has  three  aspects — social,  economic  and  engineering, 
and  must  be  considered  from  all  three. 

It  appears  that  the  various  governments  at  the  present  time  have 
neither  the  funds  nor  the  inclination  to  make  an  exhaustive  study, 
nor  does  an  undertaking  of  this  kind  appear  sufficiently  attractive  to 
private  capital  to  warrant  a  private  investigation  of  its  possibilities. 
But  viewed  as  a  measure  to  salvage  investments  already  made,  the  matter 
assumes  a  different  aspect. 

Who  are  the  investors  chiefly  interested  ?  Primarily,  the  railway 
companies,  the  insurance  companies,  loan  and  mortgage  couipanies. 


'  Papers  presented  at  the  Annual  Meeting  of  The  Engineering 
Institute  of  Canada,  held  at  Toronto,  Ont.,  February  8th,  1935,  and 
published  in  the  April  1935  issue  of  The  Journal 

^  Manager,  Dept.  of  Natural  Resources,  Canadian  Pacific  Railway 
Company,  Calgary. 

'  Senneville,  Que. 


grain  and  elevator  companies,  the  larger  merchants,  farm  implement 
companies,  the  larger  cities  and  towns  in  the  drought  area.  And  if 
the  list  were  broadened  to  include  other  bodies  interested  in  the  question, 
the  names  of  the  Canadian  Chamber  of  Commerce  and  the  Canadian 
Manufacturers'  Association  might  be  added. 

Were  these  bodies  approached,  it  is  probable  that  all  or  many 
of  them  would  be  willing  to  contribute  sufficient  funds  between  them 
to  enable  a  thorough  consideration  of  the  question  to  be  carried  out. 
Moreover,  by  the  time  such  a  study  or  appraisal  were  completed,  it 
might  readily  be  that  the  governments  would  be  in  a  better  position 
to  take  such  steps  as  might  be  found  necessary  and  recommended  by 
such  a  study. 

There  are  almost  unlimited  sources  of  information  and  statistics 
available  for  such  an  appraisal.  The  universities,  agricultural  colleges, 
experimental  farms,  grain  and  elevator  companies,  city  water  depart- 
ments, all  have  statistics  bearing  on  the  subject.  Crop  statistics  are 
available  from  the  railways,  and  from  the  existing  irrigation  districts 
in  operation  in  Alberta,  the  Dominion  Water  Power  Branch  and  the 
Provincial  Natural  Resources  Departments  have  available  sufficient 
engineering  surveys  to  form  an  intelligent  basis  for  preliminary  es- 
timates. This  collection  of  data  and  the  consideration  of  it,  could  be 
undertaken  and  substantially  completed  in  a  preliminary  way,  within 
a  year  or  eighteen  months,  with  an  expenditure  of  a  few  thousand 
dollars.  Each  of  the  variously  pi'oposed  remedies  could  be  considered 
one  at  a  time,  estimates  of  costs  made,  delimiting  the  area  under 
consideration,  and  an  approximate  assessment  made  of  the  economic 
and  social  benefits  to  be  gained.  Even  the  social  benefits  can  be  partly 
valued  by  determining  the  amount  of  "relief  expenditure"  to  be  saved. 
Each  project  could  be  examined  to  see  to  what  extent  it  might  be  self- 
liquidating  and  how. 

The  Engineering  Institute  deserves  praise  for  bringing  this  question 
into  the  limelight  of  professional  discussion.  But  if  it  merely  draws 
such  comments  from  its  members  as  "Very  interesting  problem,  some- 
one ought  to  do  something  about  it!" — nothing  much  will  have  been 
accomplished. 

The  following  suggestion  is  therefore  presented — that  a  strong 
committee  of  The  Institute  be  formed  at  this  meeting,  composed 
mostly  of  its  western  members,  empowered  to  approach  the  bodies 
above  suggested,  for  contributions,  to  undertake  such  a  study  and 
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report,  within  limits  made  possible  by  funds  obtained,  and  to  circularize 
any  of  the  profession  now  in  possession  of  any  pertinent  information' 
asking  their  co-operation.  Copies  of  such  a  report  could  be  made 
available  to  contributors  and  governments,  and  as  much  publicity  as 
possible  given  to  the  subject,  through  the  daily  press,  bearing  in  mind 
that  tiltimately  governments  must  provide  the  funds  for  whatever  is 
done,  and  informed  public  opinion  is  the  only  motivating  force  which 
will  cause  such  action. 

In  such  a  way,  The  Engineering  Institute  could  materially  assist 
in  the  solution  of  a  thoroughly  Canadian  problem  of  the  first  mag- 
nitude. 

C.  H.  Fox,  M.E.I. c* 

Most  of  the  major  proposals  in  popular  discussions  seem  to  miss 
the  mark  and  it  is  important  that  engineers  should  stress  the  necessity 
for  an  exhaustive  study  of  the  actual  benefits  which  will  be  derived 
before  any  scheme  is  put  into  effect. 

To  refer  briefly  to  the  projects.  One  was  the  diversion  of  the 
South  Saskatchewan  river,  close  to  Riverhurst,  to  irrigate  or  to  be 
distributed  over  an  area  of  8,500  square  miles,  all  the  way  down  to 
the  south  boundary  of  Saskatchewan.  That  project  would  require  a 
dam  construction  across  a  valley  2,000  feet  wide,  underlain  with  a 
considerable  depth  of  sand  and  silt,  at  least  200  miles  of  main  distribu- 
tion with  reservoirs,  and  in  addition  to  that,  the  suggested  diversion 
of  a  million  acre-feet  of  water  per  annum,  and  elevating  to  a  sufficient 
height  to  be  used  over  that  area  would  require  a  continuous  pumping 
plant  of  80,000  h.p.  capacity.  That  is  more  than  the  capacity  available 
from  the  Saskatchewan  during  a  great  part  of  the  season  and  such  a 
pumping  plant  would  therefore  require  a  capacity  of  about  200,000  h.p. 
to  do  the  work  successfully. 

The  elevating  of  such  large  quantities  as  suggested  in  the  River- 
hurst diversion  is  an  expensive  undertaking.  A  less  ambitious  plan 
might  be  to  make  the  diversion  near  Elbow,  following  the  old  overiflow 
course  down  the  Qu'Appelle. 

With  regard  to  the  suggested  impounding  of  Buffalo  Pound  Lake 
from  Moose  Jaw  creek  area.  It  seems  strange  to  suggest  letting  water 
flow  out  of  Moose  Jaw  creek  area  and  impounding  it  in  Buffalo  Pound 
Lake,  and  at  the  same  time  to  suggest  diverting  the  Saskatchewan 
and  elevating  water  three  to  four  hundred  feet  to  be  used  in  the  Moose 
Jaw  creek  drainage  area. 

The  total  precipitation  on  the  average  in  most  farming  districts  if 
conserved  is  sufficient  for  ordinary  needs.  The  difficulty  is  that  a 
good  deal  runs  off  at  times  when  there  is  an  excess.  The  important 
thing  is  to  retain  this  moisture  actually  on  the  farms.  The  impounding 
of  run-off  in  the  beds  of  creeks  is  of  secondary  importance,  while  the 
creation  of  lakes  at  the  low  levels  of  major  stream  beds  is  of  little  value. 

The  development  of  at  least  one  or  two  ponds  on  every  farm 
surrounded  with  shelter  belts  of  trees  should  be  encouraged.  To 
reduce  evaporation  losses  such  ponds  should  be  as  deep  and  of  as 
small  an  area  as  local  conditions  and  cost  of  construction  will  permit. 

Mr.  Main's  paper  showed  some  interesting  charts  on  temperature, 
but  those  charts  were  all  prepared  on  data  obtained  in  cities  or  places 
where  the  amount  of  radiating  surface  had  possibly  increased  during 
the  period  under  consideration.  Has  that  increase  in  temperature  been 
general  throughout  the  prairie  lands  ? 

P.  C.  Perry,  a.m.e.i.c.' 

Mr.  Main  has  rendered  a  service  to  the  prairie  provinces  through 
his  efforts  to  arouse  public  interest  in  conservation;  however,  on  some 
points  our  opinions  differ.  His  introductory  remarks  would  imply  that 
drainage  work  on  the  prairie  is  to  be  condemned  for  its  adverse  effect 
on  climatic  conditions,  while  conservation  schemes  may  be  justified,  in 
part  at  least,  because  of  their  value  for  ameliorating  climate.  Those 
who  have  studied  the  matter  carefully  believe  that  such  an  attitude 
should  not  be  entertained  in  a  study  of  conservation. 

Mr.  Main  states  "It  is  an  axiom  of  climatology  that  the  ratio 
of  water  to  land  has  an  important  effect  on  climate.  The  natural 
corollary  is  that  an  acre  of  water  or  marsh,  in  a  semi-arid  region,  must 
be  more  valuable  than  an  acre  of  high  class  wheat  land."  This  is  quite  a 
sweeping  statement  which  should  not  be  accepted  unless  clearly  sup- 
ported by  the  opinions  of  outstanding  climatologists  or  from  evidence 
from  actual  conditions.  We  do  agree  that  climatologists  dwell  on  the 
importance  of  the  ratio  of  land  to  water  in  as  far  as  great  land  masses 
and  oceans  are  concerned.  Mr.  C.  E.  P.  Brooks*  refers  to  the  effect 
of  land  masses  as  "continentality"  and  all  writers  on  climatology  refer 
to  the  inland  type  of  climate  as  "continental."  Some  writers  do  refer 
to  the  effect  of  large  bodies  of  water  but  the  outstanding  works  on 
meteorology  and  climatology  do  not  support  Mr.  Main's  statement. 
Ocean  currents,  prevailing  winds  and  mountain  ranges  are  shown  to 
be  factors  which  far  overshadow  other  local  conditions.  Mr.  A.  E.  M. 
Geddest  writes  "the  chief  factor  in  determining  the  distribution  of 
precipitation  and  also  of  humidity  is  the  prevailing  wind  system." 

*  Engineer  of  Water  Service,  Canadian  Pacific  Railway  Company, 
Winnipeg. 

*  Division  Engineer,  Canadian  National  Railways,  Regina,  Sask. 

*  "Climate  Through  the  Ages." 
t  "Meteorology,"  page  380. 


A  study  of  actual  climatic  conditions  supports  this  stand.  In 
Florida,  a  peninsula  projecting  into  the  Atlantic,  humid  conditions 
prevail  with  annual  precipitation  of  50  to  75  inches.  In  the  same 
latitude  on  the  other  side  of  the  continent,  the  peninsula  of  Lower 
California  projecting  into  the  Pacific  has  an  annual  precipitation  of 
10  to  25  inches  and  near  desert  conditions. 

It  is  certain  that  our  prairie  aridity  is  due  primarily  to  the  presence 
of  the  moimtains  and  the  prevailing  westerly  winds.  Conditions  which 
bring  about  the  precipitation  of  the  moisture  in  the  air,  seem  to  be 
more  important  to  us  than  the  conditions  which  put  the  moisture  there. 
This  is  shown  by  the  way  precipitation  is  increased  by  hills,  where  in 
some  cases  it  is  75  per  cent  greater  than  on  surrounding  prairie. 

To  make  clearer  the  natural  conditions  of  our  sloughs  and  lakes, 
the  behaviour  of  one  large  slough  under  observation  will  be  described. 
When  the  G.T.P.  railway  line  from  Regina  to  Northgate  was  constructed 
in  1912,  it  passed  through  what  was  described  as  a  "dry  lake  bottom" 
near  Lampman.  In  1916  this  slough  or  marsh  partly  filled  but  the 
water  was  not  retained.  It  was  dry  again  until  1922  when  water  began 
accumulating.  The  areas  and  depth  increased  until  1927,  the  maximum 
water  surface  being  an  irregular  area  of  about  3,000  acres.  It  was 
necessary  to  raise  the  railway  grade  considerably  and  place  riprap, 
while  some  highways  were  abandoned.  The  water  began  to  recede 
rapidly  in  1928;  the  entire  area  was  dry  again  before  the  end  of  1930, 
and  has  remained  dry  since  that  time.  Drainage  or  other  artificial 
factors  had  nothing  to  do  with  the  disappearance  of  the  water  from 
this  slough. 

This  sort  of  behaviour  is  typical  of  thousands  of  sloughs  and 
marshes  of  various  sizes  and  many  lakes.  The  lakes  containing  con- 
siderable deep  water  are  not  so  greatly  affected  and  the  larger  ones 
do  not  disappear  entirely. 

It  is  the  writer's  conviction  that  the  drainage  of  such  areas,  where 
local  benefits  justify,  does  no  harm  to  the  country  in  general,  and  that 
the  forming  of  additional  water  surfaces  of  this  kind  will  not  be  of 
general  value.  The  natural  slough  or  lake  usually  forms  in  a  wide 
shallow  depression  of  saucer  shape  and  an  attempt  should  be  made 
to  substitute  reservoirs  of  "cup"  shape.  This  will  mean  less  water 
surface  during  wet  years,  but  reservoirs  which  will  stand  the  drought 
periods. 

Even  from  the  standpoint  of  providing  dependable  breeding 
groimds  and  resting  places  for  water  birds,  one  may  be  justified  in 
draining  some  areas  while  at  the  same  time  constructing  artificial  lakes 
or  ponds.  For  both  drainage  and  storage,  one  need  not  consider  effect 
on  climate  but  each  proposal  should  be  judged  upon  basis  of  direct 
and  tangible  benefit. 

Surface  water  conservation  projects  may  be  divided  into  three 
general  groups:  First,  the  small  units  on  local  streams,  such  as  private 
and  municipal  reservoirs.  Second,  larger  units  on  local  streams  such 
as  the  Buffalo  Lake  and  Souris  river  schemes.  Third,  the  still  larger 
schemes  dealing  with  the  diversion  of  water  from  the  Saskatchewan 
river. 

Mr.  Main's  recommendations  in  his  paper  deal  with  the  second 
and  third  classes,  but  at  other  times  he  has  shown  the  possibilities  of 
the  first  class.  His  mention  of  the  inferior  standard  of  living  of  rural 
populations  should  also  be  noted,  the  need  for  water  for  all  citizens 
and  the  desirability  of  providing  work  in  rural  areas,  all  point  to  the 
local  units  as  the  ts^je  of  work  which  should  be  given  preference. 
Provincial  and  Dominion  legislation  controlling  water  stipulates  that 
domestic  requirements  which  include  water  for  farm  stock,  are  to  be 
considered  first  in  allotting  waters  and  the  justice  of  such  a  provision 
is  self-evident.  This  too  would  indicate  that  the  small  unit  develop- 
ment for  use  of  local  waters  must  be  given  first  place.  Prior  use  is, 
and  should  be,  a  claim  recognized  and  the  supply  of  water  for  those 
lakes  which  are  now  improved  and  in  use  should  not  be  restricted 
because  of  the  development  of  other  projects  imless  the  purpose  for 
which  the  water  is  to  be  diverted  is  much  more  important. 

In  regard  to  cost,  it  should  be  remembered  that  labour  should  be 
employed  on  those  undertakings  which  will  be  of  greatest  value  to  the 
country.  If  the  situation  is  carefully  studied  with  the  foregoing  prin- 
ciples in  mind,  it  will  be  foxmd  that  efforts  should  be  confined  chiefly 
to  the  small  unit  programme,  that  many  of  Mr.  Main's  larger  proposals 
are  not  feasible  and  that  work  on  others  must  be  deferred  for  many 
years. 

E.  M.  Proctor,  m.e.i.c' 

S.  G.  Harding,  Professor  of  Engineering  in  the  University  of 
California  states*  three  things  which  have  a  bearing  on  this  subject 
and  may  be  summarized  as  follows:  First,  within  tne  last  thirty  to 
sixty  years  the  Great  Salt  Lake  area  in  Utah  has  apparently  experienced 
the  most  moist  period  of  the  last  three  hundred  years.  Second,  the 
last  one  hundred  years  has  been  continuously  more  moist  than  the 
preceding  one  hundred  years.    Third,  the  period  of  deficient  water 


•  President,  James,  Proctor  and  Redfern  Ltd.,  consulting  engineers, 
Toronto. 

*  The  Civil  Engineer,  February  1935. 
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supply  since  1917  has  not  resulted  in  as  great  an  accumulated  deficiency 
as  in  the  past. 

This  may  indicate  that  possibly  conditions  in  Canada  may  still 
become  worse. 
C.  H.  Attwood,  a.m.e.i.c' 

Premier  Bracken  has  taken  a  keen  interest  in  the  drought  problem. 
In  fact,  he  has  stated*  that  "The  spectacle  of  shortage  of  food  in  large 
farming  areas,  and  the  necessity  of  shipping  livestock  away  from 
hitherto  prosperous  and  productive  communities,  and  of  shipping  in 
thousands  of  carloads  of  feed  for  animals  and  scores  of  carloads  of 
food  for  human  consumption,  in  order  to  prevent  widespread  distress 
and  abandonment  of  land  on  a  wholesale  scale — this  spectacle  is  not  a 
pleasant  one  to  contemplate,  and  one  that  you  and  I  and  two  million 
others  on  these  plains  must  try  as  far  as  possible  to  prevent  in 
future."  .... 

"If  we  are  not  to  witness  similar  distress  at  recurring  periods  in 
the  future,  we  must  pool  our  brains  and  our  experience,  and  in  the 
light  of  past  history,  formulate  such  policies  and  execute  such  plans 
as  will  adequately  meet  the  contingencies,  which  are  sure  to  arise 
occasionally  in  the  future,  just  as  they  have  in  the  past."  .... 

"Is  it  better,  as  some  have  said,  to  let  time  and  economic  conditions 
determine  the  future  of  these  areas  at  whatever  price  in  abandoned 
farms  and  disappointed  human  lives  ?  Or  can  we  rehabilitate  the  vast 
areas  now  temporarily  in  a  state  of  partial  desert?  Can  we  prevent 
a  recurrence  of  these  conditions?  Can  we  avoid  the  still  further  en- 
croachment of  the  drought  area  upon  adjoining  lands  ? 

"These  are  vital  questions  which  challenge  the  practical  wisdom 
of  this  generation.  They  are  a  challenge  to  our  scientific  skill,  to  our 
statecraft  and  to  our  administrative  ability.  They  are  a  challenge 
to  you  and  to  me  and  to  half  a  million  others  directly  affected  in  these 
areas." 

Mr.  Bracken  says  further:  "That  in  approaching  such  a  problem, 
it  is  essential  first  to  discover  the  basic  facts.  Unless  this  is  done, 
faulty  conclusions  are  sure  to  be  drawn  from  wrong  premises.  Opinions 
and  hopes  are  a  poor  foundation  upon  which  to  build  a  structure 
expected  to  stand  the  storms  and  vicissitudes  of  a  dry  and  somewhat 
variable  climate." 

He  also  observed  that:  "In  my  judgment  some  of  our  forestry 
policies,  some  of  our  drainage  practices,  and  some  of  our  soil  manage- 
ment and  cropping  methods  need  reconsideration  and  redirection  in 
the  light  of  the  apparently  increased  danger  of  drought. 

"We  have  been  cutting  trees  and  burning  forest;  we  must  plant 
trees  and  protect  the  forests.  We  have  over-drained  some  of  our  lands; 
we  must  commence  to  regulate  and  maintain  the  water  table  rather 
than  to  lower  it  further.  We  have  tilled  some  of  our  virgin  soils  until 
we  have  injured  their  texture;  we  must  modify  our  tillage  methods 
now,  having  their  altered  condition  in  mind.  We  have  ploughed  some 
soils  that  should  never  have  been  broken;  we  must  correct  that  error 
and  prevent  as  far  as  possible  its  repetition." 

In  dealing  with  this  it  is  suggested  that:  "The  reclamation  pro- 
gramme should  provide  for  a  thorough  survey  of  the  area  affected  or 
likely  to  be  affected.  Such  a  survey  should  include  a  soil  survey,  a 
topographical  survey,  a  survey  of  the  native  vegetation,  a  survey  of 
the  precipitation,  temperature  and  other  climatic  records,  and  a  review 
of  the  record  of  agricultural  production.  The  report  should  be  ac- 
companied by  specific  recommendations  regarding  agricultural  produc- 
tion plans  for  each  separate  soil  zone. 

"The  reclamation  programme  should  also  provide  for  the  creation 
of  forest  or  grass  land  reserves  on  any  obviously  inferior  land  areas; 
it  should  provide  for  tree  planting  for  protective  purposes  on  the  open 
land;  it  should  provide  for  the  construction  of  dams  in  streams,  wherever 
economically  feasible,  and  it  should  provide  for  the  construction  of 
dugouts  for  water  storage  purposes  on  lands  where  stream  water  is 
not  available  and  where  well  water  is  not  obtainable  or  is  for  any 
reason  unsuitable.  It  should  provide  for  an  intensive  programme  of 
education  on  the  best  methods  of  soil  management  and  crop  production 
in  areas  of  low  precipitation  and  where  the  soil  is  likely  to  drift.  It 
should  emphasize  the  necessity  of  saving  the  run-off  water  and  of 
lessening  evaporation  and  wind  velocity." 

This  is  a  problem  that  needs  very  careful  study  by  all  scientific 
men — scientific  agriculturists,  physicists,  and  so  on,  gathering  together 
the  knowledge  that  is  available  from  these  sources,  and  that  you  may 
make  an  historical  review  of  the  droughts  that  have  occurred  in  the 
past  ages.  Having  made  this  study  of  all  the  facts  that  can  be  ob- 
tained, having  analyzed  all  the  information,  then  decide  on  what  the 
plan  should  be  and  what  the  programme  should  be  for  the  reclamation 
or  protection  of  the  drought  area.  When  the  plan  is  made  it  is  then 
time  to  start  on  the  work  and  as  the  work  is  done,  each  piece  becomes 
a  unit  of  the  final  completed  scheme. 
John  Patterson* 

From  some  of  the  remarks  that  have  been  made  it  would  appear 
as  if  there  is  an  idea  that  the  proposed  conservation  methods  will 


^  Deputy  Minister  of  Mines  and  Natural  Resources,  Province  of 
Manitoba,  Winnipeg,  Man. 

*  Director,  Meteorological  Service  of  Canada,  Toronto,  Ont. 

*  In  an  address  to  the  Canadian  Club  in  Winnipeg,  October  24th, 
1934. 


affect  the  climate  of  the  province  or  country.  It  may  be  well  to  point 
out  therefore,  that  the  climate  in  any  place  or  region  is  made  up  of 
the  average  weather  conditions  that  prevail  from  day  to  day  or  even 
from  hour  to  hour.  The  weather  at  any  particular  time  and  place  is 
dependent  upon  the  operation  of  world  wide  forces,  and  consequently 
it  would  be  impossible  to  change  the  climate  of  the  place  by  any  con- 
servation methods  that  might  be  adopted. 

With  regard  to  the  creating  of  reservoirs  and  dams,  etc.,  for  the 
storing  of  waters,  it  would  appear  from  the  paper  deahng  with  the 
mineral  salts  contained  in  the  water  that  there  might  be  a  concentra- 
tion of  salt  sufficient  to  render  the  stored  water  unfit  for  use.  Possibly 
this  is  not  a  problem  in  the  areas  involved,  but  at  the  same  time  it  is 
one  that  should  be  carefully  examined  before  the  reservoirs  or  dams 
are  constructed. 

Mr.  Main  in  his  address  pointed  out  that  there  was  a  gradual 
increase  of  temperature  in  certain  places  in  the  west.  This  however 
is  not  only  characteristic  of  the  west,  but  has  been  noticed  in  eastern 
Canada  and  in  many  other  places.  It  seems  to  be  a  world  wide  move- 
ment, and  there  is  no  doubt  that  in  other  regions  the  reverse  is  taking 
place.  The  mean  temperature  over  the  world  is  probably  very  constant 
and  these  fluctuations  at  different  places  will  in  the  end  balance  out. 

T.  C.  Main,  a.m.e.i.c* 

The  large  amount  of  discussion  of  this  paper  is  believed  by  the 
author  to  indicate  the  tremendous  interest  taken  in  this  serious  national 
problem.  This  is  a  source  of  satisfaction  as  the  chief  object  of  his 
paper  was  not  the  solution  of  a  problem  forthwith,  but  rather  to 
stimulate  interest,  study  and  discussion  so  that  in  time  a  satisfactory 
formula  might  be  found. 

Adverse  criticism  in  general  may  be  summed  up  under  two  heads, 
i.e.  (1)  Denial  that  conservation  of  water  and  planting  of  trees  and 
hedges  will  have  any  effect  on  chmate,  and  (2)  Belief  that  we  cannot 
afford  to  carry  out  some  of  the  larger  projects  suggested. 

Regarding  the  first,  it  must  be  stated  that  there  was  no  intention 
of  suggesting  that  conserving  water  and  planting  trees  and  hedges 
would  have  any  considerable  effect  on  the  general  climate  of  the 
country.  There  is  plenty  of  evidence,  however,  to  show  that  water, 
trees  and  hedges  do  have  a  marked  and  beneficial  effect  on  plant  life 
within  a  comparatively  narrow  radius  of  influence  and  therefcre  must 
effect  the  microclimate  with  which  plant  life  is  so  intimately  associated. 
In  the  case  of  trees  and  hedges  (and  particularly  the  latter)  this  is  due 
first  to  a  reduction  in  wind  velocity  to  a  distance  of  approximately  20 
times  the  height  of  the  hedge  on  the  lea  side  and  5  times  the  height 
on  the  windward  side.  With  a  reduction  in  wind  velocity  comes  a 
reduction  of  evaporation  and  hence  more  moisture  for  the  growing 
crop.  In  addition  of  course  some  snow  is  trapped  during  the  winter 
and  this  again  means  more  moisture  and  heavier  yields. 

In  the  case  of  water  areas,  vegetation  is  benefited  by  the  main- 
tenance of  a  higher  water  table  thus  making  moisture  available  to  plant 
life  around  the  perimeter  of  lake  or  reservoir.  The  chief  reason  for 
impounding  water  of  course  is  for  the  more  obvious  reasons  given  in 
the  paper  itself. 

Regarding  the  second  major  criticism,  i.e.,  the  economic  problem 
involved  in  the  construction  of  some  of  the  larger  proposals,  it  is 
admitted  that  some  of  these  projects  cannot  be  justified  by  our  present 
economic  theories.  It  is  perfectly  evident,  however,  that  these  theories 
at  the  moment  are  being  subjected  to  the  most  critical  inspection  they 
have  ever  undergone.  It  seems  probable  that  the  apparently  static 
quality  of  the  current  depression  primarily  is  due  to  the  fact  that 
problems  are  considered  chiefly  from  the  financial  point  cf  view.  In 
the  present  case  the  fact  that  sufficient  men-days  have  been  wasted 
during  the  past  five  years  to  complete  all  the  projects  involved  seems 
to  be  entirely  ignored,  and  it  would  seem  to  be  of  primary  importance. 

It  seems  probable  that  eventually  a  system  will  be  evolved  whereby 
only  two  criteria  will  decide  whether  a  given  project  should  be  con- 
structed or  not,  i.e.  (1)  Will  the  proposed  works  be  of  sufficient  social 
benefit?  and  (2)  Is  there  sufficient  surplus  labour  available  to  insure 
completion  of  the  project?  If  the  answer  to  both  of  these  questions 
is  in  the  affirmative  the  project  will  be  constructed. 

This  philosophy  appears  to  be  the  only  justification  for  many  of 
the  larger  projects  under  construction  in  the  United  States  at  the 
present  time.  Judged  by  our  current  economic  theories  many  of  these 
projects  are  shown  to  be  unsound*  and  therefore  should  not  be  seriously 
considered.  Surely  it  is  far  more  unsound  to  have  millions  of  able- 
bodied  man,  willing  and  anxious  to  work,  on  the  relief  rolls  ?  It  would 
seem  that  this  is  another  national  problem  that  might  be  studied  by 
the  members  of  our  profession  with  benefit  to  our  country  and  our- 
selves. 

Again,  the  chief  reason  for  suggesting  a  large  number  of  projects 
was  not  the  desire  that  they  should  be  undertaken  forthwith,  but 
rather  the  hope  of  stimulating  interest  in  water  conservation  in  general, 
to  the  end  that  our  water  resources  might  be  thoroughly  studied  and 
plans  evolved  for  scientific  conservation  and  use  of  our  second  most 
important  natural  resource. 


»  Assistant  Engineer,  Water  Supply,  Canadian  National  Railways, 
Winnipeg,  Man. 

*  Engineering  News  Record,  November  29th,  1934. 
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F.  K.  Beach,  a.m.e.i.c." 

Mr.  Main  has  presented  the  results  of  careful  study  and  research 
in  his  Figs.  3  and  4.  It  is  news  to  many  and  to  the  writer  that  there 
has  been  a  progressive  and  long  time  increase  in  mean  temperature. 
The  general  agreement  among  numerous  widely  separated  stations  is 
too  consistent  to  be  attributable  to  local  vagaries,  while  the  consistently 
increasing  curve  rather  washes  out  speculations  as  to  mutual  effects 
between  temperature  and  evaporation. 

Whether  there  has  actually  been  a  20  per  cent  increase  in  evapora- 
tion concurrent  with  a  4-degree  rise  in  annual  mean  temperature  is 
somewhat  problematic  considering  how  closely  evaporation  is  tied  in 
with  per  cent  humidity  of  the  air  and  freedom  of  movement  of  air  over 
a  surface  of  evaporation.  Some  years  ago  the  writer  made  a  study  of 
an  irrigation  reservoir,  measuring  all  water  passing  in  and  out  during 
the  season,  collecting  rainfall  records  and  carefully  estimating  natural 
inflow,  and  making  an  allowance  for  evaporation  based  on  an  experi- 
mental evaporation  pan  a  few  miles  distant.  In  the  course  of  the  enquiry 
into  evaporation  data,  it  was  found  that  records  were  being  obtained 
in  a  second  pan  not  far  distant,  but  the  records  were  not  at  all  com- 
parable. Temperatures  and  air  humidity  were  quite  comparable,  but 
at  the  second  pan  a  shelter  belt  of  trees  had  grown  up  and  over  a 
period  of  four  or  five  years  this  tree  growth  had  most  strikingly  decreased 
the  evaporation  rate.  Since  over  most  of  the  prairie  where  drought  has 
become  an  increasingly  serious  problem  there  has  been  no  general  in- 
crease in  magnitude  of  windbreaks,  one  is  inclined  to  put  considerable 
weight  on  the  progressive  increase  in  temperature  as  a  contributing 
factor  in  drought  conditions,  and  this  fact  finding  is  distinctly  to  Mr. 
Main's  credit. 

Respecting  the  plotted  relation  between  sun  spot  numbers  and 
run-off,  the  writer  is  interested  but  doubtful  as  to  the  acceptance  of 
any  easily  formulated  relation  applicable  to  the  prairies  in  general. 
It  might  be  suggested  that  it  was  merely  a  chance  that  the  Red  river 
at  Emerson  was  selected  for  comparison,  for  if  any  stream  rising  in 
the  Rocky  Mouatains  and  flowing  eastward  had  been  chosen,  the  picture 
would  have  been  different.  To  quote  only  one  year,  1915  was  just  an 
average  run-off  year  in  Red  river,  but  it  was  a  maximum  year  in  all  the 
mountain  tributaries  of  the  Saskatchewan  river.  The  rainfall  was 
heavy  eastward  as  well,  and  numerous  fields  produced  65  bushels  of 
wheat  per  acre  around  Swift  Current,  Vanguard  and  Gull  Lake.  The 
prairie  farmer  would  very  much  like  to  know  before  seeding  time 
whether  rainfall  is  likely  to  be  adequate  for  a  crop.  If  there  is  any 
way  of  foretelling  this,  by  all  means  let  us  have  it,  but  it  is  to  be  feared 
that  this  is  not  possible.  That  there  may  be  a  relation  for  various 
localities  between  sim  spot  number  and  rainfall  is  just  possible.  In 
connection  with  both  relations  shown,  that  is,  progressive  temperature 
change  and  sun  spots,  it  is  of  interest  to  note  a  publication  by  the 
United  States  Geological  Survey.* 

Varves  are  deposits  of  mud  laid  down  in  still  water  which  by 
alternations  of  colour  indicate  spring  freshets  and  summer  inflow  and 
thus  become  analogous  to  annual  rings  of  tree  growth.  Since  the 
thickness  of  each  layer  is  proportional  to  run -off,  they  give  a  long  time 
record  of  inflow  to  the  lake  where  they  were  laid  down.  This  author 
in  studying  the  Green  river  formation  of  Colorado,  Wyoming  and 
Utah,  found  three  cycles  of  run-off  suggested.  One  cycle  appears  to 
have  the  frequency  of  sun  spot  numbers,  but  the  interval  between 
maxima  varies  from  seven  to  seventeen  years.  A  second  cycle  appears 
to  have  a  frequency  of  about  fifty  years,  while  a  third  cycle  corresponds 
with  the  precession  of  the  equinoxes  or  about  twenty-one  thousand,  six 
hundred  years. 

Under  the  heading  "Utilization  of  Water"  Mr.  Main  suggests  "an 
ideal  arrangement  would  be  to  provide  water  under  pressure"  at  in- 
tervals of  two  miles,  and  contemplates  such  water  in  quantities  sufficient 
to  irrigate  15  to  25  acres  per  quarter  section,  as  well  as  for  other  domestic 
purposes.  That  picture  might  well  have  been  amplified  as  for  the 
Riverhurst  proposal  alone  this  would  call  for  steel  pipe  on  the  order 
of  half  a  million  tons.  With  this  business  in  sight  one  could  possibly 
have  a  steel  industry  in  western  Canada.  Think  of  the  men  that  would 
be  put  to  work  in  British  Columbia  mining  and  smelting  camps,  in 
Alberta  and  British  Columbia  coal  mines,  in  railway  train  service. 
Clothing — overalls,  boots  and  gloves — would  boost  eastern  Canada's 
factory  output,  and  how  many  others  would  indirectly  benefit. 

But who  pays  for  all  this  programme?    It  is  only  when  the 

economics  of  the  proposal  are  reached  that  difficulties  are  encountered. 
In  Alberta  when  wheat  was  worth  $1.50  a  bushel,  it  was  known  that 
the  farmer  could  not  afford  to  irrigate  wheat.  When  other  prices 
were  on  a  par  with  .|1.50  wheat,  the  irrigation  farmer  was  hard  put  to 
it  to  find  $100  a  year  for  water  rights  on  40  acres.  Can  a  farmer  on 
a  quarter  section  with  15  to  25  acres  of  hay  watered  be  expected  to 
find  any  more  than  $100  or  $200  a  year  for  water?  In  one  irrigation 
scheme  in  Alberta  where  there  was  no  extraordinary  engineering 
structure  to  build  up  the  cost,  where  the  water  is  carried  in  earthen 
canals  cheaply  and  quickly  to  the  user,  where  soil  conditicms  and  climate 


*"  Petroleum  Engineer,  Petroleum  and  Natural  Gas  Division, 
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are  as  favourable  as  can  be  foimd  in  the  Canadian  prairies,  capital 
charges  have  all  come  from  public  revenue. 

The  psychological  factor  cannot  be  ignored.  An  irrigation  scheme 
is  not  expected  to  yield  a  profit.  Therefore  its  bonds  will  not  be  pur- 
chased by  a  person  who  has  savings  on  which  he  wants  interest  with 
security.  If  the  scheme  is  larger  than  a  very  small  project,  it  must 
be  financed  from  public  credit,  and  once  it  is  so  financed  the  water 
users  organize  themselves  to  resist  paying.  Where  a  bank  or  mortgage 
company  would  evict  and  put  in  a  new  tenant,  the  water  users  make 
a  political  issue  of  all  efforts  to  collect.  With  this  general  premise, 
it  is  therefore  suggested  that  before  recommending  so  large  a  scheme 
as  the  Riverhurst  proposal,  or  the  William  Pearce  project,  it  should  be 
suggested  to  the  sponsors  that  they  must  expect  to  supply  all  the 
capital  cost  without  hope  of  repayment,  that  they  be  prepared  to 
maintain  and  operate  the  scheme  in  perpetuity  without  ever  recover- 
ing more  than  a  fraction  of  the  cost  of  operation,  and  in  all  probability 
they  may  be  called  on  to  subsidize  crops  raised  by  the  water  supplied. 

The  writer  feels  that  it  is  hardly  fair  to  ask  the  farmer  in  humid 
parts  of  Canada  to  subsidize  the  drought  areas  to  compete  with  him, 
and  if  the  farmer  in  humid  areas  is  not  to  contribute,  many  other 
classes  dependent  on  him  must  be  exempt.  If  it  was  certain  that  by 
constructing  vast  water  supply  systems  lasting  prosperity  might  be 
brought  to  the  whole  of  Canada,  a  demand  could  be  made  that  the 
farmer  of  humid  districts  and  those  dependent  on  him  waive  their 
objections  to  such  subsidizing  of  the  drought  areas.  Major  Duncan 
Stuart,  K.C.,  of  Calgary,  in  a  recent  pamphlet*,  shows  that  Persepolis 
was  built  in  a  steppe  resembling  our  Canadian  prairie,  and  that  pul- 
verization of  the  soil  from  farming  operations  coupled  with  a  rainfall 
that  could  not  be  depended  on,  ended  in  shifting  dunes  and  total 
desert.  If  the  financial  support  of  the  Ontario  farmer  is  demanded 
to  pipe  water  widely  over  drought  areas,  or  to  lead  it  in  canals,  and  then 
it  is  found  that  soil  drifting  has  merely  been  invited,  have  engineers 
been  true  to  their  creed  ? 

If  wholesale  reclamation  is  condemned,  what  can  be  recommended  ? 
The  answer  is  not  simple.  No  one  answer  can  be  given  offhand.  It 
does  seem  certain,  however,  that  the  desert  or  semi-desert  of  our 
drought  areas  must  call  for  a  culture  of  living  as  well  as  a  culture  of 
land  which  differs  from  the  habits  of  humid  areas.  The  wheat  farmer 
expected  to  work  sixty  days  in  the  year.  That  is  out.  Much  of  the 
drought  area  must  go  back  to  grass  and  grazing.  Small  reservoirs 
easily  constructed  from  simple  labour  can  be  developed.  In  Alberta 
considerable  progress  is  already  under  way  along  both  these  lines. 
Control  of  water  well  driUing  and  a  kindly,  scientific  guidance  in  the 
individual  efforts  of  the  inhabitants  who  choose  to  remain,  will  help 
to  develop  ground  water  supplies  where  they  are  available,  and  prevent 
to  some  extent  any  over  exploitation  of  this  valuable  resource,  or  its 
contamination  or  dissipation  from  bad  drilhng  practices.  Permanent 
retention  of  geological  personnel  and  co-ordinated  records  of  water 
wells  would  not  be  costly  and  Mr.  W.  Calder  has  made  a  suggestion 
along  this  line. 

To  summarize,  the  mean  annual  temperature  has  been  increasing 
over  a  cycle  greater  than  the  cycle  of  sun  spot  numbers.  Possibly 
it  is  on  the  turn  and  may  be  a  50-year  cycle  that  will  in  a  few  years 
decrease  natural  evaporation  to  a  point  where  crops  can  again  be  raised, 
but  this  is  not  definitely  known  as  yet.  Wholesale  reclamation  is  bad 
from  a  psychological  standpoint,  and  probably  bad  from  a  soil  drifting 
standpoint.  Small  reservoirs  to  delay  run-off  and  thus  encourage 
retention  of  moisture  in  the  air  can  properly  be  sponsored  but  they 
should  be  done  by  local  effort.  Well  driUing  should  be  supervised  and 
guided  by  geological  advice  and  records.  Much  of  the  drought  area 
must  go  back  to  grazing,  and  those  who  remain  on  the  land  must 
adopt  a  culture  suited  to  the  climate  in  which  they  five.  Those  who 
demand  a  higher  standard  of  living  than  the  climate  will  support  should 
go  to  a  climate  that  will  support  the  standards  they  set  for  themselves. 

F.  W.  Caldwell,  m.e.i.c.** 

Premier  Bracken's  views  as  described  to  the  meeting  must  com- 
mand attention  of  all  members  of  The  Institute  and  economists  and 
physicists.  Here  is  a  great  opportunity  for  engineering  activities  in 
planning  for  the  future  of  the  prairie  provinces.  To  set  out  all  their 
natural  resources  is  to  plan  for  all  Canada.  Now  in  the  United  States 
there  are  forty-one  State  Planning  Boards,  besides  two  Regional 
Planning  Boards,  one  of  the  latter  being  the  Mississippi  VaUey  Com- 
mittee. Preliminary  plans  for  a  state  may  cost  from  $50,000  to  $75,000 
at  the  present  time.  This  small  amount  of  money  will  be  made  up  by 
the  saving  of  a  few  farms  from  bankruptcy  or  even  be  disposed  of 
in  the  water  supply  of  only  one  small  town.  These  boards  plan  for 
the  economic  whole  of  a  province  or  district  and  not  only  for  water 
or  weather.     The  entire  natural  resources  are  considered. 

In  the  report  of  the  Mississippi  Valley  Committee  of  the  Public 
Works  Administration,  information  is  found  as  to  the  lowering  of 
ground  water  from  10  to  20  feet  in  North  and  South  Dakota  and  special 
comments  on  artesian  well  laws.  Areas  of  the  Hudson  Bay  basin  below 
the  international  boundary  are  shown  in  social  and  economic  status 
as  well  as  in  water  supply  classification.    This  report  states  the  Red 
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river  of  the  north  valley  is  from  30  to  50  miles  wide  on  either  side  of 
the  river  (referring  of  course  to  the  portion  in  the  United  States). 
The  valley  is  a  flat  surface  of  alluvial  soil  left  in  the  basin  of  geological 
lake  Agassiz.  The  mean  annual  precipitation  is  20  inches.  A  land 
use  plan  must  consider  this  valley  subject  to  the  humidity  of  the  east 
and  the  aridity  of  the  west.  The  problem  is  to  adjust  the  most  favour- 
able relation  of  factors  included  in  this  climatic  area. 

The  Red  river  receives  waste  from  Wahpeton,  Fargo,  Morehead, 
Grand  Forks  and  lesser  cities.  At  Grand  Forks,  with  a  drainage  area 
of  25,000  square  miles,  it  reaches  a  volume  of  43,000  cubic  feet  per 
second  or  about  one  tenth  the  flood  flow  of  that  of  our  eastern  streams 
with  the  same  watershed  area,  but  in  October  1932,  the  flow  was  only 
13  cubic  feet  per  second  and  it  became  an  open  sewer.  In  the  winter 
it  freezes  to  the  bottom.  A  careful  balance  between  uses  of  surface 
water,  underground  water,  and  drainage  must  be  maintained.  This 
river  is,  of  course,  in  the  eastern  edge  of  the  dry  climate  section,  but 
it  is  also  important  on  account  of  having  such  large  portions  of  its 
basin  both  above  and  below  the  boundary  line  between  the  two  coun- 
tries. 

The  assembling  of  maps  of  the  entire  arid  area,  all  drawn  to  one 
scale  so  they  can  be  readily  superimposed  for  study,  would  be  a  pro- 
gressive step.  In  Mr.  Main's  paper  are  two  maps  and  in  Messrs.  Perry 
and  Johnson's  one  each.  It  is  to  be  hoped  that  more  information  can 
be  collected  and  presented  at  future  meetings  of  The  Institute  on  this 
important  subject,  which  is  really  basic  to  the  planning  of  a  very  large 
portion  of  Canada's  future. 

E.  F.  Chandler" 

An  enthusiastic  desire  to  endorse  almost  every  statement  in  the 
paper  by  Mr.  P.  C.  Perry  is  aroused  in  the  study  of  it  by  anyone  who, 
like  the  writer,  has  had  for  thirty-two  years  detailed  continuous  knowl- 
edge of  the  behaviour  of  all  the  typical  surface  streams  in  the  region 
adjoining  on  the  southeast,  the  entire  state  of  North  Dakota  and 
considerable  surrounding  area.  In  this  district  many  of  the  rivers 
have  conditions  similar  to  the  district  described  in  Manitoba,  Sas- 
katchewan and  Alberta;  and  one  river  station  in  particular,  maintained 
for  more  than  thirty  years  at  Minot,  North  Dakota,  is  on  one  of  the 
streams  listed,  the  Souris  river,  where  it  loops  south  into  North  Dakota. 

If  there  is  no  difference  in  opinion  from  the  statements  made  by 
the  author,  perhaps  it  is  superflous  to  discuss  them.  But  mention 
may  be  made  of  the  excellent  agreements  in  our  figures.  In  North 
Dakota,  a  prairie  region  where  the  average  annual  precipitation  is 
about  20  inches  at  the  eastern  end  and  15  inches  at  the  western  end, 
the  long  extended  records  have  shown  for  all  the  streams  rising  within 
the  state  average  annual  run-off  of  less  than  one  inch,  and  for  those 
most  closely  resembling  such  Canadian  streams  as  the  Souris  an  annual 
run-off  from  a  quarter  inch  to  a  half  inch. 

For  the  ordinary  gross  evaporation  to  be  expected  from  average 
lake  or  reservoir  surface,  the  writer's  own  figures  are  33  inches  for 
each  twelve-month  period.  For  evaporation  and  vegetal-transpiration 
from  land  surface  in  this  region,  20  inches  per  year  if  aS  much  as  that 
is  supplied  by  precipitation  and  is  thus  available  giving  "evaporation 
opportunity." 

In  this  region  run-off  cannot  logically  be  considered  as  a  per- 
centage or  fraction  of  the  annual  precipitation;  although  its  amount 
is  so  small  as  in  most  years  to  be  only  between  one  and  five  per  cent 
of  the  rainfall;  but  it  is  really  not  a  fraction  but  a  remainder,  after 
evaporation  has  taken  away  20  inches  or  thereabouts  if  there  was 
opportunity. 

As  rainfall  is  usually  less  than  20  inches,  the  run-off  is  merely  such 
accidental  portion  of  precipitation  as  runs  off  quickly  from  sudden 
storms  before  it  can  be  clutched  by  the  dry  soil  or  taken  by  evaporation, 
or  as  flow  off  in  spring  when  deep  wet  snowdrifts  melt  quickly  or 
when  the  soil  spaces  are  largely  sealed  by  frost,  or  under  other  special 
temporary  conditions.  This  run-off  is  usually  merely  a  very  small 
portion  of  the  local  precipitation,  likely  to  be  almost  inappreciable 
except  in  early  spring.  On  such  streams  in  many  of  the  years  more 
than  half  of  the  total  annual  rim-off  passes  within  two  or  three  weeks 
of  the  spring. 

The  total  amount  depends  therefore  so  much  on  accidental  local 
temporary  conditions  that  it  is  difficult  here  to  set  definite  figures  in 
prediction  of  floods  more  than  a  few  days  in  advance.  Most  predic- 
tions are  merely  rough  guesses. 

The  variation  between  different  years  is  very  great.  For  example, 
on  the  Souris  river  at  Minot  the  total  flow  of  the  worst  flood  year 
recorded,  1904,  was  about  a  hmdred  times  as  much  as  the  total  flow 
for  the  twelve  months  of  1915,  although  1915  was  not  a  so-called 
drought  year;  it  was  merely  a  year  in  which  the  total  rainfall  was 
slightly  deficient  because  it  included  no  heavy  cloudbursts,  but  was 
composed  of  well-separated  gentle  rains  giving  a  reasonably  good 
supply  for  agriculture.  And  in  some  of  the  recent  years  of  extreme 
drought  the  rim-off  has  been  still  smaller. 
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Nevertheless  there  is  some  flow  every  year,  and  in  occasional  years 
a  large  flood.  Hence  such  storage  projects  as  recommended  by  the 
author  are  very  desirable.  The  reservoir  storage  may  be  a  ridiculously 
small  fraction  of  the  total  annual  precipitation,  but  it  can  easily  be  a 
very  considerable  portion  of  the  total  run-off  even  of  a  "flood  year." 
Besides  lessening  to  some  slight  extent  the  danger  of  flood-injuries 
along  the  valleys  below,  such  reservoirs  hold  for  the  general  benefit 
of  the  region  a  part  of  the  run-off  from  one  month  to  the  next  or  one 
year  to  the  next,  into  the  dry  seasons,  providing  a  permanent  supply 
that  is  in  many  ways  very  advantageous.  One  of  these  benefits  that 
at  first  thought  often  escapes  attention  is  the  ease  with  which  trees 
can  be  grown  near  such  reservoirs,  totalling  a  very  considerable  acreage 
which  may  add  greatly  to  the  comfort  or  enjoyment  of  life  for  all  in 
the  neighbourhood. 

The  benefits  of  such  reservoirs,  smaller  or  larger,  in  the  prairie 
regions  are  so  many  that  their  construction  ought  to  be  encouraged 
wherever  feasible. 

J.  W.  D.  Fareell,  a.m.e.i.c." 

Mr.  Main's  excellent  paper  should  have  a  tonic  effect  on  the  most 
discouraged  dweller  of  the  southern  prairies,  and  also  put  fresh  energy 
into  those  vigorous  persons  who  are  determined  to  find  ways  of  making 
the  next  drought  less  devastating.  If  the  indicated  improvements  in 
climatic  conditions  materialize,  it  is  to  be  hoped  that  the  almost  certain 
prospect  of  a  return  of  drought  conditions  in  ten  to  twenty  years  will 
not  be  overlooked.  If  an  incentive  to  prepare  against  drought  is 
needed,  the  author  provides  it  in  pointing  out  that  remedial  measures 
are  also  those  needed  to  bring  ordinary  living  conditions  in  rural 
communities  up  to  a  more  tenable  standard. 

The  author's  data  showing  that  climatic  conditions  productive  of 
drought  occur  in  recognizable  though  irregular  periods  are  a  valuable 
featiu-e  of  the  paper.  In  looking  at  drought  conditions  of  the  past 
few  years,  it  must  not  be  overlooked  that  the  climatic  records  snow 
that  periods  of  three  or  four  years  of  low  precipitation  are  separated 
by  much  longer  periods  of  sufficient  moisture,  "rhat  is,  drought  is  the 
exception  and  there  are  now  several  years  in  which  to  adopt  measures 
which  should  greatly  moderate  the  effect  of  the  next  drought.  It 
should  be  particularly  noted  that  Mr.  Main  does  not  claim  that  remedial 
measures  will  change  the  cHmate  but  will  moderate  its  effect.  A  personal 
recollection  of  previous  periods  of  low  precipitation  shows  that  some 
of  the  worst  features  of  the  recent  drought,  such  as  soil  drifting,  were 
absent.  Recovery  was  also  more  rapid.  The  waste  of  surface  water 
combined  with  heavy  cropping  have  undoubtedly  made  the  recent 
drought  far  more  serious  and  prolonged  than  previous  droughts. 

In  attempting  to  discuss  some  features  of  the  paper,  one  is  almost 
irresistibly  drawn  to  the  economic  side  of  the  question  and  not  without 
reason.  In  the  area  affected  there  is  a  capital  investment  of  millions 
of  dollars  represented  by  railways,  elevators,  highways,  telephone  sys- 
tems and  all  the  buildings  and  appurtenances  of  the  cities,  towns, 
villages  and  farms.  In  the  past,  this  area  has  produced  a  great  deal 
of  wealth.  On  the  human  side  there  are  thousands  of  people  living 
in  the  area.  The  economic  and  humanitarian  reasons  for  adopting 
suitable  measures  of  rehabilitation  are  more  than  sufficient.  An  im- 
portant item  in  any  such  measure-  is  certainly  the  conservation  of 
water  resources. 

World  economic  conditions  should  assist  the  plan  for  water  con- 
servation. A  limitation  in  our  exportation  and  therefore  in  our  produc- 
tion of  wheat  is  a  recognized  situation.  Reduced  production  means 
less  acreage  so  that  the  land  needed  for  water  storage  can  be  readily 
yielded.  With  more  water  available  more  livestock  may  be  kept  and 
land  needed  for  pasture  and  fodder  crop  would  further  reduce  the 
wheat  acreage,  and  the  area  subject  to  soil  drifting.  If  the  area  under 
consideration  is  due  for  a  shrinkage  both  in  population  and  production, 
it  will  siu-ely  be  better  that  readjustment  take  place  along  organized 
lines,  retaining  the  occupants  of  lands  that  can  be  reached  by  the 
proposed  improvements  and  assisting  others  to  move. 

Thoseparagraphsof  Mr.  Main's  paper  under  the  heading  "Econom- 
ics of  EehabiHtation"  should  be  particularly  arresting  to  the  attention 
of  taxpayers  and  governing  bodies,  alike.  If  the  present  financial 
system  is  not  capable  of  providing  the  necessary  funds  to  float  useful 
work  projects  to  completion,  then  there  is  need  for  reform.  Money 
and  credit  should  be  recognized  as  a  utility  and  administered  as  a 
government  monopoly. 

Turning  to  the  engineering  features  of  the  paper,  it  is  interesting 
to  note  that  irrigation  is  not  intended  in  the  usual  sense  of  the  word. 
Instead  of  supplying  water  to  field  crops  in  a  large  way  during  the 
growing  season,  the  term  as  Mr.  Main  uses  it,  indicates  the  provision 
of  limited  quantities  of  water  for  some  crops  and  the  year  round  provi- 
sion of  water  for  hiunan  and  animal  consumption.  In  a  country  that 
can  already  produce  more  wheat  than  it  can  sell,  there  would  be  no 
justification  in  an  irrigation  scheme  for  producing  still  more  wheat. 

In  considering  water  conservation  by  the  means  suggested,  mostly 
by  surface  storage,  one  must  beware  of  expecting  too  much.  In 
regulating  spring  flood  conditions  on  a  recognized  water  course,  much 
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tact  and  care  would  be  needed  to  avoid  depriving  the  lower  part  of  a 
water  course  of  what  might  be  considered  its  rightful  supply.  The 
spring  flooding  of  a  hay  flat,  wasteful  though  it  may  be,  could  not  be 
replaced  by  the  gradual  flow  confined  to  the  stream  bed  during  the 
summer. 

Many  of  the  proposed  reservoirs  would  not  survive  a  prolonged 
and  severe  drought  such  as  that  of  1928  to  1931  but  they  would  do 
much  to  better  conditions  between  droughts  and  would  likely  survive 
short  droughts  and  shorten  their  effect.  For  these  reasons  and  for 
the  improvement  to  living  conditions  between  droughts,  they  would 
be  well  worth  while. 

As  an  example,  Wascana  Lake  is  an  artificial  lake,  mostly  in  the 
city  of  Regina;  it  has  an  area  of  some  200  acres  and  is  supplied  by  the 
run-off  from  quite  a  large  watershed.  In  June  of  1928  rain  was  very 
plentiful  and  the  lake  was  full.  In  1931  it  was  necessary  to  conserve 
all  the  inflow  in  the  upper  third  of  the  lake  for  the  benefit  of  the  city 
power  house,  and  by  the  fall  of  1931,  the  lower  two-thirds  of  the  lake 
was  so  nearly  empty  that  the  remaining  water  was  run  out  and  the 
bottom  of  the  lake  was  cleaned  and  deepened.  In  1932,  although 
precipitation  was  above  the  average,  the  lake  was  only  partly  filled 
and  it  was  not  until  the  spring  of  1934  that  the  lake  was  again  full 
to  the  spillway.  During  1929  and  1930,  some  water  was  used  from  the 
lake  for  sprinkling  the  adjoining  parks  but  none  was  available  for  run- 
ning down  stream.  If  there  had  been  any  irrigation  scheme  dependent 
on  this  lake,  water  taken  for  its  purposes  would  have  hastened  the  day 
of  the  lake  being  empty.  During  the  minor  drought  of  1917,  1918, 
and  1919,  Wascana  Lake  did  not  go  dry.  The  experience  of  Wascana 
Lake  during  1928  to  1931  was  duplicated  to  a  less  degree  at  the  Canadian 
National  Railways  reservoir  near  Condie. 

John  C.  Hoyt** 

The  paper  by  Mr.  L.  A.  Jones  on  water  phases  of  our  drought 
relief  programme  indicates  concisely  conditions  in  the  LTnited  States. 
The  indications  are  that  as  droughts  are  liable  to  occur  at  frequent 
intervals,  damages  from  them  can  be  arrested  only  by  adjusting  develop- 
ment, both  as  to  extent  and  character  to  available  water  supplies. 
This  will  require  more  detailed  studies  of  available  supplies  and  of  the 
possibilities  for  their  conservation  and  use.  As  the  disastrous  effects 
of  droughts,  in  the  main,  relate  to  agriculture,  the  problem  will  require 
special  studies  as  to  the  fitness  of  land  areas  to  various  types  of  agricul- 
ture.  In  fact,  it  is  largely  a  land  use  problem. 

D.  A.  R.  McCannel,  m.e.i.c." 

The  extent  of  precipitation  is  not  as  important  as  the  time  of  year 
during  which  it  occurs,  in  so  far  as  its  effect  upon  cereal  crops  is  con- 
cerned. Cereal  crops  have  in  the  past,  and  will  continue  in  the  future, 
to  be  the  main  crop  for  the  prairie  provinces.  Frequent  moderate  rain- 
fall during  the  growing  season^ Jime  and  July — will  provide  for  the 
production  of  a  normal  crop  and  the  benefit  of  such  conditions  were 
borne  out  by  the  bumper  crop  of  1916.  The  increasing  daily  mean 
temperature,  referred  to  by  Mr.  Main,  may  not  seriously  effect  the 
evaporation  of  useful  moisture  for  cereal  crops  provided  the  rise  in 
temperatures  are  experienced  during  the  winter  months,  and  such  is 
largely  the  case.  Under  such  a  condition,  the  increased  rate  of  evapora- 
tion of  21.6  per  cent  may  not  seriously  affect  the  crop  yield. 

Concerning  the  use  of  water — in  the  past  the  tendency  in  farming 
has  been  towards  larger  holdings,  and  with  cereal  crops  remaining  the 
major  product,  this  tendency  will  continue  assisting  the  farmer  to 
combat  low  prices,  by  reducing  his  overhead  and  cost  of  production. 
Such  a  tendency  would  not  appear  to  demand  an  increase  in  the  use 
of  water  by  the  rural  areas. 

Irrigation  will  result  in  intensive  farming  and  would  appear  to  be 
limited  to  restricted  areas  where  the  cost  must  be  comparatively  low. 
The  utilization  of  water  delivered  through  pipes  appears  to  be  prohib- 
ited from  a  cost  standpoint.  With  the  excessive  low  temperatures 
demanding  expensive  construction  to  overcome  liability  for  frost  and 
the  high  cost  of  long  life  pipe,  the  use  of  water  delivered  through  pipes 
would  be  on  a  very  restricted  scale. 

Mr.  Main  has  outlined  the  economics  of  rehabilitation  and  to 
utilize  this  potential  power  to  the  full,  the  writer  would  suggest 
the  first  step  be  towards  conservation  of  water  by  the  construction 
of  a  large  number  of  small  works  or  dams,  which  should  be  located  close 
to  the  potential  power  available,  and  would  be  of  immediate  and  direct 
benefit  to  those  adjacent  to  their  construction.  Engineering  advice 
on  their  location  and  construction  should  be  sought  and  provided. 
Such  local  works  could  be  scattered  throughout  the  drought  area  and 
could  be  undertaken  with  a  minimum  of  time  for  preliminary  work. 
The  large  projects  suggested  for  consideration  have  received  some 
study,  but  many  of  them  are  of  such  magnitude  as  to  demand  con- 
siderable further  detailed  study  of  their  possibilities  and  costs  before 
they  should  be  undertaken.  Those  that  are  found  to  be  advantageous 
will  demand  time  and  expense  for  investigation  and  acquiring  of  proper- 
ty, and  the  time  required  to  get  them  under  way  might  prevent  the 


*♦  Hydraulic  Engineer,  Geological  Survey,  U.S.  Department  of  the 
Interior,  Washington. 

"  City  Engineer,  City  of  Regina,  Sask. 


possibility  of  utilizing  the  potential  power  now  available.  Works 
providing  the  greatest  good  to  the  greatest  number  should  be  a  primary 
consideration,  and  small  projects  which  include  dams  and  reservoir?, 
including  dug-outs,  should  be  the  first  undertaking,  and  would  utilize 
this  potential  power  to  the  be-st  advantage. 

C.  J.  McGavin,  a.m.e.i.c.'* 

There  appears  to  be  a  great  tendency  on  the  part  of  recent  in- 
vestigators to  prove  from  the  estabhshed  eleven-and-a-quarter-year 
cycle  (sim  spot  data)  the  effectiveness  of  this  cycle  in  relation  to  ter- 
restrial phenomena. 

The  writer  made  a  study  of  comparison  of  run-off  and  precipitation 
records  for  seven  stations,  viz.:  Winnipeg  and  Brandon  in  Manitoba; 
Qu'Appelle  and  Battleford,  Saskatchewan;  Medicine  Hat,  Fdmontcn 
and  Calgary,  Alberta;  for  the  thirty-year  period  1891  to  1920,  with 
the  Winnipeg  records  dating  back  to  1872.  Normals  were  arrived  at 
and  the  percentage  of  precipitation  for  each  based  on  normals  was 
analvzed  with  the  following  result. 

"Only  during  the  four  years  1898,  1901,  1911  and  1916  did  the 
records  show  increased  precipitation  over  the  normal  at  all  seven 
stations.  Only  during  the  five  years  1892,  1894,  1910,  1917  and  1918 
did  the  records  show  precipitation  at  all  stations  below  the  normal. 

By  applying  all  the  experience  gained  from  the  practice  of  jig-saw 
puzzles  and  with  the  defined  purpose  of  making  "The  Punishment  Fit 
the  Crime"  it  was  impossible  to  prove  the  relationship  of  our  precipita- 
tion records  to  the  cycle. 

The  study  suggests,  however,  cycles  of  wet  and  dry  years,  which 
do  not  correspond  for  different  parts  of  the  three  provinces,  local 
variations  occuring  at  comparatively  short  distances  with  no  exact 
ratio  between  the  precipitation  at  one  point  and  the  run-off  conditions. 

It  was  further  found  that  forecasting  on  the  basis  of  the  data 
obtained  shows: 

That  three  years  as  dry  as  1919  may  be  expected  in  a  period  of 
thirty-nine  years,  i.e.,  one  year  in  thirteen. 

That  five  years  as  wet  as  1916  may  be  expected  in  thirty-nine 
years,  i.e.,  one  year  in  7.8. 

According  to  Dr.  W.  S.  Adams,  Director  of  Mount  Wilson  Observ- 
atory, there  is  evidence  of  a  correlation  between  cycles  and  atmospheric 
temperatures,  but  further  than  that  he  is  reluctant  to  go.  An  examina- 
tion of  records  appears  to  show  lag  and  distortion.  The  warm  years 
of  1921  and  1922  show  synchronizing  with  the  1923  sun  spot  "low." 

Mr.  Main  has  apparently  found  correlation  with  the  eleven-year 
cycle  and  stream  flow  on  a  Manitoba  stream. 

In  considering  the  years  of  maxima  sim  spot  data  shown  on  Mr. 
Main's  report,  1883,  1893,  1905,  1917,  1928,  1938,  it  is  found  that, 
while  they  are  no  doubt  conscientiously  chosen,  even  the  sun  spot  data 
has  a  tendency  towards  elasticity  with  different  investigators.  J.  W. 
Shuman,  Minneapolis,  chose  the  years  1861,  1871,  1882,  1893,  lfi06, 
1918  and  only  in  the  year  1893  does  the  maximum  harmonize  with 
Mr.  Main's. 

The  writer  found  that,  where  the  Red  river,  studied  by  Mr.  Main, 
showed  a  steady  decrease  in  discharge  from  1927  to  1933,  the  Churchill 
river  records  show  a  decided  yearly  increase  during  the  same  period. 
It  would  therefore  appear  advisable  as  suggested  by  Mr.  Main  to 
give  further  study  to  the  subject  before  accepting  his  interesting 
results. 

In  order  to  secure  consistency  in  estimate  of  run-off  the  period 
1911  to  1920  inclusive  was  chosen  tentatively  as  a  standard  decade. 
The  assumption  that  the  period  will  give  a  true  normal  is  based  on  a 
comparison  of  long  term  precipitation  records  as  follows: 

Calgary  Medicine  Hat 
Normal  annual  precipitation  for  period  of 

.30  years (Inches)         1.5.84  12.91 

Mean  annual  precipitation  for  decade  1911 

to  1920  inclusive (Inches)         15.44  12.71 

Percentage 97.5  98.5 

Verification  was  also  made  with  long  term  precipitation  records  at 
Edmonton,    Qu'Appelle,    Grenfell   and    Swift   Current.     The   general 
average  for  Alberta  and  Saskatchewan,  respectively,  shows  that  the' 
decade  is  practically  the  same  as  that  for  the  long  term  periods. 

The  adoption  of  the  period  has  given  generally  satisfactory  results, 
but  hydrometric  records  show  that  a  term  of  fifty  to  sixty  years  is 
necessary  in  connection  with  expected  flood  discharge  for  the  design 
of  large  expensive  structures.  Until  further  records  are  obtained  it 
will  be  necessary  to  assume  certain  relations  between  the  maxima  for 
ten,  fifteen  and  thirty  years  respectively  based  on  a  comparison  of 
available  data. 

Stream  records  when  supplemented  by  the  use  of  lake  levels  and 
precipitation  indicate  that  the  areas  of  very  high  and  very  low  run-off 
in  any  one  year  are  probably  smaller  than  might  be  assumed  from  the 
stream  records  alone.  There  is  therefore,  a  limit  to  the  safe  use  of  the 
ordinary  methods  of  correlation,  as  direct  stream  records  only  cover  a 
relatively  small  portion  of  the  provinces. 


"  Water  Rights  Engineer,  Department  of  Natural  Resources,  Gov- 
ernment of  the  Province  of  Saskatchewan,  Regina. 
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Studies  in  connection  with  maximum  run-off  show  that  stream 
records  do  not  indicate  the  potential  maxima  or  even  a  constant 
proportion  of  such  maxima.  The  maximum  rate  per  square  mile  of 
drainage  area  varies  considerably  according  to  size  and  shape  of  the 
drainage  basin,  as  referred  to  later,  so  that  true  or  consistent  coefficients 
cannot  be  obtained  by  merely  dividing  the  flow  by  the  discharge  area. 

Streams  even  in  fiat  country  are  likely  to  experience  unprec- 
edentedly  high  potential  maxima.  Some  progress  is  being  made  by 
the  writer  in  preparing  maps  =howing  the  run-off  for  the  areas  in  the 
different  drainage  basins. 

Davis  creek  draining  south-east  from  the  Cypress  Hills  shows  the 
heaviest  run-off  south  of  the  bush  country  being  166  acre-feet  to  the 
square  mile  and  Eyehill  creek  near  Yonker  the  lowest  with  2  acre-feet 
per  square  mile. 

In  estimating  losses  from  lakes  and  reservoirs  in  the  prairie  prov- 
inces where  it  is  necessary  to  Use  fairly  close  estimates  of  evaporation 
it  is  found  that  with  the  relatively  few  summer  records  the  normal 
depth  of  evaporation  in  inches  per  year  corresponds  approximately  to 
the  mean  temperature  over  a  number  of  years.  As  a  result  the  method 
of  estimating  the  mean  temperature  by  altitude  and  location  when 
actual  records  are  inadequate  gives  fairly  satisfactory  results. 

Local  variations  of  temperature  being  chiefly  due  to  altitude  may 
be  estimated  on  the  basis  of  one  degree  decrease  for  every  300  feet  of 
altitude,*  but  there  is  a  further  loss  of  about  one  degree  temperature 
for  every  degree  of  latitude,  and  in  Alberta  and  Saskatchewan  a  gain 
of  about  one-half  a  degree  in  temperature  for  every  degree  of  longitude. 
The  latter  correction  is  due  to  the  relative  distance  from  the  Pacific 
Ocean.  These  conclusions  suggest  a.  convenient  means  of  estimating 
temperature  embracing  altitude  and  location  by  the  following  formula : — 


The  formula  gives  the  following  comparative  figures: — 


T 

=  C-^M  - 

2L      ^ 
^^       300 

where           T 

=  Mean  temperature 

C 

=  A  coefficient  of  about  38  (Manitoba  39) 

■  M 

=  Meridian 

L 

=  Latitude 

A 

=  Altitude  i 

in  feet. 

The  value 

of  "C"  is  derived  from  thirty  years 

records  as 

follows : 

Correction 

Mean 

for 

Correction 

Per  cent 

Stations 

Temp. 

location 

for 

"C" 

for 

for 

114  V  50°^ 

sea  level 

38 

30yrs. 

Calgary 

37.80 

-11.97 

-fll.43 

37.26 

-2 

Medicine  Hat 

41.70 

-10.35 

-f-  7.06 

38.41 

+  1 

Edmonton 

.36.90 

-  6.40 

+  7.02 

37.52 

-1 

38.10 

-  7  08 

+  7.97 

37.73 

-0.6 

Swift  Current 

38.99 

-f2.5 

Qu'Appelle 

34.50 

-  2.78 

+  7.05 

38.77 

-1-2.0 

Prince  Albert 

31.70 
33.80 

+  0.70 
+  0.67 

+  4.83 
+  5.63 

37.23 

-2.3 

38.33 

+  1 

Minnedosa 

40.10 

-f5.5 

St.  Albans 

35.40 

-  0.18 

-1-  3.93 

39.15 

+3 

Hillview 

33.20 

-  0.63 

-1-  4.67 

37.24 

-2 

38.83 


+2.0 


It  is  often  necessary  to  estimate  monthly  evaporation  where  only 
temperature  records  are  available  and  it  is  found  that  if  we  assunie 
other  conditions  to  be  equal  the  approximate  relation  of  evaporation 

^      T  -C 
to  temperature  is  as  follows :  Log  E  =  — -^ — 

where  E  =  Evaporation  in  water  for  one  month 

T  =  Mean  temperature 

C  =  Coefficient  depending  on  relative  humidity,  etc.,  and 
other  local  factors. 

Actual  records  naturally  vary  from  this  equation  which  was  based 
on  average  or  records  extending  up  to  eleven  years  at  several  stations. 
For  mass  curve  estimates  they  afford  a  ready  means  of  applying  the 
available  data  to  normal  conditions  in  other  respects  than  temperature. 
The  formula  further  provides  a  standard  by  which  to  compare  data 
affected  by  unusual  wind  and  other  conditions. 

Practically  no  records  of  winter  evaporation  are  available  and  this 
formula  can  be  used  with  the  average  value  of  "C"  denominator  (62)  for 
completing  partial  records  to  include  winter  evaporation  from  monthly 
records  of  temperature. 


Temperature 

Evaporation 

Degrees  Fah. 

Inches 

-20 

0.31 

-10 

0.45 

0 

0.65 

+  10 

0.93 

+20 

1.35 

+30 

1.95 

+40 

2.85 

+50 

4.10 

+60 

6.10 

+70 

8.50 

*  Meyers  "Hydrology,"  p.  23. 


While  temperature  is  a  very  important  factor  in  the  study  of 
evaporation,  equally  important  is  the  effect  of  wind  action,  removing 
as  it  does  the  protective  vapour  blanket  from  above  the  water  surface. 
The  rate  of  evaporation  is  caused  by  wind  and  in  the  southern  part 
of  our  provinces  the  evaporation  opportunity,  through  the  effect  of 
wind,  is  high. 

As  one  interested  in  conservation  and  its  attendant  factors  for 
many  years,  and  with  the  experience  of  administering  "Water  Rights" 
in  the  province  of  Saskatchewan  for  the  past  four  years,  the  writer 
feels  that  our  most  urgent  need  is  the  construction,  under  supervision, 
of  domestic  and  stock-watering  dams  together  with  a  plan  which  would, 
by  contact,  assist  the  farmer  in  fostering  existing  irrigation  schemes 
(44,000  acres).  It  might  be  also  possible  to  locate  and  develop  small 
projects  that  prove  on  examination  to  be  economically  feasible. 

Mr.  Main  in  his  report  proposes  the  investigation  of  several  large 
projects  many  of  which  will  no  doubt  prove  to  have  merit,  particularly 
from  the  standpoint  of  regulating  low  flow  and  increasing  ground  water 
supply  by  percolation. 

It  is  suggested  that  if  money  becomes  available  an  inventory  be 
made  of  the  possible  supply,  from  wells,  creeks,  lakes  and  other  sources 
in  each  township  throughout  the  drought  area.  The  requirements  for 
a  township,  accepting  the  average  farm  in  the  grain  growing  district 
as  one  half  section,  and  allowing  for  losses,  are  60  acre-feet  per  annum. 

The  quantity  required  is  not  large  and  the  cost  of  construction 
for  low  dams  would  not  be  great.  Where  no  natural  creek  beds  or 
depressions  are  found  dugouts  might  be  constructed  on  suitable  sites 
200  by  60  by  12  feet.  With  four  to  a  township  a  supply  of  2,203,368 
gallons  could  be  made  available  after  allowing  for  losses.  The  quantity 
would  provide  a  supply  for  seventy-three  days,  without  considering 
wells. 

It  would  be  of  particular  interest  to  this  province  to  have  a  con- 
tinuance of  the  excellent  work  performed  in  the  Carnduff  district  by 
Kirk  and  Wickenden  extended  over  other  areas,  should  money  be 
made  available  for  such  purpose. 

While  the  writer  is  in  agreement  with  Mr.  Peiry  that  our  stream 
flow  is  primarily  dependent  upon  fall  and  winter  precipitation,  it  is 
felt  that  in  compiling  his  curves  as  from  October  1st  to  September  30th 
thus  eliminating  the  month  of  September  as  not  being  dependent  he 
is  not  in  accordance  with  views  now  to  be  set  forth. 

A  study  of  soil  moisture  shows  that  there  are  two  opposing  forces, 
gravity  and  capillarity — one  downward  and  the  other  upward.  Any 
added  water  applied  at  the  surface  will  unbalance  equilibrium  and 
release  water  to  the  ground  water  table.  The  capillary  water  assists 
in  controlling  the  downward  movement  of  additional  water  as  it  fills 
the  minute  channels,  and  it  acts  as  a  buffer  when  increased  flows  are 
applied. 

In  September  our  early  frosts  stop  most  plant  transpiration.  Any 
precipitation  has  a  chance  of  filling  the  capillary  pores  and  has  little 
chance  of  being  affected  later  by  evaporation  as  October  is  generally 
cool,  and  while  there  are  snows  in  October  they  usually  evaporate. 
September  on  the  basis  of  the  above  would  appear  to  be  the  important 
month  for  ground  water  storage. 

Spring  floods  are  related  to  annual  temperature,  and  winter 
temperature  curves  closely  parallel  the  annual  because  they  make  up 
a  large  part  of  it.  The  main  factors  for  spring  floods  are  available 
moisture  (usually  in  March),  late  springs,  with  intermittent  thaws, 
sudden  and  warm  weather  or  hot  rains,  and  a  soil  previously  filled  with 
moisture  from  fall  rains. 

There  appears  to  be  enough  water  in  a  normal  winter's  snowfall 
to  make  a  flood  if  other  factors  are  favourable. 

The  last  floods  at  Minot,  North  Dakota,  occurred  when  the 
average  was  less  than  normal.  In  fact  according  to  figures  given  by 
R.  E.  Kennedy,  state  engineer,  North  Dakota,  the  lowest  point  on- the 
curve  of  2.4  inches. 

So,  for  watersheds  not  subject  to  summer  floods,  the  annual 
temperature  has  a  definite  connection  with  the  flood  occurrence. 

Concerning  deforestation,  Mr.  J.  C.  Stevens,  Portland,  Oregon 
says: 

"After  many  years  of  guessing  and  useless  argument  some  authentic 
information  has  been  produced  at  last  as  to  the  effect  of  forests  on 
stream  flow.  The  final  conclusions  are  exceedingly  simple.  They  might 
have  been — in  fact,  actually  were — anticipated  many  years  ago.  The 
forest,  like  every  other  vegetable  crop,  consumes  large  quantities  of 
water  for  its  growth.   Unlike  some  plants,  however,  it  also  dissipates 
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large  quantities  of  water  by  mechanical  means.  It  prevents  a  substan- 
tial portion  of  rain  and  snow  from  reaching  the  soil,  permitting  rapid 
evaporation  from  branches  and  leaves.  When  the  forest  is  removed 
the  water  thus  consumed  by  it  appears  as  run-off.  As  new  growths 
•appear  the  run-off  gradually  diminishes  again  in  proportion  to  this 
crop  and  mechanical  consumption." 

Professor  D.  W.  Mead,  University  of  Wisconsin,  quotes  from 
experiments  made  in  Wisconsin  in  1929: 

"The  highest  average  percentage  of  run-off  found  was  less  than 
2  per  cent  for  forest  covering,  20.1  per  cent  for  pastures,  24.1  per  cent 
for  oat  lands,  25.6  per  cent  for  com  lands,  and  21.5  per  cent  for  hay 
lands,  the  last  three  being  probably  somewhat  reduced  by  the  less 
average  slopes." 

The  inference  is  "that  sod  yields  less  run-off,  consumes  more 
water  and  returns  more  to  the  atmosphere  than  certain  cultivated 
crops  do." 

Professor  Mead  says  referring  to  Devil's  Lake:  "Since  the  land 
around  the  lake  has  been  settled  and  cultivated  there  has  been  a  con- 
siderable decrease  in  run-off  and  a  marked  shrinkage  in  the  height 
and  area  of  the  lake,  evidently  due  to  the  opening  of  the  lands  by 
cultivation." 

A  paper  prepared  by  Raphael  Zon,  Director,  Lake  States  Forest 
Experiment  Station,  is  of  particular  interest,  bringing  together  im- 
partially all  the  well-established  scientific  facts  in  regard  to  the  relation 
of  forests  to  water  supply  and  his  summing  up  is  as  follows: 

1.  The  total  discharge  of  large  rivers  depends  upon  climate,  pre- 
cipitation and  evaporation.  The  observed  fluctuation  in  the  total 
amount  of  water  carried  by  rivers  during  a  long  period  of  years  depends 
upon  climatic  cycles  of  wet  and  dry  years. 

2.  The  regularity  of  flow  of  rivers  and  streams  throughout  the 
year  depends  upon  the  storage  capacity  of  the  watershed,  which  feeds 
the  stored  water  to  the  streams  during  the  summer  through  under- 
ground seepage  and  by  springs.  In  winter  the  rivers  are  fed  directly 
by  precipitation,  which  reaches  them  chiefly  as  surface  run-off. 

3.  Among  the  factors,  such  as  climate  and  character  of  the  soil, 
which  affect  the  storage  capacity  of  a  watershed,  and  therefore  the 
regularity  of  stream  flow,  the  forest  plays  an  important  part,  especially 
on  impermeable  soils.  The  mean  low  stages  as  well  as  the  moderately 
high  stages  in  the  rivers  depend  upon  the  extent  of  forest  cover  on 
the  watersheds.  The  forest  tends  to  equalize  the  flow  throughout  the 
year  by  making  the  low  stages  higher  and  the  high  stages  lower. 

4.  Floods  which  are  produced  by  exceptional  meteorological  con- 
ditions cannot  be  prevented  by  forests,  but  without  their  mitigating 
influence  the  floods  are  more  severe  and  destructive. 

While  Professor  Chandler  states  that  Devil's  Lake  has  fallen  22 
feet  in  the  past  fifty  years,  R.  E.  Kennedy  is  of  the  opinion  that  the 
lake  has  several  times  been  dry  or  nearly  so.  Stump  Lake,  25  miles 
from  Devil's  Lake,  was  so  named  according  to  Mr.  Kennedy  because 
uprooted,  fire  marked,  waterlogged  oak  trees  are  slowly  emerging  in 
certain  places  around  the  shore  as  the  water  recedes.  These  trees  are 
not  petrified  and  one  examined  showed  one  hundred  and  sixteen  rings 
about  12  inches  in  diameter,  and  he  concludes  the  ground  was  dry 
for  at  least  one  hundred  and  sixteen  years.  It  would  appear  that  wet 
cycles  have  come  and  gone. 

With  respect  to  Johnston  Lake  referred  to  by  Mr.  Perry,  the 
writer  found  that  by  getting  a  check-up  on  this  lake  in  August  and 
allowing  for  subsequent  evaporation  the  lake  has  receded  about  10 
feet  since  1883. 

While  it  is  agreed  that  the  size  of  a  drainage  basin  is  a  factor 
with  precipitation  in  estimating  run-off  (with  topography)  the  shape  is 
also  considered  as  being  a  most  important  factor.  When  one  examines 
Moose  Jaw  Creek  Drainage  Basin  it  is  found  to  be  about  23  miles 
wide  and  60  miles  in  length,  short  and  narrow  and  similar  in  shape 
to  Swift  Current  Creek  Drainage  Basin  which  is  about  16  miles  wide. 
Both  being  narrow,  flood  waters  reach  the  point  of  discharge  quickly. 
The  area  drained  in  both  cases  is  partly  from  hills,  whereas  the  Qu'Ap- 
pelle  basin  is  about  100  miles  wide  and  the  Souris  approximately  108 
miles.  If  one  considers  the  length  of  the  radiating  lines  from  the 
boundaries  of  the  drainage  basin  to  the  point  of  discharge  it  is  thought 
that  the  losses  would  be  proportionately  greater  and  the  flood  stage 
proportionately  less. 

Again  with  the  higher  stage  recorded  at  Minot  with  its  10,270 
square  miles  as  against  Wawanesa  with  23,121  square  miles,  an  examina- 
tion of  the  basin  shows  that  the  flood  waters  reaching  Minot  will  have 
time  to  flatten  out  before  reaching  Wawanesa.  Meantime  the  larger 
part  of  the  23,121  miles  Deing  tributary  to  Wawanesa  will  have  had 
every  opportunity  of  passing  Wawanesa  before  the  Minot  peak  reaches 
there. 

Considering  the  shape  of  the  Wawanesa  basin  the  waters  will  have 
to  come  from  a  distance  of  approximately  108  miles  north  and  100 
miles  east  and  one  would  expect  that  the  long  basin,  releasing  all  the 
way  along  will  give  time  for  the  waters  to  get  away  with  less  chance 
of  a  peak  occurring  and  before  the  Minot  waters  reach  there. 

With  Swan  river  showing  only  a  difference  of  1.5  inches  in  rainfall 
over  Swift  Current  creek,  Mr.  Perry  finds  the  relation  of  run-off  to  be: 

Swift  Current 0.918  inches 

Swan  river 3.97       " 


As  temperature  and  winds  are  the  principal  causes  of  evaporatifin 
one  would  expect  less  run-off  from  the  Swift  Current  district.  The 
temperature  of  the  air  and  water  in  the  Swan  river  drainage  basin 
is  found  to  be  less.  Similar  data  on  file  on  the  two  above-mentioned 
streams  shows  the  run-off  in  second-feet  per  square  mile  to  be: 

Swift  Current 5.43 

Swan  river 6.96  for  the  period . 

Many  formulae  have  been  used  for  ascertaining  methods  of  obtain- 
ing flood  coefficients,  a  few  of  the  better  known  exponents  being 
Dickens,  Walker,  Ryves,  Fanning,  Meyers  and  Lillie.  It  is  found 
however,  that  the  Lillie  formula*  gives  the  most  satisfactory  result 
for  the  provinces  under  consideration. 

Mr.  Lillie  finds  that  the  potential  maximum  flood  cross-section 
varies  as  a  coefficient  multiplied  by  X  for  size  and  26L  for  shape. 

In  considering  maximum  discharges  in  western  Canada  it  was 
found  by  the  late  Mr.  Spreckley,  Dominion  Government  Service, 
Calgary,  that  X  varies  as  the  fourth  root  of  the  area  in  square  miles, 
and  20L  is  the  sum  of  the  radial  distances  in  miles  from  the  gauging 
station  to  the  boundary  of  the  watershed  at  intervals  of  1  degree. 
It  is,  therefore,  possible  to  reduce  any  maximum  discharge  to  a  com- 
mon basis  of  c.f.s.  per  square  mile  as  if  the  drainage  area  were  100 
square  miles  of  standard  shape  thus: — 

If  C  =  coefficient  for  100  square  miles  of  a  shape  giving  2GL  = 
1,000.    A  =  drainage  area,  and  P  =  maximum  discharge. 
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In  estimating  29L  a  tracing  of  radial  lines  at  intervals  of  10  degrees 
is  used. 

In  extending  the  records  for  short  periods  a  straight  line  curve 
from  percentages  of  "median"  yearly  maximum  discharge  is  used  and 
the  percentages  are  read  off  on  the  line  corresponding  to  the  maximum 
(fifteen  years). 

C.  J.  Mackenzie,  m.e.i.c." 

When  Mr.  Main  states  that  "man  .  .  .  must  take  action  to  create 
conditions  that  will  minimize  the  effects  of  another  serious  drought 
period  when  it  comes,  as  it  surely  will,"  he  expresses  the  "drought" 
problem  as  it  appears  at  the  moment  to  westerners.  That  the  problem 
is  one  of  more  than  local  significance  is  realized  when  it  is  noted  that 
in  six  years,  1922  to  1928,  the  "drought  stricken"  area  of  Saskatchewan 
alone  produced  new  wealth  greater  than  the  present  total  indebtedness 
of  every  kind  in  the  entire  province.  The  question  of  the  moment  is 
"what  conditions  must  we  create?"  Generally  speaking,  during  the 
past  few  years  there  have  been  in  western  Canada  two  schools  of 
thought  as  to  what  can  be  done.  One  school  suggests  that  climatic 
conditions  can  be  affected  to  some  degree  by  man's  efforts;  that  planting 
trees  and  hedges,  creating  large  reservoirs  and  lakes  will  increase 
precipitation;  that  large  scale  projects,  covering  extensive  areas,  for 
carrying  water  to  the  treeless  prairies,  are  desirable  and  practicable 
measures.  The  other  school,  which  has  the  support  of  scientific  agricul- 
tiu-ists,  in  Saskatchewan  at  least,  believes  that  there  is  no  possibility 
of  doing  anything  to  affect  measurably  the  rainfall  or  climate  on  the 
prairies;  that  it  is  quite  impracticable  to  grow  trees  in  extensive  belts 
in  a  semi-arid,  short  grass  country  where  even  hard  wheat,  which  is  a 
semi-arid  form  of  growth,  can  not  survive  in  periods  of  deficiency  of 
rainfall;  that  large  scheme  irrigation  or  water  projects,  while  perhaps 
possible  from  an  engineering  standpoint,  are  not  feasible  from  an 
economical  point  of  view.  The  remedy,  claim  adherents  of  this  school, 
lies  rather  in  the  field  of  cultural  and  tillage  methods  for  the  purpose 
of  reducing  evaporation  on  cultivated  lands  to  a  minimum,  and  lessen- 
ing soil  drifting,  and  on  an  intelligent  reorganization  of  our  social  and 
political  institutions  so  that  all  lands  would  be  used  only  for  purposes 
indicated  by  the  soil  and  climatic  conditions  in  each  particular  area. 
It  has  been  suggested  that  farming  operations  must  be  planned  in 
future  on  the  basis  of  the  inexorable  natural  laws  of  variation,  which 
indicate  that  here,  as  in  any  country  of  semi-arid  nature,  the  wide  and 
quite  natural  variations  in  rainfall  will  bring  again  periods  of  drought 
as  have  occurred  during  the  past  three  to  five  years  and  which,  evidence 
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indicates,  have  occurred  in  equally  severe  form  in  past  years  before 
the  country  was  settled.  The  writer  feels  that  the  latter  view  is  the 
sounder,  and  the  envisaging  of  a  general  scheme  which  would  provide 
at  all  times  an  actual  storage  of  seed  grain  and  feed  supplies  in  every 
section  of  the  country  sufficient  to  meet  the  requirements  of  say  two 
drought  years  with  perhaps  an  actual  monetary  reserve  in  the  form 
of  an  insurance  scheme  for  relief  purposes  is  certainly  quite  as  practical 
and  probably  more  so  than  the  schemes  now  in  use  and  under  con- 
sideration for  National  Unemployment  Insurance.  Moreover,  such  a 
scheme  would  involve  no  large  initial  expenditures  and  could  be  in- 
itiated very  quickly. 

Mr.  Perry  gives  a  soimd  picture  ot  the  controlling  factors  and 
character  of  run-off  from  streams  draining  prairie  watersheds  and  his 
conclusion  that  only  about  0.3  inches  of  rainfall  runs  off  per  year  is 
significant,  as  it  can  be  seen  that  if  all  of  this  were  conserved,  which 
of  course  would  be  impossible,  and  applied  to  the  areas  from  which 
it  comes,  the  addition  would  mean  little  in  a  country  where  the  rainfall 
is  even  as  limited  as  in  Saskatchewan.  The  writer  does  not  suggest 
that  many  small  storage  dams  would  not  serve  local  farms  or  even 
small  communities  as  suggested,  and  feels  that,  just  as  the  railways 
have  so  successfully  developed  many  water  supplies,  this  effort  is  one 
that  should  be  encouraged,  but  as  has  been  indicated  they  must  be 
relatively  local  in  nature  and  cannot  be  considered  as  a  broad  national 
scheme  for  the  rehabilitation  of  the  treeless  prairies  considered  as  a 
whole. 

The  major  scheme  suggested  by  Mr.  Main  is  of  sufficient  size  to 
qualify  as  a  broad  national  scheme,  covering  as  it  does  an  area  of 
about  five  to  six  million  acres.  The  water  in  this  case  is  to  be  drawn 
from  the  South  Saskatchewan  river,  a  source  uninfluenced  by  run-off 
from  the  prairies,  but  dependent  on  the  melting  snow  from  the  moun- 
tains. The  scheme  of  delivering  water  to  individual  farms  by  pipes 
laid  along  alternate  road  allowances,  as  suggested,  is  a  bold  concep- 
tion, but  one  who  has  had  experience  with  waterworks  systems  for 
small  towns  knows  that  a  community  of  one  thousand  people  living 
within  the  area  of  a  village  or  town,  with  a  supply  at  hand,  can  scarcely 
bear  the  overhead  expense  of  such  a  system,  and  consequently  must 
feel  that  imder  present  economic  and  political  conditions,  when  it  is 
found  to  be  economically  impracticable  to  supply  individual  farms 
scattered  over  a  large  area  even  with  electric  light  and  power,  there 
is  not  much  possibility  of  having  any  such  scheme  in  effect  in  time 
to  meet  the  next  drought.  Moreover,  while  6,000,000  acres  is  an  area 
of  some  magnitude,  it  is  a  relatively  small  proportion  of  the  Saskat- 
chewan grain  growing  acreage,  most  of  which  is  liable  to  years  of  crop 
failure.  It  is  true  that  while  in  the  tree  belt  of  the  north,  generally 
speaking,  the  precipitation  is  not  greater  than  in  the  south,  the  lower 
temperature  and  freedom  from  hot  winds  with  consequent  decreased 
evaporation  make  conditions  quite  different  from  those  in  the  south, 
and  while  drought  conditions  are  not  so  much  to  be  feared,  there  is 
always  the  possibility  of  a  succession  of  years  of  late  spring  or  early 
fall  frosts,  which  would  mean  a  crop  loss.  There  are,  however,  large 
areas  between  the  northern  limits  of  the  present  drought  area  and 
extending  well  into  the  park  belt  which  are  liable  to  periods  of  deficient 
rainfall  and  drought  conditions,  and  to  cover  all  this  latter  area,  so 
exposed,  with  a  waterworks  system  would  be  an  undertaking  of  gigantic 
proportions  to  say  the  least. 

On  the  other  hand,  a  system  of  planning  and  insurance  as  suggested 
above,  would  cover  all  areas  against  both  drought  and  frost,  and  as 
in  all  forms  of  insurance  the  greater  the  area  covered  and  the  numbers 
involved,  the  cheaper  and  safer  it  would  be.  Naturally  such  insurance 
rates  would  vary  with  the  risk  in  different  localities,  but  most  insurance 
schemes  are  so  adjusted  to  varying  risks. 

One  agrees  with  Mr.  Main  that  there  is  urgent  need  of  a  commission 
of  enquiry  of  a  broad  nature,  to  bring  together  the  expert  and  studied 
opinions  of  meteorologists,  agriculturists,  engineers  and  statesmen,  so 
that  all  the  scientific  and  other  available  information  may  be  pooled 
and  a  plan  evolved  that  will  be  authoritative  and  acceptable.  It 
should  be  stated  that  several  interested  governments  have  already 
taken  steps  in  this  direction. 

R.  W.  McKlNNON,   A.M.E.I.C." 

Drought  conditions,  in  the  areas  now  affected,  are  not  new  con- 
ditions although  attended  by  a  great  deal  more  hardship  and  suffering 
than  was  experienced  on  previous  occasions  due  to  increased  population 
and  greater  cultivation  than  in  past  years  which  has  drawn  heavily 
on  the  ground  water  supply  during  periods  of  low  precipitation. 

In  this  semi-arid  area,  the  success  or  failure  of  a  crop  is  as  dependent 
on  the  time  of  precipitation  and  the  condition  of  the  soil  to  take 
advantage  of  such  precipitation,  as  it  is  upon  its  amovmt.  This  con- 
dition appUes  to  the  prairie  provinces  as  a  whole  and  is  not  particularly 
confined  to  the  drought  area. 

The  study  of  conditions  throughout  Manitoba  has  led  the  writer 
to  the  conclusion  that  the  year  following  a  comparatively  wet  fall 
with  early  frost  and  late  snow  is  one  in  which  without  early  normal 
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summer  precipitation,  crop  conditions  are  poor.  Frozen  condition  of 
the  earth  in  the  early  spring  makes  it  impossible  for  the  soil  to  take 
advantage  of  or  store-up  the  early  spring  run-off.  On  the  other  hand, 
a  dry  fall  with  early  frosts  and  late  snow  or  early  snows  and  late  frosts 
enable  the  soil  to  take  full  advantage  of  the  spring  run-off.  In  the 
case  of  the  comparatively  dry  fall  and  early  frosts,  large  cracks  form 
inlets  through  which  the  water  is  absorbed.  In  the  case  of  early  snows 
and  late  frosts,  absorption  takes  place  with  httle  movement  of  the 
water. 

The  extensive  planting  of  shelter  (tree)  belts  and  the  excavation 
for  artificial  ponds  throughout  the  drought  area,  together  with  the 
damming  up  of  various  creeks  and  rivers,  has  been  advocated  by  many 
as  a  solution  for  increased  precipitation.  While  the  writer  considers 
the  proposals  a  decided  improvement  towards  the  living  conditions  in 
the  area,  he  does  not  consider  that  they  will  have  any  appreciable 
effect  on  precipitation  in  the  area  referred  to. 

Shelter  belts  will  collect  and  hold  any  winter  precipitation  in  the 
form  of  snow  and  tend  to  retard  their  melting  in  the  spring  thereby 
giving  the  soil  in  their  immediate  vicinity  better  chance  of  absorbing 
the  collected  moisture. 

This,  together  with  cultivation  and  selection  of  crops  tending  to 
replace  the  fibre  in  the  soil,  which  has  been  removed  by  years  of  cultiva- 
tion in  one  case  and  the  supplying  by  proper  selection  of  crop  and 
proper  working  the  fibre  which  is  lacking  in  other  sections,  will  do 
much  towards  the  prevention  of  soil  drift. 

Wtere  no  water  supply  is  available,  the  excavation  of  ponds  for 
collection  of  water  for  domestic  use,  and  for  stock  watering  purposes 
where  only  sufficient  potable  water  is  obtainable  for  domestic  use  is 
one  which  has  been  in  use  in  Manitoba  for  some  years.  In  the  writer's 
opinion,  a  good  pond  on  any  farm  not  situated  on  a  creek  bank  or 
lake  having  an  all-around  water  supply,  is  one  of  the  best  assets  a 
farm  can  have. 

Ponds  for  this  use,  it  will  be  easily  seen,  are  not  of  much  use  for 
any  other  purpose.  The  very  object  for  which  they  are  excavated, 
namely,  that  of  retaining  an  all-around  water  supply,  excludes  them 
from  the  category  of  a  percolation  bed  and  evaporation  must  be  kept 
at  a  minimum. 

The  conclusions  arrived  at  relative  to  the  effect  of  trees  and  water 
have  been  reached  after  a  number  of  years  of  observation  of  the  area 
situated  between  Lakes  Manitoba  and  Winnipeg  where  evaporation 
surfaces  and  bush  are  provided  by  nature  to  an  extent  that  it  is  econom- 
ically impossible  to  equal  by  artificial  means  and  yet  in  this  area  lakes 
and  sloughs  are  drying  up  without  artificial  drainage  and  drought 
conditions  existing,  although  not  on  as  large  a  scale  as  in  the  dried  out 
areas  of  the  prairie  provinces. 

The  present  is  not  the  time  for  the  launching  of  an  extensive  tree 
planting  programme  as  sufficient  moisture  to  start  growth  of  any  tree 
is  lacking.  However,  experiments  should  be  carried  on  to  decide  on  the 
tree  which  will  thrive  on  the  minimum  of  water.  When  the  selection 
of  suitable  trees  and  shrubs  has  been  made,  seedhngs  should  be  started 
at  once  in  such  numbers  than  when  conditions  in  the  drought  area  are 
suitable  for  proceeding  with  the  project  the  necessary  supply  will  be 
available. 

On  this,  together  with  the  attention  which  the  individual  is  pre- 
pared to  give,  will  depend  the  success  of  the  venture,  otherwise  the 
amount  of  water  required  to  secure  a  shelter  belt  may  outweigh  its 
usefulness  in  prevention  of  soil  drift. 

The  excavation  of  ponds  under  present  soil  and  moisture  condi- 
tions is  not  feasible.  Before  sufficient  water  to  fill  ponds  is  available 
excavations  will  be  filled  with  drift  soil.  When  ponds  are  excavated 
spoil  banks  should  be  levelled  at  once,  seeded  and  surrounded  by  trees 
for  dual  purpose  of  catching  snow  and  that  of  preventing  soil  drift 
reaching  the  excavation. 

The  problem  is  one  of  national  importance  and  should  have  the 
support  of  all  governments.  Federal,  provincial  and  municipal,  together 
with  that  of  the  individual. 

The  attention  of  the  best  engineers,  agriculturists  and  geologists 
should  be  given  to  the  correlating  of  all  available  data  and  the  securing 
of  additional  information  to  arrive  at  a  sound  basis  for  the  conservation 
of  available  moisture.  Particular  attention  should  be  paid  to  the 
sources  by  which  the  ground  water  of  the  upper  or  crop  producing 
strata  is  supplied,  the  manner  in  which  it  can  be  conserved  and  made 
available  to  the  residents  in  various  areas,  also  to  advise  on  the  best 
farming  methods  whereby  the  individual  can  co-operate  to  the  utmost 
in  securing  the  desired  results.  In  the  writer's  opinion  the  co-operation 
received  from  the  individual  in  carrying  out  the  corrective  measiu-es 
decided  upon  as  being  necessary  will  have  more  to  do  with  the  success 
or  failure  of  the  undertaking  than  will  the  major  works  such  as  damming 
of  creeks  and  rivers  which  will  have  to  be  imdertaken  by  one  of  the 
governing  bodies. 

The  effect  of  cultivation  on  the  amoimt  of  moisture  in  the  soil 
was  demonstrated  last  fall  during  the  laying  of  some  two  miles  of 
water  main.  A  record  was  kept  of  the  moisture  conditions  and  the 
following  found  to  exist: — 

On  cultivated  land  which  was  cropped  the  same  year,  moisture 
was  down  8  inches. 

On  a  section  which  has  had  a  grass  coverage  for  the  last 
twenty  years,  moisture  was  down  23  inches. 
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On  a  section  which  was  well  cultivated,  in  fact  was  a^arge 

root  garden  and  which  had  not  been  cropped  for  two  years,  but 

with  the  soil  well  worked  and  in  good  condition,  the  moisture 

was  down  8  feet. 

These  results  were  obtained  in  the  vicinity  of  Winnipeg  on  approx- 
imately a  one-quarter  section  of  land. 

Another  phase  which  has  been  greatly  emphasized  and  more 
particularly  in  respect  to  Manitoba,  is  that  of  drainage.  In  the  writer's 
opinion,  there  are  two  classes  of  water: — 

That  of  which  the  conservation  would  increase  production. 
That  which  is  collected  in  basins  or  depressions  and  serves 

no  useful  piu-pose  relative  to  the  productiveness  of  the  adjoining 

lands. 

In  Manitoba  the  change  in  evaporation  surface  due  to  artificial 
means  has  been  less  than  one-tenth  of  one  per  cent.  Of  this  amount 
the^igreater  portion  was  in  an  area  where  the  water  was  not  of  any 
benefit  to  agricultural  pursuits  tributary  to  it.  The  reclaiming  of  this 
area  has  produced  some  of  the  finest  and  most  productive  lands  in 
western  Canada  and  even  with  drought  conditions  as  they  are  to-day, 
one  would  be  justified  in  recommending  their  drainage.  In  the  years 
of  favourable  percolation  conditions  there  is  little  run-off.  In  years 
when  conditions  are  not  favourable  for  percolation  the  retention  of 
the  water  on  the  various  farms  would  have  to  be  of  such  duration 
that  crop  grown  would,  of  necessity,  be  one  of  rapid  growth  and  early 
maturity. 

Drought  is  not  a  new  condition  in  the  area  under  discussion  but 
one  which  is  recorded  by  many  of  the  early  explorers  and  which  will 
occur  again.  Therefore,  the  present  problem  is  that  of  devising  ways 
and  means  whereby  during  the  coming  period  of  ample  and  possibly 
of  excess  moisture,  such  as  have  always  followed  drought  periods,  the 
excess  water  over  requirements  can  be  conserved  to  be  used  in  reducing 
hardships  in  future  drought  periods  to  a  minimum. 

P.  C.  Pebby,  a.m.e.i.c. 

Probably  the  keynote  of  the  discussion  has  been  the  urging  of 
thorough  study  by  experts  in  the  various  sciences  involved,  and  citizens 
in  general  are  probably  in  agreement  with  that  viewpoint.  Some  of 
those  participating  in  the  discussion  suggested  that  nothing  should  be 
done  until  a  complete  study  had  been  made.  The  writer,  however,  is 
convinced  that  considerable  work  in  connection  with  development  of 
local  water  supplies  can  be  proceeded  with  immediately  while  the 
general  situation  is  being  more  carefully  considered.  A  programme 
somewhat  similar  to  that  carried  on  by  the  United  States  Federal 
Emergency  Relief  Administration  and  described  by  Mr.  Jones  can  be 
carried  on  in  the  prairie  provinces  with  reasonable  assurance  of  success. 
A  particularly  attractive  field  exists  in  the  construction  of  municipal 
reservoirs  to  supply  water  and  ice  for  residents  of  the  district.  At  least 
nine  such  reservoirs  were  constructed  in  Saskatchewan  with  engineering 
supervision  last  year  and  it  is  beheved  that  more  were  developed  with- 
out expert  advice.  Investigations  have  been  made  for  about  forty 
reservoirs  on  which  work  could  be  done  early  this  year. 

It  is  appreciated  that  the  run-off  from  the  prairie  is  light  and  that 
it  can  not  be  depended  upon  every  year.  Nevertheless,  successful 
reservoirs  have  been  used  for  many  years  by  individuals,  municipalities, 
and  the  railways.  The  possibilities  of  this  type  of  work  have  been 
demonstrated  by  experience  gained  from  the  time  the  west  was  first 
settled,  while  the  value  of  these  local  supplies  is  beyond  question. 

The  proposals  for  utilization  of  the  Saskatchewan  river  are  made 
more  attractive  because  of  the  more  dependable  flow  of  that  stream. 
On  the  other  hand,  the  river  does  not  possess  natural  storage  basins 
and  the  storage  of  the  flood  waters  will  be  extremely  costly.  It  seems 
to  be  the  opinion  of  those  best  informed  on  the  matter  that  large  scale 
irrigation  can  not  be  made  to  pay  its  own  way  on  the  Canadian  prairie. 
The  advocates  of  irrigation  in  some  instances  urge  that  the  country 
at  large  can  bear  part  of  the  cost  because  of  the  general  benefits.  In 
this  connection,  however,  it  should  be  remembered  that  it  is  impossible 
to  provide  irrigation  water  for  every  farm,  and  if  the  country  assumes 
part  of  the  cost  of  irrigating  some  areas,  the  farmer  without  water 
will  be  paying  (through  taxes)  part  of  the  cost  of  the  water  used  by 
the  irrigationist. 

Mr.  Patterson  raised  the  question  of  possible  mineralization  of 
water  in  prairie  reservoirs,  and  it  may  be  mentioned  that  the  railways 
have  given  careful  consideration  to  that  phase  of  the  question,  and 
beUeve  that  it  is  not  a  serious  drawback.  The  lakes  and  sloughs  have 
probably  developed  their  mineral  content  through  thousands  of  years 
and  ground  water  acquires  its  mineral  salts  by  slow  movement  through 
highly  mineraUzed  soil.  The  greatest  help  in  avoiding  mineralization 
in  artificial  reservoirs,  is  to  have  them  located  in  coulees  where  the 
run-off  occurs  early  and  for  a  short  time  in  the  spring.  A  minimum  of 
mineralization  occurs  when  the  water  runs  over  frozen  ground. 

A  further  great  help  can  be  provided  in  most  cases  by  installing 
a  scour  pipe  in  the  dam.  Such  a  pipe  is  provided  with  a  valve  which 
may  be  opened  when  the  fresh  water  begins  to  enter  the  reservoir  in 
the  spring.  In  this  way  an  accumulation  of  salts  from  year  to  year  is 
avoided. 

Mr.  McGavin  draws  attention  to  the  variety  of  opinions  concern- 
ing effect  of  trees  on  nm-o£f.    Probably  the  difference  in  conclusions 


of  observers  are  due  to  the  differences  in  other  conditions.  It  is  possible 
that  in  tropical  areas  where  tree  growth  is  rapid  and  continuous  through- 
out the  year  that  they  may  use  in  transpiration  more  water  than  is 
conserved  by  shelter  in  which  case  the  net  results  would  be  a  reduction 
in  run-off.  In  higher  latitudes  the  shelter  of  the  trees  conserves  water 
for  six  or  seven  months  and  use  in  transpiration  during  the  remaining 
part  of  the  year  is  not  great,  the  net  result  being  an  increase  of  run-off. 
Further  study  has  led  the  writer  to  believe  that  throughout  most  of 
the  Canadian  area  the  presence  of  trees  tends  to  increase  the  flow  of 
streams.  The  quotations  which  Mr.  McGavin  gives  from  Professor 
D.  W.  Mead,  can  hardly  apply  to  annual  flow  for  he  gives  a  table* 
of  run-off  and  precipitation  which  shows  run-off  for  the  Wisconsin 
river  as  being  65  per  cent  of  precipitation.  In  that  table,  the  streams 
having  partly  forested  watersheds  show  much  heavier  percentage  of 
run-off  than  the  prairie  streams.  The  lowest  percentage  given  is  for 
the  Platte  river  of  Nebraska  where  only  8  per  cent  of  the  precipitation 
is  included  in  run-off. 

In  regard  to  hedges  and  shelter  belts  for  the  prairie,  it  is  agreed 
that  they  will  use  some  water  in  their  growth,  and  conserve  some 
through  reduction  of  wind.  The  difference  of  opinion  hes  in  the 
question  as  to  which  may  be  the  greater,  but  an  important  considera- 
tion, perhaps  not  fully  recognized,  is  that  the  shelter  belt  may  be 
used  to  concentrate  moisture  from  the  snow-fall  in  a  desirable  location. 
A  plot  of  ground  enclosed  with  hedges  or  tree  belts  may  collect  snow 
from  a  large  adjoining  area  not  protected.  If  the  topography  is 
favourable,  the  water  from  the  melting  snow  may  be  held,  providing 
the  required  moisture  from  the  shelter  belt  and  a  surplus  for  crops 
on  a  small  area  or  the  filhng  of  a  small  reservoir.  The  possibility  of 
success  in  such  work  will,  of  course,  decrease  with  attempts  to  protect 
all  fields  with  hedges. 

L.  P.  RUNDLE,  M.E.I.C." 

Proper  remedies  for  drought  conditions  are  a  problem  for  science 
and  engineering,  and  the  writer  offers  the  following  suggestions : 

The  Federal  government  to  form  a  commission  consisting  of  expert 
engineers  and  scientists,  experienced  in  hydro-electric  engineering, 
forestry,  meteorology,  irrigation,  water  conservation  and  agriculture. 

This  commission  to  keep  in  touch  with  an  engineer  representative 
of  each  of  the  provinces  involved,  and  to  investigate  and  correlate  all 
scientific  and  engineering  data,  no  matter  from  what  source,  and  to 
formulate  formal  recommendations  and  to  finally  supervise  and  direct 
whatever  measures  are  decided  on. 

To  study  reclamation  works  that  have  been  completed  and  to 
exchange  ideas  with  those  bodies  who  are  now  doing  similar  works 
in  the  United  States. 

To  form  an  international  meteorological  clearing  house  for  Canada, 
the  United  States,  Mexico  and  the  Central  American  states. 

To  investigate  the  effect  of  hedge  and  tree  planting  and  the  filling 
of  sloughs  and  swamps,  of  drainage,  etc. 

To  study  the  possibilities  of  vegetation  and  long  root  grasses  that 
require  a  minimum  of  moisture  for  those  sections  that  may  be  determined 
as  being  unfitted  for  settlement  or  farming. 

To  determine  what  areas  are  not  fitted  for  agricultiu-al  purposes 
with  the  idea  of  closing  these  for  settlement  and  to  consider  the  feasibility 
of  planting  trees  in  such  areas. 

Outside  of  proved  yearly  wheat  belts,  that  is  those  not  subject  to 
drought  cycles,  to  forget  wheat  and  concentrate  on  mixed  farming  of 
a  suitable  type. 

To  study  regulations  with  the  idea  of  prohibiting  the  draiuing 
of  sloughs,  swamps,  lakes,  etc.,  with  an  extensive  study  made  of  the 
geology  of  the  drought  areas  as  it  affects  the  source  of  ground  water, 
and  the  scientific  regulation  of  the  drilling  of  wells. 

A  complete  survey  of  the  possibilities  of  the  generation,  transmission 
and  distribution  of  electric  energy  in  conjunction  with  storage  dams 
and  regulating  works  and  other  reclamation  works. 

An  inteUigent  study  of  road  design  and  engineering  to  form  part 
of  the  whole  work. 

To  formulate  standard  practices  and  uniform  legislation  among 
the  various  provinces  concerned  in  regard  to  the  handhng  of  water 
in  its  various  phases. 

To  formulate  an  intelligent  understanding  of  the  problem  by  our 
legislators  and  the  pubUc  at  large.  Where  conservation  of  water  by 
storage  dams,  etc.,  and  reclamation  of  land  by  irrigation  and  other 
means  in  our  western  drought  areas  can  be  proved  to  be  a  desirable 
national  undertaking,  the  pubUc  should  be  shown  that  any  such  projects 
properly  directed  represent  a  constructive  policy  of  social  development. 

Since  any  reclamation  work  is  a  matter  that  concerns  several 
provinces,  it  must  be  engineered  by  the  Federal  government  with  the 
help  of  the  provinces  concerned  and  a  proper  division  of  work  decided 
upon. 

The  financing  of  any  such  work  could  be  fairly  divided  between 
the  Federal  and  provincial  governments  in  proportion  as  the  work  is 
purely  Federal  in  scope  or  local  and  provincial,  though  fitting  in  as 
part  of  the  general  scheme. 


Ont 


*  On  page  65  of  Professor  Mead's  book,  "Hydrology." 
'»  Senior  Assistant  Engineer,  Welland  Ship  Canal,  St.  Catharines, 
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R.  S.  Stockton,  m.e.i.c." 

The  agricultural  utilization  of  the  dry  belt  of  Alberta  and  Saskat- 
chewan is  of  outstanding  importance  and  is  an  engineering  as  well 
as  a  farm  problem.  In  this  great  area,  nearly  400  miles  east  and  west 
and  perhaps  200  miles  wide,  there  are  millions  of  acres  of  prairie  soil 
that  have  been  broken  by  the  plough  and  continuously  farmed  for 
grain  production. 

In  many  places  one-crop  grain  farming  has  been  so  extensive  and 
continued  over  so  many  years  that  the  humus  or  vegetable  fibre  in 
the  soil  has  been  used  up  and  the  result  is  reduced  fertiUty  and  drifting 
soil.  Such  exhausted  soils  are  also  much  less  retentive  of  moisture, 
which  is  a  vital  matter  in  this  region.  Destruction  of  the  productivity 
of  large  areas  is  taking  place,  mainly  through  soil  drifting,  and  the 
most  basic  resource  of  the  country  is  being  rapidly  dissipated. 

This  problem  is  of  great  concern  for  the  future,  since  the  productive 
value  of  the  soil  is  the  foundation  on  which  the  population  may  be 
supported. 

The  problem  of  soil  drifting  extends  into  the  area  of  greater  rain- 
fall and  is  most  serious  throughout  the  great  plains  region  to  the  south, 
as  well  as  in  the  north. 

The  following  remedies  have  been  proposed: — 

(a)  Strip  farming  for  grain,  cover  crops,  and  proper  cultural 
practices  that  will  keep  the  soil  furrowed  or  rough. 

(6)  Building  up  humus  by  seeding  large  areas  to  native  and  tame 
grasses  as  a  permanent  method  of  utiUzing  the  land  and  also 
as  a  crop  rotation  with  grain. 

(c)  Carrying  a  reasonable  number  of  livestock  on  the  farms  and 
using  the  manure  to  build  up  the  soil. 

(d)  Conservation  of  the  available  run-off  water  from  all  streams 
and  rivers  and  all  drainage  areas  and  using  it,  as  far  as  possible, 
to  promote  plant  growth. 

(e)  The  planting  of  trees  and  shrubs  to  break  the  winds,  as  well 
as  for  beauty  and  for  the  timber  produced. 

(/)  The  scientific  and  careful  classification  of  the  land  for  its  best 
use.  The  division  of  the  land  into  farm  units  of  such  size 
that  a  family  can  do  well  on  them  and  adopt  the  system 
more  useful  in  each  case.  It  may  happen  that  40  acres  of 
good  irrigable  land  is  worth  as  much  as  a  township  of  desert 
or  mountain  grazing  land. 

(g)  The  introduction,  selection,  breeding  and  propagation  of  plants 
most  suitable  to  our  climate  and  conditions.  Some  wonderful 
things  have  been  accomplished  but  the  field  is  only  scratched 
along  these  lines. 

{h)  Reducing  and  adjusting  land  taxes  so  as  to  encourage  proper 
land  use  and  make  up  any  deficiency  in  necessary  tax  revenue 
by  increasing  the  tax  on  expenditure  and  dividing  this  in- 
crease, as  required. 

The  conservation  and  disposal  of  the  water  resources  of  the  coimtry 
is  largely  an  engineering  question  and  includes  a  wide  field  of  usefulness 
in  the  land  utilization. 

There  is  first,  the  proper  diversion  of  perennial  streams  for  direct 
irrigation  of  the  most  suitable  areas,  with  emphasis  on  economical  use 
and  spreading  the  water  over  large  districts,  with  maximum  production 
for  water  and  district  rather  than  maximum  yields  per  acre  irrigated 
as  the  goal. 

A  second  problem  has  to  do  with  the  construction  of  reservoirs 
to  retain  flood  water  for  irrigation  and  for  domestic  and  power  use. 
It  is  usual  to  consider  domestic  use  as  first,  irrigation  as  second,  and 

">  Manager,  Canadian  Pacific  Railway  Experimental  Farm,  Strath- 
more,  Alta. 


power  as  the  third  use,  with  some  allowance  for  riparian  rights,  unless 
these  have  been  abrogated  by  law  in  the  interest  of  the  state. 

A  third  method  of  water  conservation  consists  in  the  proper  storage 
and  utilization  of  storm  water  on  the  farms,  particularly  in  the  drier 
portions,  where  much  of  the  land  should  be  kept  in  grass  and  only 
the  choicest  portions  farmed.  In  such  districts  small  reservoirs  should 
be  built  and  the  gentle  slopes  and  depressions  protected  by  contour 
dikes  about  18  inches  to  24  inches  high  so  that  there  is  no  storm  water 
run-off  lost.  The  topography  should  be  studied  and  suitable  depressions 
converted  into  shallow  springtime  ponds  that  later  in  the  season  become 
hay  meadows. 

The  fourth  development  consists  in  digging  or  boxing  wells  wherever 
groundwater  can  be  found  to  yield  a  supply.  A  rate  of  pumping  should 
be  adopted  that  will  utiUze,  but  not  eichaust,  the  perennial  supply. 

The  recent  public  attention  to  soil  drifting,  drought  and  water 
conservation  is  most  opportune  and  will  greatly  strengthen  the  hands 
of  those  who  have  been  working  for  years  to  arouse  this  public  concern 
in  order  that  action  may  be  taken  and  our  country  saved. 

The  farmer  on  irrigated  land  does  have  some  particular  problems 
of  his  own. 

In  the  first  place,  he  must  grade,  smooth  and  ditch  his  land  for 
economical  irrigation;  he  must  see  that  water  is  appUed  to  his  crops 
at  the  right  time  and  in  approximately  the  correct  amount  and  with- 
out undue  waste.  Later  he  may  be  faced  with  seepage,  water  logging 
and  the  rise  of  alkali  which  results  in  the  loss  of  some  land  or  an  ex- 
penditure for  drainage  and  reclamation.  Many  farmers  in  a  new 
country,  such  as  this,  are  greatly  hampered  by  lack  of  capital;  some- 
times they  lack  knowledge  of  irrigation  and  in  the  semi-humid  areas 
they  often  prefer  to  follow  an  extensive  system  of  grain  farming  on  a 
dryland  smnmerfallow  system  using  irrigation  as  a  last  minute  resort 
in  a  dry  season.  This  is  a  very  crude  system  of  irrigation  farming, 
and  except  on  the  best  natiu^al  slopes,  results  in  very  moderate  returns, 
especially  as  such  farmers  are  nearly  always  late  in  irrigating.  Such 
irrigation  on  rough  land  increases  seepage  and  alkali  difficulties.  The 
best  remedy  is  a  small  farm  unit,  or  at  least  a  small  irrigable  area,  on 
which  the  operator  will  be  forced  to  strive  for  the  high  yields  and 
varied  crops  that  are  to  be  had  from  properly  irrigated  farms.  Alfalfa 
and  forage  crops  are  usually  the  basis  for  irrigation  farming,  because 
they  require  about  twice  as  much  moisture  for  maximimi  returns  as 
do  grain  crops  and  therefore  make  full  use  of  this  control  of  moisture 
in  the  soil.  Irrigation  lends  itself  to  raising  fruit,  sugar  beets  and  a 
great  variety  of  special  crops. 

The  irrigation  farmer  has  the  problem  of  co-operating  with  his 
neighbour  and  the  ditch-rider  in  order  to  secure  water  in  proper  rota- 
tion and  in  quantity  to  permit  of  rapid  and  effective  irrigation. 

The  problems  of  the  irrigation  farmer  are  closely  related  to  the 
problems  of  the  irrigation  district  or  ditch  company  and  the  operating 
staff.  There  is  not  time  to  discuss  these  problems  in  detail,  except 
to  say  that  tbey  centre  upon  the  effort  to  give  good  water  service  at 
low  set  cost  and  to  collect  the  costs  of  operation  and  maintenance 
and  pay  off  the  bonded  debt,  if  such  exists.  The  tendency  is  more 
and  more,  as  it  should  be,  to  place  operation  of  the  project  and  all 
responsibility  on  the  farmers  that  use  and  benefit  from  the  water 
delivered.  They  should  be  organized  as  an  irrigation  district  and  run 
the  irrigation  system. 

In  conclusion,  it  may  be  said  that  the  problems  of  the  farmer, 
in  general  and  as  related  to  irrigation  and  water  conservation,  which 
have  been  outlined  so  briefly  here,  do  deserve  study,  analysis  and  the 
working  out  of  practical  reforms  for  they  involve  the  development  and 
safeguarding  of  our  great  natural  resources.  A  planned  development 
based  on  technical  surveys  and  information  of  the  most  scientific  and 
complete  character  would  be  of  the  greatest  benefit  to  this  vast  region. 


Committee  on  Western  Water  Problems 

Appointed  by  Council  at  its  meeting  held  on  February  22nd,  1935. 


G.  A.  Gaherty,  m.e.i.c. — Chairman 
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Deputy  Minister  of  Mines  and  Natural  Resources, 
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Dr.  Charles  Camsell,  m.e.i.c, 
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Director  of  Water  Resources,  Alberta, 
Edmonton,  Alta. 
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Dr.  O.  O.  Lefebvre,  m.e.i.c, 

Chief  Engineer,  Quebec  Streams  Commission, 

Montreal. 

Dean  C.  J.  Mackenzie,  m.e.i.c, 
University  of  Saskatchewan, 
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The  Technical  Aspect  of  the  Western 
Drought  Problem 

The  interest  shown  by  members  of  The  Institute  in 
questions  vitally  affecting  national  welfare  was  strikingly 
shown  by  the  large  attendance  at  the  professional  session 
of  February  8th,  1935,  at  the  Annual  Meeting  in  Toronto, 
when  a  series  of  papers  on  the  water  supply  of  the  prairie 
provinces  was  presented  and  discussed.  These  papers, 
which  are  published  elsewhere  in  this  issue  of  The  Journal, 
together  with  the  discussions  thereon,  were  contributed  by 
engineers  and  technical  authorities  well  qualified  to  speak 
on  their  respective  subjects.  They  dealt  with  questions  of 
climatology,  physiography,  and  water  conservation,  rather 
than  with  the  strictly  agricultural  or  economic  features  of 
the  drought  problem.  In  fact,  the  primary  object  of 
Council  in  arranging  for  this  symposium  was  to  bring  out 
the  basic  facts  in  regard  to  the  technical  side  of  the  question, 
and  to  present  them  for  the  guidance  of  the  public  in  con- 
sidering and  appraising  the  various  schemes  of  rehabihta- 
tion  which  have  been  proposed. 

It  is  now  realized  that  a  considerable  proportion  of  the 
southern  part  of  the  prairie  provinces  consists  of  semi-arid 
land,  in  which  the  water  supply  in  normal  years  is  barely 
sufficient  for  the  staple  crop,  wheat,  and  which  is  subject 
to  recurrent  periods  of  less  than  normal,  and  greater  than 
normal,  precipitation.  A  period  of  the  former  kind  has 
now  lasted  for  some  six  years,  with  serious  consequences 
to  the  three  prairie  provinces  and  to  Canada  as  a  whole, 
and  it  is  necessary,  in  the  words  of  the  Premier  of  Manitoba, 
"to  plan  now  or  suffer  again."  Mr.  Bracken  has  pointed 
out  that  the  problem  of  drought  is  no  longer  one  for  in- 
dividual farmers  or  a  few  communities,  nor  a  problem  for 
individual  provinces  or  states,  but  is  a  matter  of  concern 
to  the  nation.  A  glance  at  conditions  in  southern  Alberta, 
southern  Saskatchewan  and  south-eastern  Manitoba  will 
show  the  magnitude  of  the  problem  in  Canada;  the  extent 
of  the  difficulty  in  the  drought  area  of  the  United  States, 


which  extends  from  the  Canadian  boundary  to  Texas,  may 
be  gauged  from  the  fact  that  the  Federal  Emergency  Relief 
Administration  appropriated  over  $500,000,000  for  relief 
measures  during  the  year  1934-35  in  that  region.  It  is 
true  that  the  rehabilitation  of  such  areas  is  essentially  an 
agricultural  question,  in  that  much  of  the  necessary  remedial 
work  will  involve  agricultural  adjustment,  chang(!S  in  farm- 
ing practice,  the  reversion  of  some  arable  land  to  pasture, 
and  possibly  even  the  abandonment  of  certain  cultivated 
areas.  These  matters  are  the  concern  of  the  agriculturist 
rather  than  the  engineer. 

The  agricultural  side  of  the  question  has  naturally 
been  given  prominence  in  addresses  by  public  men,  both 
Federal  and  Provincial,  and  in  the  many  articles  which 
have  appeared  in  the  public  press.  Mistakes  in  land  utiliza- 
tion and  development  have  been  made  in  the  past,  and  it  is 
believed  that  present  cropping  methods  need  reconsidera- 
tion and  redirection  in  the  light  of  present  knowledge. 
"Some  of  the  virgin  soils  have  been  tilled,"  says  Mr. 
Bracken,  "until  we  have  injured  their  texture.  Some  soils 
have  been  ploughed  that  should  never  have  been  broken." 
Further,  the  public  has  been  rightly  concerned  with  the 
provision  of  immediate  relief  for  the  farmers  in  the  drought 
area,  involving  aid  for  human  beings  as  well  as  for  livestock, 
and  there  has  been  a  generous  response  to  the  appeals  for 
help  which  have  been  issued. 

It  is  obvious  that  since  agriculture  in  the  west  is  depend- 
ent on  the  available  water  supply,  such  relief  measures 
and  changes  in  agricultural  policy,  however  desirable  in 
themselves  to  alleviate  present  suffering,  will  not  provide 
security  for  the  future.  For  this  purpose  the  available 
water  supply  must  be  conserved  and  utilized  to  the  best 
advantage,  and  this  is  where  the  engineer  can  help. 

There  are  those  who  believe  that  unless  proper  measures 
are  taken  without  delay,  particularly  with  reference  to  the 
conservation  of  water  and  the  limitation  of  soil- drifting, 
there  is  real  danger  that  extensive  areas  of  actual  desert 
may  develop  in  our  Canadian  west.  An  active  programme 
of  water  conservation  and  utilization  is  therefore  needed, 
and  is  receiving  attention.  In  planmng  such  a  programme 
many  technical  problems  arise,  to  solve  which  the  aid  of 
the  scientist  and  the  engineer  is  required.  In  order  that 
reliable  technical  advice  may  be  prepared,  it  is  necessary 
first  to  ascertain  the  basic  facts  as  to  the  amount  and 
nature  of  the  water  supply  available,  and,  secondly,  to 
indicate  the  lines  along  which  efforts  for  the  conservation 
and  utilization  of  that  supply  must  be  directed.  In  some 
cases  schemes  involving  extensive  engineering  works  and 
corresponding  expense  have  been  put  forward  without 
adequate  preliminary  study  by  any  qualified  persons.  In 
other  cases  projects  have  been  suggested  whose  feasibility 
seems  very  doubtful  when  they  are  examined  in  the  light 
of  technical  knowledge.  Thus  general  support  is  some- 
times secured  for  the  expenditure  of  public  money  on 
schemes  advocated  by  persons  who  have  no  idea  of  the 
engineering  and  financial  difficulties  which  their  execution 
would  involve.  It  is  in  connection  with  such  matters  that 
the  engineer  and  technical  expert  can  render  invaluable 
service  to  the  public. 

There  are  many  debatable  questions  which  arise  when 
the  water  conservation  problem  in  the  west  is  studied. 
For  instance,  to  what  extent  has  artificial  drainage  of  the 
land  contributed  to  our  difficulties  ?  During  the  past 
twenty  years  large  areas  have  been  drained  for  reclamation 
purposes  (two  million  acres  in  Manitoba).  Further,  the 
farmers  have  drained  their  land  with  a  view  of  making  it 
possible  to  commence  tillage  operations  as  early  as  possible 
in  the  spring.  The  run-off  has  also  been  increased  by  the 
drainage  operations  incidental  to  the  construction  of  high- 
ways and  railways.  To  what  extent  have  these  operations 
contributed  to  our  difficulties,  should  they  be  limited  in 
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the  future,  and  if  so,  to  what  extent  ?  As  another  example 
take  the  question  of  the  degree  to  which  the  ground-water 
supply  in  the  drought  area  is  being  depleted  or  polluted 
by  uncontrolled  well-drilling.  Is  this  a  serious  matter,  and 
if  so,  how  can  it  be  dealt  with  ? 

Again,  how  can  sufficient  water  be  made  available  for 
the  individual  farmer  in  the  dry  area  to  enable  him  to 
grow  vegetables,  raise  live  stock,  and  enjoy  a  more  com- 
fortable standard  of  living?  Is  any  general  scheme  of 
rural  water  supply  feasible,  and,  if  so,  from  what  sources 
and  over  what  areas  ? 

These  and  other  similar  questions  must  be  considered 
before  giving  detail  study  to  the  major  and  minor  water 
conservation  projects  which  have  been  proposed. 

Following  a  suggestion  made  during  the  discussion  at 
Toronto,  the  Council  of  The  Institute  has  appointed  a 
representative  committee  who  are  asked  to  follow  up  the 
work  of  the  Annual  Meeting  and  collect  relevant  data  on 
the  various  technical  aspects  of  the  subject  in  consultation 
with  engineers  who  are  in  a  position  to  give  authoritative 
information.  It  is  also  thought  that  the  committee 
should  confer  with  agriculturists,  foresters,  geologists,  me- 
teorologists and  other  experts  as  may  be  found  necessary, 
and  then  give  consideration  to  the  various  methods  of 
water  conservation  and  utilization  which  have  been  sug- 
gested. In  this  way  The  Institute  committee  can  be  of 
assistance  in  advising  as  to  those  engineering  features  of 
the  programme  for  alleviating  conditions  in  the  affected 
area  which  would  be  the  most  promising  of  success.  In 
doing  so,  those  projects  could  be  indicated  which  seem 
feasible  and  worthy  of  detailed  planning  and  investigation 
on  the  part  of  the  governmental  bodies  concerned.  The 
carrying  out  of  any  programme  based  on  such  schemes 
would  of  course  not  be  the  work  of  the  committee,  but  of 
the  technical  officers  appointed  by  the  various  governments 
for  that  purpose.  The  assistance  of  the  committee  is  being 
offered  to  the  Federal  and  Provincial  authorities,  with  the 
intimation  that  although  the  problem  is  primarily  agricul- 
tural, engineers  can  help  in  collecting  reliable  information 
and  expressing  opinions  on  those  remedial  measures  which 
involve  engineering  work  or  investigation. 


Past-Presidents'  Prize  1934-1935 

The  subject  prescribed  by  Council  for  this  competition 
for  the  prize  year  July  1st,  1934,  to  June  30th,  1935,  is 

"The  Co-ordination  of  the  Activities  of  the 
Various  Engineering  Organizations  in 
Canada." 

The  rules  governing  the  award  of  the  prize  are  as 
follows : 

The  prize  shall  consist  of  a  cash  donation  of  the  amount 
of  one  hundred  dollars,  or  the  winjier  may  select  books  or 
instruments  of  no  more  than  that  value  when  suitably 
bound  and  printed,  or  engraved  as  the  case  may  be. 

The  prize  shall  be  awarded  for  the  best  contribution 
submitted  to  the  Council  of  The  Institute  by  a  member  of 
The  Institute  of  any  grade  on  a  subject  to  be  selected  and 
announced  by  the  Council  at  the  beginning  of  the  prize  year, 
which  shall  be  July  first  to  June  thirtieth. 

The  papers  entered  for  the  competition  shall  be  judged 
by  a  committee  of  five,  to  be  called  the  Past-Presidents' 
Prize  Committee,  which  shall  be  appointed  by  the  Council 
as  soon  after  the  Annual  Meeting  of  The  Institute  as  prac- 
ticable. Members  and  Honorary  Members  only  shall  be 
eligible  to  act  on  this  committee. 

It  shall  be  within  the  discretion  of  the  committee  to 
refuse  an  award  if  they  consider  no  paper  of  sufficient  merit. 


All  papers  eligible  for  the  competition  must  be  the  bona 
fide  work  of  the  contributors  and  must  not  have  been  made 
public  before  submission  to  The  Institute. 

All  papers  to  be  entered  for  the  competition  must  be 
received  not  later  than  June  30th,  1935,  by  the  General 
Secretary  of  The  Institute,  either  direct  from  the  author 
or  through  a  local  Branch. 

Students'  and  Juniors'  Prizes 

Students  and  Juniors  of  The  Institute  are  reminded 
that  five  prizes  each  of  the  value  of  twenty-five  dollars, 
may  be  awarded  to  Students  and  Juniors  of  The  Institute 
for  the  prize  year  1934-1935  as  follows: 

The  H.  N.  Ruttan  Prize  in  the  four  Western  Provinces. 

The  John  Galbraith  Prize  in  the  Province  of  Ontario. 

The  Phelps  Johnson  Prize  for  an  English  Student  or 
Junior  in  the  Province  of  Quebec. 

The  Ernest  Marceau  Prize  for  a  French  Student  or 
Junior  in  the  Province  of  Quebec. 

The  Martin  Murphy  Prize  in  the  Maritime  Provinces. 

Papers  in  competition  for  these  prizes  must  be  received 
by  Branch  Secretaries  before  June  30th,  1935.  Further 
information  as  to  the  requirements  and  rules  may  be 
obtained  from  the  General  Secretary. 

The  Work  of  the  Committee  on  Consolidation 

The  Committee  appointed  at  the  Annual  Meeting  of 
The  Institute  held  in  Toronto  on  February  7th,  to  develop 
the  possibilities  of  consolidation  of  the  engineering  profes- 
sion in  Canada,  held  its  first  meeting  in  the  Royal  York 
Hotel,  Toronto,  on  the  evening  of  February  8th.  This 
meeting  was  attended  by  the  President,  four  members  of 
the  Committee  and  representatives  from  several  provinces. 
Gordon  McL.  Pitts,  a.m.e.i.c,  was  appointed  chairman  of 
the  Committee,  and  Robert  F.  Legget,  a.m.e.i.c,  secretary, 
and  there  was  a  general  discussion  of  the  procedure  to  be 
followed  by  the  Committee. 

A  further  meeting  was  held  in  Montreal  on  February 
16th,  at  which  the  programme  of  the  Committee  was  con- 
sidered, and  Professor  R.  E.  Jamieson,  m.e.i.c,  was  added 
to  its  number.  It  was  decided  that  a  letter  be  issued  to  the 
Secretaries  of  the  Branches  of  The  Institute  and  of  the 
Professional  Associations,  advising  them  of  the  functions 
and  programme  of  the  Committee,  together  with  a  review 
of  the  action  taken  by  the  various  Branches  and  Associa- 
tions throughout  Canada  on  the  matter  of  consolidation. 

The  chairman  and  secretary  of  the  Committee  were 
invited  to  attend  a  meeting  of  Council  held  at  headquarters 
on  Friday,  February  22nd,  at  which  time  the  proposals  of 
the  Committee  were  explained  to  the  Council  and  its 
progress  to  date  reviewed. 

The  third  meeting  of  the  Committee  was  held  in 
Montreal  on  March  1st,  and  Dr.  0.  Lefebvre,  m.e.i.c,  was 
added  to  its  membership.  It  was  reported  that  the  bro- 
chure on  the  "Proposed  Consolidation  of  the  Engineering 
Profession  in  Canada"  had  been  distributed  to  all  the 
members  of  The  Institute,  with  a  covering  letter  explaining 
that  its  purpose  was  to  provide  a  basis  for  discussion.  It 
was  decided  that  the  Committee  should  circulate  as  widely 
as  possible  all  suggestions  or  criticisms  that  they  may 
receive  from  various  engineering  organizations,  with  the 
idea  of  crystallizing  a  majority  opinion  into  a  workable 
scheme  for  presentation  to  The  Institute. 

The  letters  suggesting  a  general  method  of  procedure 
in  the  consideration  of  this  question,  together  with  a 
report  on  the  resolutions  on  this  subject  from  the  various 
engineering  bodies  throughout  Canada,  and  a  chart  indicat- 
ing the  organization  of  the  Provincial  Committees  for 
discussion  and  suggestions,  have  gone  forward.     Replies 
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to  the  above  indicate  that  Nova  Scotia  already  has  a  Joint 
Committee  on  Amalgamation,  and  has,  by  an  almost 
unanimous  vote,  made  a  definite  move  toward  the  setting 
tip  of  one  engineering  oi'ganization  in  that  province  which 
will  include  members  of  the  Branches  of  The  Institute  and 
of  the  Professional  Associations. 

In  New  Brunswick  the  Professional  Association  has 
gone  on  record  as  being  in  favour  of  consolidation,  and  the 
Annual  Meeting  of  the  Saint  John  Branch  will  be  held  on 
May  9th,  at  which  time  their  action  on  this  matter  will  be 
considered. 

In  Quebec  The  Institute  Branches  in  Montreal  and 
the  city  of  Quebec  have  passed  resolutions  favouring  con- 
solidation. The  Saguenay  Branch  has  expressed  itself  as 
favouring  such  action.  The  Annual  Meeting  of  the  Cor- 
poration of  Professional  Engineers  of  the  Province  of 
Quebec  held  on  March  27th,  received  the  unanimous 
report  of  a  Committee  which  took  the  form  of  a  resolution 
to  the  meeting  favouring  co-ordination  of  the  various 
engineering  bodies  in  Canada  with  The  Institute  func- 
tioning as  the  national  organization.  This  motion  was 
passed  with  few  dissenting. 

In  Ontario,  organization  work  has  been  slower,  but  the 
sentiment  expressed  is  strongly  in  favour  of  the  principle  of 
consolidation  and  definite  approval  of  that  principle  has 
been  received  from  the  Border  Cities  Branch,  the  Hamilton 
Branch  and  the  Ottawa  Branch. 

In  Manitoba,  the  attitude  of  the  profession  towards 
consolidation,  as  reflected  in  the  recent  referendum,  is  well 
known,  and  the  Winnipeg  Branch  has  recently  appointed 
a  Committee  of  five,  to  represent  them  in  discussions  on 
this  subject. 

In  Saskatchewan,  probably  greater  progress  has  been 
made  than  in  any  other  province  with  the  exception  of 
Nova  Scotia,  antl  a  Joint  Committee  has  already  been 
formed  under  the  chairmanship  of  D.  A.  R.  McCannel, 
M.E.I. c,  who  is  also  a  member  of  the  Associations'  Com- 
mittee of  Eight  and  appointee  to  the  Central  Committee  on 
Consolidation.  The  Saskatchewan  Branch  went  on  record 
on  March  22nd,  as  being  in  favour  of  a  national  engineering 
body  to  represent  the  whole  engineering  profession  in 
Canada. 

In  Alberta,  the  Lethbridge  Branch  are  strongly  in 
favour  of  consolidation  and  the  other  organizations  in  that 
province  have  indicated  that  they  have  this  matter  under 
consideration.  The  Calgary  Branch  of  The  Institute  has 
just  appointed  a  Committee  of  five  on  consolidation  under 
the  convenership  of  Mr.  R.  S.  Trowsdale,  a.m.e.i.c. 

With  regard  to  British  Columbia,  the  Victoria  Branch 
of  The  Institute  has  passed  a  resolution  strongly  in  favour 
of  consolidation  between  The  Engineering  Institute  of 
Canada  and  the  various  Provincial  Associations  of  Profes- 
sional Engineers. 

Mr.  R.  F.  Legget,  the  secretary  of  the  Committee,  has 
just  returned  from  a  two  weeks'  trip  to  the  Maritime 
Provinces,  during  which  he  visited  Moncton,  Cape  Breton, 
Halifax  and  Saint  John.  He  reports  the  Maritime  Provinces 
strongly  in  favour  of  consolidation. 

The  Committee  urgently  requests  every  Branch  to 
meet  as  promptly  as  possible  to  discuss  this  question  and 
to  form  their  Joint  Committees  to  co-operate  with  the 
central  Conunittee,  and  to  forward  their  suggestions  and 
criticisms  for  circulation  to  other  bodies,  and  otherwise  to 
maintain  a  constructive  consideration  of  this  important 
matter  so  that  a  decision  may  not  be  delayed  and  that  the 
provinces  may  be  in  a  position  to  act  concurrently. 

The  (committee  solicits  the  co-operation  of  members  of 
The  Institute,  individually  and  collectively,  in  the  best 
interests  of  the  profession  throughout  Canada. 


E.I.C.  Prizes  for  Canadian  Engineering 
Colleges 

At  the  February  meeting  of  Council  it  was  decided  to 
renew  for  a  further  period  of  five  years  The  Engineering 
Institute  of  Canada  Prizes,  which  The  Institute  has  given 
during  the  last  five  years  to  eleven  of  the  principal  en- 
gineering schools  in  the  country.  Council  has  received 
letters  of  appreciation  regarding  the  award  of  these  prizes, 
which  have  a  value  of  Twenty-Five  dollars  each,  and  are 
offered  annually  for  competition  among  the  registered 
students  in  the  year  prior  to  the  graduating  year  in  the 
following  universities  and  colleges: 

University  of  Alberta 
University  of  British  Columbia 
Ecole  Polytechnique,  Montreal 
University  of  Manitoba 
McGill  University 
University  of  New  Brunswick 
Nova  Scotia  Technical  College 
Queen's  University 
Royal  Military  College 
University  of  Saskatchewan 
University  of  Toronto 


Meeting  of  Council 

A  meeting  of  the  Council  of  The  Institute  was  held  at 
Headquarters  on  Tuesday,  March  19th,  1935,  at  eight 
o'clock  p.m.,  with  President  F.  A.  Gaby,  m.e.i.c,  in  the 
chair,  and  twelve  other  members  of  Council  present. 

Discussion  took  place  on  the  proposals  which  have 
been  made  in  Nova  Scotia  for  the  closer  union  of  the 
Association  of  Professional  Engineers  of  Nova  Scotia  and 
The  Institute  branches  in  Nova  Scotia,  during  which  it 
was  pointed  out  that  the  problem  of  co-ordination  of  the 
engineering  profession  in  Canada  was  referred  by  the  last 
Annual  Meeting  to  a  committee  under  the  chairmanship 
of  Mr.  Gordon  McL.  Pitts,  a.m.e.i.c.  The  Secretary  was 
directed  to  draw  the  attention  of  The  Institute  branches 
in  Nova  Scotia  to  this  fact,  and  to  place  such  information 
as  is  available  regarding  the  situation  in  Nova  Scotia  in 
the  hands  of  Mr.  Pitts'  committee. 

The  membership  of  the  committee  appointed  by  Coun- 
cil to  develop  activities  in  The  Institute  of  interest  to  com- 
munication engineers,  as  submitted  by  Professor  Wallace, 
was  approved  as  follows,  it  being  noted  that  additional 
names  would  be  submitted  at  a  later  date: 

G.  A.  Wallace,  a.m.e.i.c,  Chairman. 

J.  L.  Clarke,  m.e.i.c. 

S.  T.  Fisher,  Jr.E.i.c. 

W.  A.  Steel 

J.  H.  Thompson,  a.m.e.i.c. 

H.  J.  Vennes,  a.m.e.i.c. 

Letters  were  noted  from  the  deans  of  the  engineering 
schools  in  the  several  Canadian  universities  expressing 
appreciation  of  Council's  action  in  continuing  the  award 
of  The  Engineering  Institute  of  Canada  Prizes  for  a  further 
period  of  five  years. 

It  was  noted  that  the  following  members  of  The 
Institute  had  been  asked  to  serve  on  the  committee  ap- 
pointed by  Council  to  give  further  consideration  to  the 
study  of  the  western  water  problem: 

C.  H.  Attwood,  a.m.e.i.c,  Winnipeg,  Man. 
Dr.  Charles  CamseD,  m.e.i.c,  Ottawa,  Ont. 
L.  C.  Charlesworth,  m.e.i.c,  Edmonton,  Alta. 
Dr.  T.  H.  Hogg,  m.e.i.c,  Toronto,  Ont. 
Dr.  O.  O.  Lefebvre,  m.e.i.c,  Montreal,  Que. 
Dean  G.  J.  Mackenzie,  m.e.i.c.  Saskatoon,  Sask. 
....  S.  G.Porter,  M.E.I.C,  Calgary,. Alta. 
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The  membership  of  the  Library  and  House  Committee  Transferred  from  the  class  of  Associate  Member  to  that  of 

was  approved  as  follows:  Member 

E.  A.  Ryan,  m.e.i.c,  Chairman.  BENNETT,  Harry  Frederick,   B.Sc,    (Univ.  of  N.B.),  district 
J.  L.  Clarke,  m.e.i.c.  engr.,  Dept.  of  Public  Works  of  Canada,  Sault  Ste.  Marie,  Out. 

F.  E.  V.  Dowd,  A. M.E.I.C.  LINTON,  Adam  Pearce,  B.A.Sc,  (Univ.  of  Toronto),  chief  bridge 
W.  G.  Hunt,  M.E.I.C.  engr.,  Dept.  of  Highways  of  Sask.,  Regina,  Sask. 

_              .    '     '.      „  '  o/  i        ,        ,   T     •      ,  T^  •  Transferred  from  the  class  of  Junior  to  that  of 

ihe  exammers  tor  the  btudents    and  Juniors    rrizes  Associate  Member 

were  appointed  as  follows:  CARRUTHERS,    Clarence    D.,    B.A.Sc,    (Univ.    of    Toronto), 

H.  N.  Ruttan  Prize E.  V.  Caton,  m.e.i.c.  Chairman.  designer  and  dftsman.,  for  Gordon  L.  Wallace,  a.m.e.i.c,  Toronto,  Ont. 

H.  R.  Webb,  a.m.e.i.c.  DAVIDSON,  John  Knox,  B.Sc,  (Univ.  of  St.  Andrews,  Scotland), 

A.  S.  Wootton,  m.e.i.c.  a.m.i.c.e.;  chief  engr.,  Electric  Reduction  Co.  Ltd.,  Buckingham,  Que. 

John  Galbraith  Prize E.  G.  Cameron,  a.m.e.i.c,  Chairman.  GRAHAM,  Walter  White,  B.Sc,  (McGill  Univ.),  elect'l.  designer, 

F.  W.  Paulin,  m.e.i.c.  Shawinigan  Engineering  Company,  Montreal,  Que. 

A.  E.  Pickering,  m.e.i.c.  LAIDLAW,    Douglas    Staimton,    B.A.Sc,    (Univ.    of    Toronto), 
Phelps  Johnson  Prize P.  L.  Pratley,  m.e.i.c,  Chairmav.  struct'l.  engr.,  in  partnership  with  Catto  &  Catto,  architects,  Toronto, 

C        Ij      lirO'W^Tl      \f   F*   T    O  v-'Il  V. 

e!  a!  Ryan   m.e  i  c  LOVETT,  Percy  Arthur,  B.Sc,  (N.S.  Tech.  CoU.),  consltg.  engr. 

T.-.        .  i>,r             u-                       1    xj   M       ',.'"'             ,,,    .  and  sec  treas..  Engineering  Service  Co.  Ltd.,  Halifax,  N.S. 

Ernest  Marceau  Prize A.  B.  Normandin,  m.e.i.c,  Cnairmari.  >       a             a                              >               > 

H.  Cimon,  m.e.i.c  Transferred  from  the  class  of  Student  to  that  of 

B.  Grandmont,  a.m.e.i.c  Associate  Member 

Martin  Murphy  Prize A.  Gray,  m.e.i.c,  Chairman.  ARMSTRONG,  Owen  Fred  Calder,  B.Sc,  (N.S.  Tech.  Coll.),  asst. 

Tj'  a    t'^u     f'  '*^*'-^'-^-  to  gen.  employment  supervisor,  gen.  traffic  dept.,  Bell  Telephone  Com- 

H.  fe.  Johnston,  M.E.I.C  ^^^^^  ^^  Canada,  Montreal,  Que. 

Discussion    took    place   on   the   general    policy   to    be  COSTIGAN,  James  Percival  McDougall,  B.Sc,  (McGill  Univ.), 

pursued  in  the  case  of  members  in  arrears  or  on  the  Non-  '""S''vT?Tb«^^''^wir  S°"  Limited^  Montreal,  Que 

K    .■       -r  •  .  HURST,  Wuliam  Donald,  B.Sc,  (Univ.  of  Man.),  CE.,  (Virginia 

Active  ElSt.                           ^  Polytechnic  Inst.),  asst.  engr.   (in  charge  of  water  works  operating 

Consideration  was  given  to  a  request  from  the  Calgary  branch),  City  of  Winnipeg,  Man. 

Branch  that  the  pajniient  for  branch  news  in  The  Journal  SCANLAN  Jeremiah  Joseph  Ren6,  B.Sc,  (McGill  Univ.),  engr., 

be  resumed,  but  on  a  report  from  the  Finance  Committee  ^^^Iton  Hersey  Co.  Ltd.,  Montreal,  Que. 

it  was  decided  that  such  payments  could  not  be  resumed  Transferred  from  the  class  of  Student  to  that  of  Junior 

as  yet.  LEWIS,  Edmund  Keith,  B.Sc,  (N.S.  Tech.  Coll.),  in  charge  of 

A  number  of  suggested  revisions  to  the  Niagara  Penin-  meter  dept..  Imperial  Oil  Refinery,  Dartmouth,  N.S. 

sula  Branch  By-laws  were  noted  and  approved.  STRIOWSKI,  John  Benjamin,  B.Sc,  (Univ.  of  Man.),  257  Bever- 

Twelve  resignations  were  accepted,  a  number  of  mem-  ^*^y  %'tA^^'^?A^I>'  ¥^"'         t-.    •  i   n  a      /m  c  t    v    n  n  \ 

,                        ,        '^          iu      AT        A    i.-        T  •  i.                 1            -1  WICKWIRE,  Lawrence  David,  B.Sc,  (N.S.  Tech.  Coll.),  engrg. 

bers  were  placed  on  the  Non-Active  List,  several  special  jftsman.,  Mersey  Paper  Company,  Liverpool,  N.S. 

cases  were  considered,  one  member  was  reinstated,  and  one  „     ,          .  ,    .      , 

member  placed  on  the  Life  Membership  List.  Students  Admitted 

A  number  of  applications  for  admission  and  for  transfer  rM.,nfrS?^ue*^"^"  Bartlett,   (McGill  Univ.),  3609  University  St., 

were  considered,  and  the  following  elections  and  transfers  '"  BEACHl^John  Edward,  (Univ.  of  Alta.),  10957-90th  Ave.,  Edmon- 

were  effected:  ton,  Alta. 

Elections                                                Transfers  BEATH,  Laurence  Raymond,  (McGill  Univ.),  1492  Bishop  St., 

Members 3         Assoc.  Member  to  Member ...     2  Montreal,  Que. 

Associate  Members 6        Junior  to  Assoc  Member 5  BURKE,  Eric  Vincent,  (Memorial  University  College),  38  Bon- 

AfBIiate 1         Student  to  Assoc.  Member ....     4  aventure  Ave.,  St.  John's,  Nfld. 

Students  admitted 24        Student  to  Junior 3  CHEESEMAN,  Edgar  W.,  (Memorial  Univ.  Coll.),  66  Fleming 

^,      ^           .,                    ,            n,.  St.,  St.  John's,  Nfld. 

The  Council  rose  at  eleven  fifteen  p.m.  DOBSON-SMITH,  Charles  Fredrick,  (Univ.  of  Man.),  Dundurn 

C'amp.,  Dundurn,  Sask. 

ELECTIONS  AND  TRANSFERS  MonSS^Qt^'  ^''^^'"  ^'  ^''  ^^'^'*'  ^''''^'^'  ^^^^  ^^^'^^^  ^*" 

At  the  meeting  of  Council  held  on  March  19th,  1935,  ERICKSON,  Martin  Adolph,  (Queen's  Univ.),  27  Clergy  Street 

the  following  elections  and  transfers  were  effected:  ^^^^t^IFt^It^S^^'tP^Sj  ^  u    ^  -o  a     /mo  r^   v  r^  „%  r,      ■  i    ivi  o 

°  FRIZZLE,  Harold  Robert,  B.Sc,  (N.S.  Tech.  Coll.),  Berwick,  N.S. 

Members  GODDEN,  Charles  J.,  (Memorial  Univ.  Coll.),  55  Cochrane  St., 

DUFRESNE,  Alphonse  Olmer,  B  A.Sc.    M.E.    (Ecole  P^^^  '    GORDON,' John  Edward,    (Queen's  Univ.),   113  King  St.   W., 

que,  Montreal),  B.Sc,  M.Sc,  (McGill  Univ.),  director,  Quebec  Bureau  Dundas  Ont 

"^  Mines   Quebec,  Que.                      r,  q       ,r^         .    tt  •    ^         *     u-  *•  INNES,"Edward  Patrick  N.,  B.Eng.,  (McGiU  Univ.),  56  Charlton 

MARTINEAU,  Joseph  Omer,  B.Sc,  (Queen's  Univ.),  asst.  chief  ^^g   ^    Hamilton   Ont 

^"^"■■iRf^^AV^^AS^u^'  *^"^^^a'c9"^^  IP     .17    ,    T,  ,^    V,   •          A,t     .  "KENT,  A.  Douglas',  (Queen's  Univ.),  148  Barrie  St.,  Kingston, 

PARADIS,  Alphonse,  B.A.Sc,  C.E.,  (Ecole  Polytechnique,  Mont-  Q^t                              &     >  ^-^                      />                            i         &        i 

real),  chief  engr.,  Dept.  of  Roads,  Quebec,  Que.  'McDONALD,  Alexander  John,  (Queen's  Univ.),  537  Albert  St., 

Associate  Members  MOAKLER,  John  J.,  (Memorial  Univ.  Coll.),  11  Maxse  St.,  St. 

COXWORTH,  Thomas  Walker,  B.Sc,  (Univ.  of  Man.),  asst.  engr.,  John's,  Nfld. 

McClintic  Marshall  Corpn.,  Chicago,  111.  MORRIS,  S.  Rupert,  (Memorial  Univ.  Coll.),  Trinity,  Nfld. 

GAGNON,  Ludger,  B.A.Sc,  C.E.,  (Ecole  Polytechnique,  Mont-  POWELL,  Robert  M.,  (R.M.C.),  290  Coltrin  Road,  Rockcliffe, 

real),  asst.  city  engr.,  Quebec,  Que.  Ottawa,  Ont. 

GALE,  Melvin  Lambeth,  B.Sc,  (Univ.  of  Alta.),  assessor,  Province  PARSONS,  Clarence  Walter,  (Memorial  Univ.  Coll.),  Bell  Island, 

of  Alberta,  12021-97th  Street,  Edmonton,  Alta.  Nfld. 

HESLOP,  Wilfrid  Gibson,  B.A.Sc,  (Univ.  of  Toronto),  P.O.  Box  REES,  Frederic,  (Memorial   Univ.  Coll.).  Bell  Island,  Nfld. 

196,  Kirkland  Lake,  Ont.  SCHEAR,  Philip  Maurice,  (McGill  Univ.),  4215  St.  Urbain  St., 

MATTHEWS,  Samuel,  B.Sc,   (Univ.  of  Sask.),  ceramic  engr.,  Montreal,  Que. 

Dominion  Fire  Brick  &  Clay  Products,  Ltd.,  Moose  Jaw,  Sask.  SMITH,  Owen  Leonard,  (Memorial  Univ.  Coll.),  Angle  Brook, 

SCRYMGEOUR,   Donald   Stuart,    (Royal  Technical   Institute),  Glovertown,  Nfld. 

chief  dftsman.,  London  Structural  Steel  Co.  Ltd.,  London,  Ont.  SOLES,  William,  (Queen's  Univ.),  Rock  Island,  Que. 

.  ^, .  ,  TATHAM,  William  Carlyle,  (McGill  Univ.),  3647  University  St., 

Affi-hate  Montreal,  Que. 

MacFARLANE,  Peter  William,  supt.  engr.,  bldgs.  and  grounds,  YORK,  Frederick  Gilbert,  (McGill  Univ.),  1441  Drummond  St., 

McGill  University,  Montreal,  Que.                                              Montreal,  Que. 
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OBITUARIES 

Frederick  Young  Harcourt,  M.E.I.C. 

We  regret  to  announce  the  death  of  Frederick  Young 
Harcourt,  m.e.i.c,  at  London,  Ontario,  on  February  14th, 
1935. 

Mr.  Harcourt  was  born  at  Welland,  Ontario,  on  July 
31st,  1879,  and  graduated  from  the  University  of  Toronto 
with  the  degree  of  B.A.  in  1900,  and  from  the  School  of 
Practical  Science  in  1903. 

Following  graduation  he  was  until  1905  rodman  and 
instrumentman  and  chief  of  field  party  with  the  Ontario 
Power  Company  at  Niagara  Falls,  Ont.  In  1905-1907  he 
was  on  the  Georgian  Bay  canal  survey  as  instrumentman, 
and  in  1907  he  entered  the  service  of  the  Department  of 
Public  Works,  Canada,  as  senior  assistant  engineer  of  the 
Port  Arthur  district.  In  1911-1915  Mr.  Harcourt  was 
tUstrict  engineer  of  the  same  district,  and  from  1915  to 
1919  served  overseas,  returning  to  the  same  position  at 
the  end  of  the  war.  From  1921  to  1930  he  was  district 
engineer  for  the  Department  of  Public  Works  of  Canada 
of  the  Port  Arthur  and  Fort  William  districts,  and  in  1930 
he  was  transferred  to  London,  Ontario,  where  he  was  in 
charge  of  the  district  until  the  time  of  his  death. 

Mr.  Harcourt  joined  The  Institute  as  a  Member  on 
May  22nd,  1922,  and  took  a  keen  interest  in  Institute 
affairs,  having  been  elected  a  Councillor  representing  the 
Lakehead  Branch  in  1930,  and  served  on  the  Executive 
committee  of  the  London  Branch. 

Joseph  O.  Bonin,  A.M.E.I.C. 

Regret  is  expressed  in  placing  on  record  the  death  at 
Cedars,  Que.,  of  Joseph  O.  Bonin,  a. m.e.i.c. 

Mr.  Bonin  was  born  at  Lanoraie,  Que.,  on  July  29th, 
1879,  and  graduated  from  Laval  University  with  the  degree 
of  B.A.  in  1902. 

In  1904  Mr.  Bonin  was  rodman  with  the  Canadian 
Pacific  Railway  Company  and  in  1905-1906  was  leveller 
with  the  New  Canadian  Company,  being  engaged  on  rail- 
way construction  in  summer  and  surveys  in  winter.  In 
1907-1908  Mr.  Bonin  was  again  with  the  Canadian  Pacific 
Railway  Company,  as  transitman  on  grade  reduction,  and 
in  1909-1910  he  was  resident  engineer  on  railway  construc- 
tion with  the  New  Canadian  Company.  In  the  following 
year  he  was  with  the  Bishop  Construction  Company  as 
contractors'  engineer.  For  over  twenty  years  Mr.  Bonin 
has  been  located  at  Cedars,  Que. 

He  became  a  Student  of  The  Institute  on  October  12th, 
1905,  and  on  May  11th,  1912,  transferred  to  the  class  of 
Associate  Member. 

Alfred  Boydell  Lambe,  A.M.E.I.C. 

It  is  with  regret  that  we  have  to  record  the  death  of 
Alfred  Boydell  Lambe,  a. m.e.i.c,  at  Ottawa,  Ont.,  on 
March  15th,  1935. 

Mr.  Lambe  was  born  at  Toronto,  Ont.,  on  February 
9th,  1873,  and  received  his  early  education  at  the  Wood- 
stock College  where  he  took  a  science  course,  later  taking 
a  student's  course  with  the  Canadian  General  Electric  Com- 
pany at  Peterborough,  Ont. 

From  1895  to  1896  Mr.  Lambe  was  superintendent  and 
engineer  with  the  Peterborough  Street  Railway,  and  in  the 
following  year  was  assistant  chief  engineer  with  the  London 
Street  Railway.  In  1897-98  he  was  superintendent  and 
engineer  with  the  Lima  (Ohio)  Street  Railway  and  from 
that  time  until  1903  was  engaged  on  designing,  estimating 
and  constructing  electric  plants  of  all  descriptions  as 
assistant  to  the  chief  engineer  of  the  Canadian  General 
Electric  Company.  From  1903  to  1909  Mr.  Lambe  was 
supply  department  engineer  with  the  same  company,  and 
in  1909  he  became  manager  and  engineer  of  the  company's 
Winnipeg  district.    In  1911  Mr.  Lambe  became  assistant 


to  the  chief  electrical  engineer  with  the  Department  of 
Inland  Revenue,  Ottawa,  and  in  1919  he  was  with  the 
Dominion  Power  Board.  In  1925  he  became  attached  to 
the  Dominion  Water  Power  Branch  of  the  Department  of 
the  Interior,  Ottawa. 

Mr.  Lambe  was  widely  known  in  electrical  circles 
throughout  Ontario,  and  was  very  active  in  the  affairs  of 
the  Association  of  Professional  Engineers  of  the  Province 
of  Ontario,  having  been  president  of  the  Association  in 
1933. 

Mr.  Lambe  joined  The  Institute  as  an  Associate  Mem- 
ber on  April  8th,  1911.  He  took  a  keen  interest  in  Institute 
affairs,  and  was  a  member  of  the  Executive  committee  of 
the  Ottawa  Branch  in  the  year  1922-1923. 

PERSONALS 

C.  W.  Deans,  s.E.i.c,  is  now  connected  with  the  West- 
ern Bridge  C^ompany,  Vancouver,  B.C.  Mr.  Deans  grad- 
uated from  the  University  of  British  Columbia  in  1930  with 
the  degree  of  B.A.Sc,  and  in  1933  received  the  degree  of 
M.Sc.  from  Iowa  State  College. 

Lawrence  H.  Annstrong,  a. m.e.i.c.  Science  1922,  Mc- 
Gill  University,  son  of  Professor  Henry  F.  Armstrong, 
sailed  on  March  30th  on  the  S.S.  Southern  Cross  for  Rio 
de  Janeiro,  Brazil,  where  he  will  be  employed  on  special 
work  by  the  Brazilian  Telephone  Company. 

Mr.  Armstrong  was  for  eight  years  with  the  Inter- 
national Telephone  and  Telegraph  Corporation  in  Cuba 
and  Spain,  most  of  which  time  was  spent  on  toll  transmission 
work,  and  the  last  two  years  on  trans-Atlantic  radio 
telephone  development. 

E.  L.  Dilworth,  a. m.e.i.c,  of  the  Canadian  Blower  and 
Forge  Company  Limited,  has  been  transferred  to  the 
company's  head  office  in  Kitchener,  Ont.,  as  assistant  sales 
manager  for  the  company  and  its  associate,  Canada  Pumps 
Limited.  Mr.  Dilworth  graduated  from  Queen's  University 
in  1925  with  the  degree  of  B.Sc,  and  was  subsequently 
with  the  Buffalo  Forge  Company  at  Buffalo,  N.Y.  He 
returned  to  Canada  in  1926,  and  in  1927  took  charge  of 
the  Montreal  office  of  the  Canadian  Blower  and  Forge 
Company  Limited,  holding  that  position  until  recently. 

CORRESPONDENCE 

The  Editor,  Toronto,  February  26th,  1935. 

The  Engineering  Journal, 
2050  Mansfield  Street, 
Montreal,  Que. 
Dear  Sir: — ■ 

At  the  recent  annual  meeting  of  The  Institute  in  Toronto  Mr.  J.  B. 
Carswell,  m.e.i.c,  in  his  luncheon  address,  introducing  the  discussion 
on  the  "Status  of  the  Engineer,"  made  some  very  pertinent  and  timely 
observations  which  merit  more  attention  than  they  received  in  the 
subsequent  discussions. 

Mr.  Carswell  in  a  courageous  and  forceful  speech  pointed  out  that 
The  Institute  is  devoting  all  its  time  to  routine  matters  and  the  dis- 
cussion of  technical  subjects.  It  is  neglecting  entirely  to  interest  itself 
in  the  general  affairs  of  the  community.  It  offers  no  opinion,  for 
example,  on  such  matters  of  urgent  national  importance  as  the  railway 
problem;  unemployment  insurance;  relief  work  and  other  similar 
matters  on  which  the  government  seeks  and  needs  guidance  and  advice. 

He  urged  a  change  in  policy  which  would  enable  The  Institute  to 
act  as  the  mouthpiece  of  the  engineering  profession  in  such  matters ;  and 
he  expressed  the  opinion  that  the  resulting  enlargement  of  "the  stature" 
of  the  engineer  in  the  public  eye  would  automatically  effect  an  im- 
provement in  the  status  of  the  engineer  in  industry,  in  the  public 
service  and  in  private  practice. 

Unfortunately  the  reading  and  discussion  of  the  three  subsequent 
papers  left  no  time  for  adequate  comment  on  Mr.  Carswell's  introduc- 
tion. It  would  be  unfortunate  if  his  challenging  and  thought  provokin? 
utterances  were  allowed  to  pass  without  further  discussion.  I  would 
suggest,  therefore,  that  through  the  medium  of  The  Journal,  members 
would  be  invited  to  express  their  views  on  this  important  subject,  which 
has  a  direct  bearing  on  the  declining  influence  uf  The  Engineering 
Institute  of  Canada  in  recent  years. 

Unquestionably  members  of  the  engineering  profession  do  not 
occupy  the  same  position  nor  wield  the  same  influence  in  public  affairs 
as  do  the  members  of  other  professions.    A  cursory  glance  at  the  con- 
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stitution  of  the  present  House  of  Commons  at  Ottawa — or  indeed  the 
constitution  of  any  national  or  local  government  body — will  indicate  the 
negligible  representation  of  our  profession  in  public  life. 

Admittedly,  the  nature  of  the  engineer's  work,  and  the  fact  that 
so  many  engineers  are  employed  directly  or  indirectly  by  public  bodies, 
railways,  public  utilities,  universities  and  large  corporations,  make 
individual  participation  in  public  life  impracticable  for  most  of  us. 

Is  it  not  therefore  all  the  more  necessary  to  have  a  strong  corporate 
body,  fully  cognisant  of  the  views  of  engineers,  and  capable  of  presenting 
and  advocating  the  considered  opinion  of  the  engineering  profession  on 
questions  of  the  day  ? 

When  any  matter  of  great  public  concern  is  attracting  the  attention 
of  the  country,  it  is  customary  for  Boards  of  Trade,  Chambers  of 
Commerce,  Manufacturers'  Associations,  Agricultural  Organizations, 
and  similar  bodies  to  convey  their  views  to  the  government. 

Engineers,  however,  remain  inarticulate  because  they  have  no 
mouthpiece  through  which  they  can  speak,  and  yet  by  the  nature  of 
their  work  engineers  are  brought  into  intimate  contact  with  every 
branch  of  human  activity — production — distribution- — consumption. 
Surely  they  should  have  something  useful  to  contribute  towards  the 
solution  of  the  problems  that  threaten  our  social  structure — and  surely 
The  Engineering  Institute  of  Canada  should  lead  the  way. 

To  the  average  member,  I  venture  to  think.  The  Institute  has 
ceased  to  be  a  live  entity — and  we  have  ourselves  to  blame.  With  most 
of  us  our  interest  starts  and  finishes  with  a  perfunctory  attendance  at 
a  few  meetings  during  the  winter  months,  when  we  listen  to  the  reading 
and  discussions  of  technical  papers  which  could  generally  be  more 
effectively  presented  in  The  Journal  or  in  the  technical  press. 

Apart  from  that— there  is  little  to  stimulate  interest — httle  social 
intercourse — no  political  aspirations- — no  contact  with  public  affairs— 
none  of  those  human  relations  which  are  so  necessary  to  build  up  and 
sustain  an  interest  in  any  objective — and  which  have  been  instru- 
mental in  raising  other  professional  men  to  their  higher  standing  in  the 
community. 

However,  if  The  Institute  will  arouse  itself  from  its  torpor,  give 
ear  to  the  demands  of  changing  conditions,  and  step  out  from  within 
the  bounds  of  professional  reticence,  I  am  convinced  that  it  can  be 
made  useful  and  influential,  not  only  professionally  but  also  nationally. 

Mr.  Carswell  has  indicated  the  first  step.    Let  us  take  it. 
Yours  truly, 

(Signed)  W.  E.  P.  Duncan,  a.m.e.i.c. 

REGENT  ADDITIONS  TO  THE  LIBRARY 

Proceedings,  Transactions,  etc. 

Society  of  Naval  Architects  and  Marine  Engineers: 

Transactions  1933,  Volume  41,  and  1934,  Volume  42. 

American  Society  of  Mechanical  Engineers: 
Transactions  1934.    Volume  56. 

Reports,  etc. 

Canada  Depl.  of  Labour:  Trade  Union  Law  in  Canada. 

Ontario,  Bureau  of  Mines: 

Bulletin  No.  98,  Preliminary  Report  on  the  Mineral  Production  of 
Ontario  in  1934. 

Quebec,  Province:  Statistical  Year  Book  1934. 

Quebec  Bureau  of  Mines: 

PreUminary  Statement  on  the  Mineral  Production  of  the  Province 
during  the  year  1934. 

Saint  John  Harbour  Commission:  Annual  Report,  1934. 

Rational  Calendar  Association  of  Canada:  Canada  and  the  Calendar. 
Technical  Books,  etc.,  Received 

The  Working,  Heat  Treating  and  Welding  of  Steel,  by  H.  L.  Campbell. 
{John  Wiley  and  Sons,  New  York.) 

Mechanics,  a  text-book  for  Engineering  Students,  by  Frank  Gardener. 
(Oxford  University  Press.) 

The  Elements  of  Specification  Writing,  by  R.  S.  Krby.     (John  Wiley 
and  Sons.) 

The  End  of  an  Era,  by  L.  K.  Sillcox.    (The  Franklin  Institute.) 

Introduction  to  Electric  Transients,  by  E.  B.  Kurtz  and  G.  F.  Cor- 
coran.    (John  Wiley  and  Sons.) 

The  Business  Year  Book,  1935.     {The  Fi7umcial  Post.) 

Dominion-Crossley  and  Dominion-Crossley-Premier 
Diesel  Engines 

An  association  has  been  formed  between  Dominion  Engineering 
Works  Limited,  Crossley  Brothers  Limited  of  Manchester,  and  Cros.s- 
ley-Premier  Engines  Limited  of  Sandiacre,  as  a  result  of  which  Dominion 
Engineering  Works  Limited  will  manufacture  and  sell  Dominion- 
Crossley  and  Dominion-Crossley-Premier  Diesel  and  Gas  engines  for 
Canada  and  Newfoundland. 

Engines  which  may  be  offered  by  Dominion-Crossley-Premier  will 
have  behind  them  the  long  experience  of  Crossley  Brothers  and  the 
Crossley-Premier  Engine  Company  as  builders  of  Diesel  engines  for  a 
great  variety  of  services. 

Dominion  Engineering  Works  hopes  through  its  manufacturing 
facilities  in  Canada  and  through  its  branch  offices  and  associate  com- 
panies throughout  the  country,  to  render  a  service  to  users  of  Diesel 
engines  in  Canada  and  Newfoundland  which  cannot  be  rendered  so 
well  from  abroad. 


BOOK  REVIEWS 

The  Stone  Industries 

By  Oliver  Bowles,  McGraw-Hill  Book  Co.  Inc.,  New  York,  W3/f.     6  by 
9l-i  inches,  619  pages,  photos,  diagrams,  etc..  $5.00.  Cloth. 
Reviewed  by  L.  H.  Cole,  m.e.i.c* 

Few  people  realize  the  important  part  played  by  stone  of  all  kinds 
in  industry.  Its  application  to  practical  use  was  one  of  the  oldest  human 
activities,  extending  far  back  before  the  earliest  records,  for  the  name 
"stone  age"  is  applied  to  that  period  of  history,  our  knowledge  of  which 
has  been  conveyed  to  us  only  by  the  crude  tools  and  implements  of 
stone  that  have  been  unearthed  from  time  to  time. 

It  is  a  far  cry  from  the  lowly  stone  hammers  and  flint  arrow  heads 
of  our  earliest  ancestors  to  the  beautifully  designed  and  intricately 
carved  modern  buildings  to  be  seen  in  all  our  larger  cities,  and  likewise 
the  difference  between  early  quarrying  and  our  present  day  methods  of 
excavating  stone  is  so  great  and  the  advances  made  in  recent  years  so 
marked  that  it  is  with  pleasure  that  we  welcome  this  volume,  giving  a 
comprehensive  picture  of  the  stone  industry  to-day,  especially  from  the 
pen  of  an  author  who  has  made  the  subject  one  of  extensive  research  fcr 
so  many  years. 

The  volume  is  divided  into  three  parts:  the  first  part  covering  the 
general  features  of  the  stone  industries;  the  second,  dimension  stone, 
and  part  three,  crushed  and  broken  stone. 

Part  I  deals  with  the  generalities  of  the  industry,  has  a  brief  chap- 
ter on  the  minerals  and  rocks  and  their  classification,  and  discusses  the 
factors  governing  rock  utilization  as  well  as  methods  of  prospecting 
and  development,  points  which  are  common  to  all  classes  of^ quarrying. 

Part  II,  on  the  production  of  dimension  stone,  occupies  well  over 
half  of  the  book  and  deals  in  detail  in  separate  chapters  with  the  various 
stones  used  for  the  production  of  dimension  blocks,  such  as  limestone, 
sandstone,  granite,  marble  and  slate. 

Part  III,  covering  the  crushed  and  broken  stone  industry,  treats 
principally  writh  crushed  and  broken  limestone,  at  the  same  time  not 
neglecting  other  stones  than  limestone. 

The  book,  while  dealing  principally  with  the  stone  industry  of  the 
United  States,  contains  a  brief  but  well  written  chapter  on  Foreign 
Building  and  Ornamental  Stones. 

For  engineers  and  architects,  the  book  has  a  direct  appeal,  dealing 
as  it  does  with  the  composition,  physical  properties,  structural  features, 
methods  of  preparation  and  uses  of  the  various  classes  of  stone. 

One  criticism  that  might  be  offered  is  the  lack  of  a  comprehensive 
glossary  of  terms  used  in  the  stone  industry,  a  defect  that  the  present 
volume  shares  with  most  other  textbooks  on  the  subject.  Most  of  the 
definitions  are  given  in  the  text,  but  if  they  were  compiled  in  a  glossary 
as  an  appendix  at  the  end  of  the  volume,  this  would  be  of  great  value. 

The  bibliographical  references  at  the  end  of  each  chapter  are  wisely 
chosen  and  enable  easy  research  over  a  much  wider  area  than  is  possible 
to  compress  into  a  volume  of  this  size.  The  volume  is  very  well  indexed, 
making  it  extremely  valuable  as  a  ready  reference  book,  not  least  to 
Canadian  engineers  interested  in  the  subject,  the  author  having  received 
his  engineering  education  at  the  University  of  Toronto. 

'Mining  Engineer,  Mines  Branch,  Department  of  Mines,  Ottawa. 

An  Introduction  to  Structural  Theory  and  Design 

By  Hale  Sutherland  and  Harry  Lake  Bowman,  John  Wiley  and  Sons, 
New  York,  1935.    5^  by  9)4  inches,  318  pages,  diagrams,  etc. 
$3.50.     Cloth. 
Reviewed  by  W.  Chase  Thomson,  m.e.i.c.'* 

This  is  primarily  a  text-book  for  use  in  colleges:  but  portions  of  it 
will  be  found  of  interest  and  value  to  the  practising  engineer.  As  stated 
in  the  preface,  the  reader  is  assumed  to  be  familiar  with  the  principles  of 
statics  and  of  the  strength  of  materials.  It  is  well  written  and  illustrated. 

Simple  structures  are  dealt  with  very  fully  in  Chapters  I  to  VI 
inclusive. 

In  Chapter  VII  slope  and  deflection  of  beams  and  trusses  are 
treated  comprehensively  by  various  methods,  including  those  of  work, 
elastic  weights  and  moment  areas,  also  by  the  WUliot-Mohr  diagram. 

Chapter  VIII  deals  with  rigid  frames,  introducing  the  theorem  of 
three  moments,  also  the  methods  of  least  work,  slope  deflection,  moment 
distribution  and  column  analogy. 

Chapter  IX  gives  approximate  methods  only  for  calculating  wind 
stresses  in  frames  of  tall  buildings;  but,  for  comparison,  includes  results 
derived  by  the  slope-deflection  method  for  a  particular  example.  The 
authors  recommend  approximate  methods  for  calculating  wind  stresses, 
because  of  the  cumbersomeness  of  the  so-called  exact  methods,  because 
of  the  lack  of  knowledge  concerning  the  proportion  of  the  wind  shears 
carried  by  walls  and  partitions  and  their  distribution  by  the  rigid  florr 
construction,  also  because  the  girders  in  steel  construction  have  usually 
been  proportioned  as  though  they  were  simple  spans  when  carrying 
vertical  loads.  With  the  Cross  method  of  moment  distribution  now 
available,  which  greatly  simplifies  the  layout  and  by  which  the  same 
degree  of  accuracy  may  be  obtained  as  by  the  slope-deflection  method, 
there  would  seem  to  be  no  reasonable  excuse  for  approximate  methods, 
either  for  vertical  or  horizontal  loads.  In  the  meantime,  until  curtain 
walls  and  partitions  are  better  designed  to  act  in  unison  with  the  steel 
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frame,  and  until  it  is  possible  to  make  reasonably  reliable  assumptions 
regarding  the  proportion  of  shears  transmitted  by  such  curtain  walls  and 
partitions,  it  would  seem  advisable  to  continue  proportioning  the 
columns  and  girders  to  resist  the  entire  assumed  wind  loads. 

Chapter  X  deals  adequately  with  indeterminate  trusses,  employing 
methods  of  least  work,  deflections  and  influence  lines.  It  closes  with  a 
reference  to  mechanical  analysis. 

In  Chapter  XI,  secondary  stresses  are  treated  primarily  by  the 
slope-deflection  method  as  modified  by  Mohr,  using  a  Williot  diagram 
to  determine  the  movement  of  the  end  of  a  member  perpendicular  to 
its  axis.  Reference  is  also  made  to  the  Cross  method,  in  which  the 
fixed-end  moments  are  obtained  by  a  Williot  diagram,  as  before,  but 
without  rotation  of  joints.  Moments  are  then  distributed  in  the  usual 
manner.  The  calculation  of  secondary  stresses  by  the  latter  method 
becomes  a  very  simple  matter;  and,  as  mentioned  by  the  authors,  the 
accuracy  attainable  thereby  may  be  as  great  as  desired,  or  as  can  be 
obtained  by  the  Mohr  method. 

The  book  closes  with  Chapter  XII,  dealing  with  space  framework. 
This  section  will  be  found  particularly  useful  in  the  design  of  trans- 
mission towers,  which  are  frequently  subject  to  eccentrically-applied 
loads. 

Diesel  Engine  Design 

By  Harold  F.  Shepherd,  John  Wilei/  and  Sons,  New  York,  1935. 
6  hy  914  in.,  224.  pages.   SS.50.     Cloth. 

This  publication  is  well  printed  and  clearly  illustrated,  but  ob- 
viously such  a  big  subject  cannot  be  fully  covered  in  a  comparatively 
small  volume  of  this  type.  It  is,  however,  extremely  refreshing  to  find 
a  treatise  on  Diesel  engines  which  nowhere  contains  catalogue  descrip- 
t  ions  of  different  makes  of  Diesel  engine. 

The  first  chapter  of  the  volume  is  entitled  "Historical"  and  might 
perhaps  have  been  omitted  without  seriously  impairing  the  value 
of  the  book,  especially  as  some  of  the  references  are  incomplete,  for 
example  those  dealing  with  the  types  of  combustion  chamber  for  small 
engines,  in  which  there  is  no  reference  to  the  direct  injection  system. 

The  other  chapters  deal  with  such  features  as  combustion,  fuel, 
nozzles  and  pumps,  governing,  cylinder  heads  and  valve  gear,  lub- 
rication, inertia  of  reciprocating  parts,  the  flywheel  and  crankshaft  with 
■AW  appendix  for  reducing  calculations  in  designing  crankshaft  members, 
and  generally  speaking,  the  whole  volume  is  based  on  giving  short 
descriptions  of  the  principles  involved  in  the  design  of  each  component 
part  of  the  engine,  followed  by,  in  many  cases,  references  to  the  necessary 
calculations  for  solving  the  problems  connected  therewith.  Some  of 
the  illustrations,  such  as  of  men  lining  a  room  with  cork  insulating 
material,  or  of  an  exploded  crankcase,  seem  superfluous. 

The  book  is  worthy  of  a  much  fuller  index  than  is  provided.  The 
author  cites  a  number  of  features  in  design  or  material  upon  which 
successful  operation  depends,  discussing  for  example  the  form  and  pro- 
portions of  pi.ston  which  are  needed  to  secure  an  optimum  working 
temperature  of  piston  face,  and  the  points  to  be  borne  in  mind  when 
designing  the  starting  gear  for  marine  engines  which  are  required  to 
manoeuvre  constantly  in  service. 

The  volume  ma}'  be  recommended  as  of  considerable  value  to 
engineers  interested  in  Diesel  engines,  either  from  the  design  or  operat- 
ing viewpoints.  It  must  not  be  overlooked,  however,  that  there  are 
probably  hundreds  of  different  manufacturers  of  Diesel  engines,  every 
ime  of  whom  has  at  least  one  distinctive  method  of  dealing  successfully 
with  some  specific  problem,  and  that  it  is  impossible  in  a  volume  of 
this  size  to  refer  to  more  than  the  small  proportion  of  these  many 
methods  which  may  be  personally  known  to  the  author. 

The  1935  E.I.C.  Engineering  Catalogue 

The  third  annual  edition  of  the  E.I.C.  Engineering  Catalogue  is 
now  in  the  press  and  wiU  be  distributed  shortly.  The  present  volume 
is  considerably  extended  both  as  regards  the  information  descriptive  of 
engineering  equipment  and  materials  and  the  index  reference  data. 

The  many  appreciative  letters  received  following  the  issuance  of 
the  first  two  editions,  and  the  evident  desire  of  manufacturers  to 
include  greater  detail  regarding  their  products  is  indicative  of  the 
better  understanding  and  appreciation  of  the  service  which  The 
Institute  is  rendering  by  the  publication  of  such  a  comprehensive 
and  authoritative  reference  book. 

[n  the  present  issue  the  arrangement  of  the  data  follows  that  of 
the  previous  editions,  which  is  believed  to  provide  the  most  convenient 
arrangement  for  ready  reference. 

The  Catalogue .  is  designed  to  serve  the  requirements  of  those 
responsible  for  the  specifying  and  purchase  of  engineering  equipment 
and  materials  in  every  branch  of  industry  and  engineering,  so  that 
it  includes  reference  information  covering  electrical  equipment,  mechan- 
ical equipment,  construction  equipment,  building  products  and  special 
machinery  used  in  such  basic  industries  as  mining,  pulp  and  paper 
manufacture,  textiles,  etc. 

Copies  of  the  Catalogue  will  be  supplied  to  all  members  of  The 
Institute  who  will  fill  in  and  return  the  enquiry  cards  which  will  be 
sent  out  in  the  course  (jf  a  few  days,  and  the  remainder  f)f  the  issue  of 
live  thousand  copies  will  be  distributed  to  a  carefully  selected  list  of 
those  officers  of  important  firms  or  organizations  who  can  best  make 
use  of  the  reference  information  which  it  contains. 


BRANCH  NEWS 

Calgary  Branch 

J.  Dow,  M. E.I.C,  Secretary-Treasurer. 
H.  W.  Tonker,  A.M.E.I.C.,  Branch  News  Editor. 

On  Thursday,  February  7th,  1935,  the  members  of  the  Calgary 
Branch  were  fortunate  in  hearing  an  address  by  Mr.  A.  Hannah,  K.C., 
on  "Democracy  or  Dictatorship."  This  meeting  was  also  chosen  for 
the  finals  of  the  ten  minute  speeches  in  the  competition  for  the  younger 
members  of  the  Branch.  Those  participating  were  I.  Abramson, 
.ir. E.I.C,  and  R.  W.  Dunlop,  Jr. e. i.e. 

Cement  Testing 

The  chairman  first  called  upon  Mr.  Abramson,  whose  subject  was 
"Cement  Testing." 

The  tests  usually  applied  to  cement  may  be  roughly  classified  as 
mechanical  or  chemical  in  nature,  the  most  common  being  for  the 
determination  of  tensile  or  compressive  strength.  Fineness,  normal 
consistency,  time  of  set  etc.,  sotindness,  are  also  observed  and  for  some 
purposes  porosity  and  permeability  of  mortars  may  be  investigated. 

However,  one  test  method,  the  study  of  electrical  properties  of 
cement,  seems  to  be  overlooked. 

Modern  atomic  theories  regard  all  matter  as  electrical  in  nature 
and  chemical  properties  of  any  element  may  be  explained  in  terms  of 
grouping  of  the  electrons  about  the  atomic  nucleus  and  the  resultant 
internal  and  external  forces.  Therefore,  a  study  of  the  variation  in 
electrical  characteristics  of  a  chemical  mixture  should  yield  information 
on  the  changes  taking  place  in  it. 

A  similar  conclusion  may  be  reached  by  a  different  form  of  reason- 
ing, viz.  from  practice  we  know  that  the  ohmic  resistance  of  an  electrical 
conductor  of  given  dimensions  depends  on  its  chemical  composition, 
thus  if  chemical  changes  take  place  in  a  given  conductor  its  chemical 
resistance  must  vary. 

To  prove  this,  a  number  of  experiments  were  carried  out  with  test 
pieces  having  electrodes  inserted  in  the  ends  of  each.  After  cvu-ing  in 
iTioist  air  the  specimens  were  transferred  to  various  solutions.  At 
flaily  intervals  they  were  removed  from  the  solutions,  the  surfaces 
dried  and  the  resistance  measured  by  observing  the  voltage  necessary 
to  pass  a  given  current. 

Principles  of  Orifice  Meters 

The  chairman  then  called  upon  Mr.  R.  W.  Dunlop  for  his  discussion 
on  the  "Principles  of  Orifice  Meters." 

To  give  a  very  short  outline  of  the  principles  of  orifice  meters  the 
subject  may  be  divided  into  the  following  general  headings: 

Uses.  Orifice  meters  have  a  wide  range  of  application,  chiefly  in 
large  scale  commercial  measurements  of  liquids  and  gases,  and  are  used 
for  total  quantity  and  rate  of  flow  measurements. 

Development  and  Principles.  The  orifice  meter  has  been  developed 
from  the  characteristics  of  fluid  flow  through  a  circular  orifice  in  a  dia- 
phram  inserted  ina  pipe.  Connections  are  made  on  the  pipe  for  measuring 
differential  pressures  at  the  upstream  and  downstream  faces  of  the  plate 
as  well  as  the  static  or  line  pressure  at  the  downstream  face.  By  de- 
termining differentials  for  various  flow  rates  with  any  orifice  we  can 
establish  an  orifice  meter.  For  compressible  fluids  it  is  necessary  to 
measure  static  pressure  at  the  down  stream  face. 

General  Considerations.  To  obtain  consistently  accurate  results 
the  following  considerations  must  be  taken  into  account :  size  of  orifice 
relative  to  pipe  size;  the  fittings  should  be  ten  pipe  diameters  up  stream 
and  five  diameters  down  stream  from  the  orifice;  position  of  differential 
connections;  orifice  shape. 

Following  Mr.  Dunlap's  address  the  chairman  introduced  the 
speaker  of  the  evening,  Mr.  A.  Hannah,  K.C. 

Democracy  or  Dictatorship 

In  his  opening  remarks  Mr.  Hannah  stated  that  there  was  nothing 
political  in  what  he  was  about  to  say  and  also  that  he  wished  to  review 
the  subject  of  democracy  in  the  first  place,  as  this  form  of  government 
has  developed  under  the  British  constitution. 

One  of  the  first  beginnings  in  history  and  perhaps  the  one  which 
comes  most  readily  to  one's  mind  in  thinking  of  democracy  is  the 
Magna  Charta. 

The  most  significant  features  of  democracy  have  been  the  results 
which  have  flowed  from  democracy  as  developed  under  the  English 
constitution,  namely:  Freedom  of  the  people;  development  of  education ; 
administration  whereby  justice  is  swift  and  sure;  purity  and  lack  cf 
corruption  in  our  law  courts  and  regard  for  private  rights. 

With  all  these  things,  why  the  cause  for  the  outcry  to-day  against 
existing  conditions  ?  The  world  war  shook  the  world  to  its  foundations 
and  possibly  it  has  been  good  for  all  of  us  to  be  shaken  out  of  self- 
complacency  and  satisfaction.  We  are  forced  to  the  admission  that  if 
there  have  been  beneficial  growths  as  democracy  has  developed  there 
have  also  been  growths  of  a  virulent  and  imdesirable  type.  Who  is  to 
blame  for  this  condition  and  how  could  undesirable  conditions  originate 
when  so  much  that  is  desirable  has  been  brought  to  pass  ? 

The  speaker  believed  that  the  solution  of  our  present  day  difficul- 
ties will  be  solved  not  by  revolutions  nor  any  new-fangled  schemes,  but 
by  finding  out  what  is  wrong  with  our  systems  and  the  why  and  the 
wherefore  of  our  having  gone  astray. 

Democracy,  like  any  other  form  of  government,  involves  pri- 
marily the  relationship  between  the  state  and  the  individual  and  the 
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question  whether  the  individual  is  to  be  left  full  freedom  to  develop 
his  life,  as  he  will,  subject  to  respect  for  the  rights  of  others,  or  to  have 
it  ordered  for  him  by  the  regimentation  of  some  arbitrary  power  exerting 
authority  in  the  name  of  the  state. 

To  defend  the  liberties  we  prize  against  encroachment  demands 
perpetual  vigilance,  and  nothing  can  so  much  stimulate  it  as  the  spec- 
tacle of  other  countries  where  liberty  as  we  know  it  has  disappeared. 

A  hearty  vote  of  thanks  was  given  to  the  three  speakers  by  the 
chairman  of  the  Branch,  G.  P.  F.  Boese,  a.m.e.i.c. 

Hamilton  Branch 

A.  Love,  M.E.I.C.,  Secretary-Treasurer. 
Alan  B.  Dove,  Jr.E.I.C,  Branch  News  Editor. 

The  Hamilton  Branch  of  The  Institute  met  in  the  Science  Hall, 
McMaster  University,  on  the  evening  of  Tuesday,  February  19th,  1935. 
W.  HoUingworth,  m.e.i.c,  chairman  of  the  Branch,  occupied  the  chair. 
After  preliminary  remarks,  W.  J.  W.  Reid,  a. m.e.i.c,  was  called  on  to 
introduce  the  speaker  of  the  evening,  Mr.  Balmer  Neilly,  b.a.  sc,  c.e., 
one  of  Ontario's  best  known  consulting  mining  engineers  and  one  fully 
qualified  to  deal  with  the  subject  of  "Mines  and  Miners." 
Mines  and  Miners 

Mr.  Neilly  stated  that  all  the  facts  of  mining  were  not  evident  from 
the  information  given  by  the  promoters  of  mining  stock;  the  difficulties 
were  not  mentioned,  and  the  good  points,  if  not  absolutely  magnified, 
greatly  predominate.  Since  1903,  charters  have  been  issued  by  the 
provincial  government  to  forty-three  hundred  mining  concerns,  fif 
which  only  forty-two  have  reached  that  stage  of  development  which 
requires  payment  of  government  tax.  Again,  only  one  in  three  hundred 
is  able  to  pay  taxes,  return  of  capital  and  hazard  investment  and 
actually  reach  the  stage  of  being  a  successful  mine. 

The  speaker  expressed  the  opinion  that  mining  was  destined  to 
assume  the  place  in  economic  importance  formerly  held  by  our  agri- 
cultural resources,  in  opening  up  new  areas  and  attracting  colonial 
settlers. 

The  value  of  the  products  of  Canadian  mines  for  1934  was  27S 
millions.  This  showed  an  increase,  of  26  per  cent  over  1933,  and  25 
per  cent  over  1929,  the  previous  peak  year. 

Canadian  mines  employ  over  twenty-two  thousand  men  in  the 
mines  and  about  one  thousand  prospectors.  The  mines  are  operated  on 
three  shifts  of  eight  hours  each.  The  miner  works  a  six  day  week,  but 
there  is  always  a  call  for  extra  men,  and  many  work  the  seven  days. 
The  average  pay  for  the  miner  is  $5.10  per  shift. 

Contrary  to  popular  opinion,  the  foreign  element  does  not  pre- 
dominate in  the  mining  industry.  Statistics  show  the  following  per- 
centages, British  stock  64  per  cent,  Italian  7.6  per  cent,  Slavs  7.2  per 
cent,  Finns  4.2  per  cent,  Poles  2.9  per  cent,  and  others  14.1  per  cent, 
and  it  is  interesting  to  note  that  of  the  36  per  cent  classed  as  foreigners, 
80  to  85  per  cent  of  them  are  naturalized  Canadian  citizens,  and  in  the 
second  or  third  generation  their  children  do  not  differ  from  Canadian 
boys  and  girls. 

The  advantages  of  a  mining  advance  are  manifold  and  include 
colonization,  railway  extension,  development  of  water  power  and  sales 
of  the  city  products.  Of  the  total  value  realized  for  the  gold  of  Canada, 
one  third  goes  to  compensate  labour,  one  third  for  supplies  and  equip- 
ment, and  the  rest  to  capital  and  funds.  The  cost  of  supplies  with  their 
attendant  value  to  cities  like  Hamilton  may  be  imagined  when  it  is 
realized  that  every  ton  of  ore  ground  necessitates  about  43^  lbs.  of  steel 
in  the  form  of  balls  for  the  grinder. 

Mining  taxes  must  be  very  carefully  considered,  for  if  the  tax  is 
raised  then  much  ore  must  be  left  undeveloped.  Government  taxes 
here  amount  to  $1.26  per  ton  of  ore  mined  and  reduced,  and  the  cont  of 
production  is  $4.16  including  the  tax. 

In  order  to  give  an  insight  into  the  conditions  met  with  in  mines 
and  the  methods  employed  in  obtaining  the  ore,  Mr.  Neilly  showed  two 
Ontario  government  films  of  the  workings  of  the  Hollinger  Gold  Mines 
at  Timmins,  Ont. 

R.  M.  Dilly,  of  the  Babcock- Wilcox  &  Goldie-McCulloch  Engineer- 
ing Society,  Gait,  brought  greetings  from  his  society  and  an  invitation 
to  attend  their  meeting  Friday  night.  He  proposed  a  vote  of  thanks 
to  the  lecturer  for  his  splendid  address.  This  was  endorsed  by  all 
present. 

Announcements  were  made  and  Mr.  Milne  was  thanked  for  his 
services  with  the  projector.  The  meeting  then  adjourned  and  refresh- 
ments were  enjoyed  in  an  adjoining  room. 

Lethbridge  Branch 

E.  A.  Laurence,  S.E.LC,  Secretary-Treasurer. 

J.  E.  Hawkins,  S.E.LC,  Branch  News  Editor. 

The  Lethbridge  Branch  of  The  Engineering  Institute  of  Canada 

held  its  regular  meeting  in  the  Marquis  hotel  on  Saturday  evening, 

February  2nd,  1935,  with  C.  S.  Donaldson,  a. m.e.i.c,  in  the  chair, 

and  about  forty-five  members  present. 

The  Production  of  Rubber 
An  interesting  film  kindly  loaned  by  the  Dominion  Rubber  Com- 
pany on  the  production  of  rubber  was  shown.  This  dealt  with  the 
company's  rubber  plantations  in  the  island  of  Sumatra,  showing  the 
initial  work  of  clearing  the  jungle,  planting,  and  grafting  of  the  young 
trees  and  the  tapping  of  the  trees  to  obtain  the  sap  or  "latex"  as  it  is 


called.  The  factory  operations  for  converting  the  latex  to  rubber  were 
then  shown;  the  Hopkinson  spray  process  being  clearly  explained  by 
means  of  an  animated  drawing.  Of  particular  interest  was  the  fact 
that  almost  all  the  labour  w^as  done  manually,  due  no  doubt  to  the 
cheapness  of  native  labour. 

Century  of  Progress 

Through  the  courtesy  of  the  Ford  Company  and  the  Ford  Motor 
Sales  of  this  city,  an  interesting  film  dealing  with  the  "Century  of 
Progress"  World's  Fair  at  Chicago,  and  a  trip  through  the  Ford  building 
was  shown. 

Concrete  Highway  Construction 

Following  this,afilm on  "Modern  Concrete  HighwayConstruction," 
furnished  by  the  Canada  Cement  Company,  was  shown.  The  quarry- 
ing, washing,  and  screening  of  the  coarse  aggregate  was  first  dealt  with. 
Then  came  the  weighing  of  the  proper  proportions  of  the  coarse  ag- 
gregate, the  fine  aggregate,  and  the  cement,  and  the  transportation 
to  the  mixers.  The  mixers  performed  the  work  of  mixing  and  laying 
of  the  surface.  The  method  of  properly  allowing  the  concrete  to  "set" 
and  dry  and  the  provisions  made  for  expansion  joints  were  shown. 
Finally  the  government  supervision  and  testing  work  was  outlined. 

The  meeting  was  followed  by  a  buffet  luncheon,  which  concluded 
a  very  interesting  evening's  entertainment. 

The  Lethbridge  Branch  of  The  Institute  held  its  regular  meeting 
in  the  Marquis  hotel  on  Saturday  evening,  March  2nd,  1935,  with  C.  S. 
Donaldson,  a. m.e.i.c,  in  the  chair. 

Dinner  was  served  to  about  thirty  members.  During  the  dinner 
Mr.  and  Mrs.  George  Brown  and  orchestra  entertained  the  members 
with  several  very  delightful  numbers.  Following  the  dinner  community 
singing  interspersed  with  vocal  solos  was  enjoyed.  Mr.  Donaldson 
called  upon  W.  L.  McKenzie,  a. m.e.i.c,  the  incoming  chairman,  to 
say  a  few  words.  Mr.  McKenzie  traced  the  growth  of  the  electrical 
industry  in  the  past  forty  years,  concluding  by  mentioning  some  of  the 
ideas  held  at  that  time  which  are  entirely  disregarded  to-day. 

Mr.  Donaldson  then  introduced  Mr.  W.  Pratt  of  the  Otis-Fensom 
Elevator  Company,  and  two  excellent  films  supplied  by  that  company 
were  shown,  the  first  dealing  with  the  construction  of  the  Empire  State 
building  and  the  second  with  the  construction  of  the  George  Washington 
bridge. 

The  film  dealing  with  the  construction  of  the  Empire  State  buiiding 
traced  the  construction  through  from  the  fabrication  of  the  columns  in 
the  Carnegie  Steel  Company's  plants  to  their  final  assembly  in  the 
building.  There  are  sixty-seven  elevators  in  the  building;  the  main 
elevators  travelling  to  the  eightieth  floor  where  a  transfer  is  made  to  the 
eighty-sixth  floor,  and  finally  one  elevator  travels  to  the  observation 
tower,  equivalent  to  the  one  hundred  and  second  floor,  1,212  feet  above 
street  level.    The  whole  building  is  1,250  feet  high. 

The  next  film  dealt  with  the  construction  of  the  George  Wa.shington 
bridge  across  the  Hudson  river.  New  York.  This  is  a  suspension  bridge, 
being  suspended  from  four  cables,  each  36  inches  in  diameter,  which  in 
turn  are  fastened  to  two  towers  600  feet  high,  and  anchored  in  bedrock' 
at  each  side  of  the  river.  A  very  clear  illustration  of  the  spinning  of  the 
cables  was  given.  The  wire  used  in  the  cables  totals  a  length  of  107,000. 
miles  or  more  than  four  times  around  the  earth. 

On  behalf  of  the  meeting  Wm.  Meldrum,  a. m.e.i.c,  moved  a 
hearty  vote  of  thanks  to  Mr.  Pratt  and  the  Otis-Fensom  Company  for 
their  courtesy  in  connection  with  these  films. 

The  meeting  then  adjourned  to  the  mezzanine  floor  for  a  short 
business  meeting,  during  which  the  result  of  the  election  of  officers  was 
announced. 

Mr.  Rudd  spoke  briefly  on  the  work  of  the  League  of  Nation's 
Society.  The  annual  report  was  presented  and  passed.  The  report 
of  the  Programme  committee  was  presented  by  Mr.  Meldrum,  and 
after  a  short  discussion  of  the  programme  for  the  next  season  the 
meeting  adjourned. 

London  Branch 

»Sf.  G.  Johre,  A.M.E.LC,  Scvrrtnry-Trea surer . 
Jno.  R.  Rostron,  A.M.E.LC,  Branch  Ncu-s  Editor. 

The  regular  monthly  meeting  of  the  London  Branch  of  The  Institute 
was  held  on  February  20th,  1935,  in  the  City  Hall  auditorium,  the 
speaker  being  Mr.  C.  E.  Simpson,  of  the  All- Weld  Company  of  Toronto, 
and  his  subject  "Spray  Metallizing." 

In  the  absence  of  S.   W.  Archibald,   A. m.e.i.c,  chairman  of  the 
Branch,  J.  Ferguson,  a. m.e.i.c,  vice-chairman,  presided. 
Spray  Metallizing 

The  speaker  told  how  by  ingenious  methods  cold  metal  can  be 
taken  into  a  spray  gun  in  the  form  of  wire,  and  instantaneously  sprayed 
onto  another  metal  surface  like  paint  and  done  economically.  The 
idea  itself  was  not  new,  it  was  used  extensively  during  the  World  War 
in  somewhat  the  same  way. 

With  the  use  of  motion  pictures,  Mr.  Simpson  illustrated  his 
address,  showing  graphically  how  the  gun  works  making  use  of  any 
metal  that  can  be  drawn  into  wire.  Zinc,  tin,  copper,  lead,  iron,  even 
stainless  steel  is  now  sprayed  on.  For  instance  it  was  possible  now 
to  spray  the  inside  of  water  tanks  to  prevent  rust,  and  the  speaker 
went  on  to  outline  innumerable  uses  for  the  gun.  It  is  a  cold  process, 
one's  hand  could  be  put  right  through  the  spray  and  come  out  metal 
plated  but  not  burned.    The  metal  wire  is  melted  just  as  it  leaves 
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the  gun,  with  the  use  of  oxy-acetylene,  and  is  made  permanent  on  the 
surface  by  impact. 

The  process  was  particularly  useful  to  engineers,  contractors  and 
manufacturers,  as  well  as  electrical  workers.  Mr.  Simpson  said,  showing 
how  worn  parts,  shafts  particularly,  can  be  built  up  to  their  original 
size  and  shape,  thus  .saving  the  cost  of  new  parts,  or  in  some  cases 
the  possible  trapping  of  the  machine. 

Moncton  Branch 

V.  C.  Blackelt,  A.M.E.I.C.,  Secretary-Treasurer. 

Methods  of  coal  testing  employed  by  the  Canadian  National 
Railways  formed  the  subject  of  a  very  instructive  paper  read  before 
a  regular  meeting  of  the  Branch  on  January  29th,  1935,  by  David 
Hourston,  Branch  Affiliate.  J.  G.  Mackinnon,  m.e.i.c,  chairman  of  the 
Branch,  presided. 

Coal  Tests 

Inasmuch  as  ten  cents  of  every  revenue  dollar  is  spent  by  the 
railways  for  fuel,  the  importance  of  fuel  tests  cannot  be  overestimated. 
Laboratory  tests  are  useful  as  a  check  but  locomotive  running  tests 
are  required  to  take  care  of  all  the  factors  entering  into  the  steaming 
value  of  any  given  grade  of  coal. 

The  run  should  be  over  a  subdivision  of  from  seventy-five  to  one 
hundred  miles  long,  where  at  least  a  three  hour  run  may  be  expected. 
The  physical  characteristics  of  the  subdivision  chosen  should  be  such 
that  the  engine  will  have  to  be  worked  most  of  the  time  and  where 
very  little  drifting  and  braking  will  be  encountered  due  to  down  grades. 
The  class  of  train  essential  to  bring  out  the  best  results  will  be  one 
with  full  tonnage  on  a  run  with  very  little  detention.  The  conditions 
under  which  each  test  is  made  should  of  course  be  as  nearly  identical 
as  possible. 

The  speaker  described,  at  length,  the  test  instruments  attached 
to  the  locomotive  and  the  readings  taken. 

A  vote  of  thanks  to  Mr.  Hourston  was  moved  by  T.  H.  Dickson, 
A. M.E.I.C,  seconded  by  R.  H.  Emmerson,  a. m.e.i.c. 
Modern  Arc  Welding 

On  February  19th  David  Boyd,  b.sc,  a. m.e.i.c,  of  the  Dominion 
Bridge  Co.  Ltd.,  Montreal,  delivered  an  illustrated  address  on  "Modern 
Arc  Welding."    J.  G.  Mackinnon,  a. m.e.i.c,  was  in  the  chair. 

Mr.  Boyd  described  the  materials  and  types  of  electrodes  used  in 
welding.  With  the  aid  of  slides  he  showed  illustrations  of  correct 
design  and  also  the  more  common  errors  in  the  design  of  welded  con- 
nections. A  brief  description  was  given  of  the  annealing  process  for 
reducing  internal  stresses.  In  the  opinion  of  the  speaker,  at  least  one 
year  is  required  to  train  a  welder.  An  inspector  should  not  only  be  a 
welder  but  a  qualified  engineer  as  well. 

In  answer  to  questions,  Mr.  Boyd  stated  that  in  buying  a  welding 
machine,  he  would  suggest  a  capacity  of  at  least  300  amperes  and  a 
potential  at  the  electrode  of  not  less  than  40  volts. 

The  welding  of  locomotive  boilers  was  not  yet  permitted  but  when 
it  is,  the  speaker  was  of  che  opinion  that  boiler  pressures  could  be 
doubled  and  the  steam  locomotive  compete  to  better  advantage  with 
the  oil  electric. 

The  electric  arc  is  not  suitable  for  welding  rail  ends.  The  thermit 
process  is  the  one  found  most  satisfactory. 

A  vote  of  thanks  to  Mr.  Boyd  was  moved  by  C.  S.  G.  Rogers, 
A. M.E.I.C,  seconded  by  H.  J.  Crudge,  a. m.e.i.c 

Montreal  Branch 

C.  K.  McLeod,  A. M.E.I.C,  Secretary-Treasurer. 

Mechanical  Section — Arc  Welding 

On  February  4th,  1935,  David  Boyd,  a. m.e.i.c,  further  developed 
his  paper  as  given  on  the  Thursday  evening  previous,  illustrating  his 
talk  with  slides  and  models. 

II.  J.  Roast,  M.E.I.C,  was  again  in  the  chair. 

Economics  and  Design  of  Air  Compressor.? 

The  history,  design,  economics  and  types  of  air  compressors  were 
described  on  the  evening  of  February  7th,  1935,  by  F.  G.  Ferrabee, 
sales  manager  of  the  Canadian  Ingersoll  Rand  Company  Ltd.,  in  a 
talk  before  the  members  of  the  Branch.  The  variety  of  uses  for  com- 
pre.s.sors  were  commented  upon  and  examples  given. 

R.  H.  Findlay,  m.e.i.c,  presided. 

Junior  Section 

On  February  Uth,  1935,  two  papers  were  presented  before  the 
Section:  One  by  W.  L.  Thompson,  Jr. e. i.e.,  engineer  with  the  Bailey 
.Meter  Company,  on  "Flow  Meters,"  and  another  by  J.  Royer,  s.e.i.c, 
a  student  at  McGill  ITniversity,  on  the  "Treatment  of  Copper  Ores  a< 
Noranda." 

Paul  Vincent,  s.e.i.c,  was  in  the  chair. 
Broadcast  Network  of  Canadian  Radio  Commission 

Lieut. -Colonel  W.  A.  Steel,  m.c.  Commissioner  of  Canadian 
Radio  Commission,  on  February  14th,  1935,  spoke  on  the  broadcast 
network  in  Canada.  He  explained  the  complex  networks  used 
by  the  Commission  to  send  out  its  programmes  and  the  many 
technical  problems  involved  in  broadcasting.  Some  comparisons  were 
made  with  British,  European  and  American  procedures,  the  speaker 


stating  that  due  to  the  uneven  distribution  of  the  Canadian  population 
the  problems  arising  from  broadcasting  coverage  were  much  more 
complicated  in  Canada  than  in  most  other  countries. 

H.  J.  Vennes,  a. m.e.i.c,  acted  as  chairman,  and  previous  to  the 
meeting  an  informal  dinner  was  held  at  the  Windsor  hotel. 

Lightning 

On  February  21st,  1935,  Mr.  A.  C.  Monteith,  engineer  with  the 
Westinghouse  Electric  and  Manufacturing  Company,  Pittsburgh, 
presented  a  paper  on  lightning  problems,  reviewing  the  present  knowl- 
edge of  natural  lightning  and  factors  to  be  considered  in  the  design  of 
transmission  lines  and  substations.  His  address  was  illustrated  by 
a  number  of  excellent  lantern  shdes. 

Previous  to  the  lecture  an  informal  dinner  was  held  at  the  Windsor 
hotel.    Professor  C.  V.  Christie,  m.e.i.c,  was  chairman  of  the  meeting. 
Student  Night 

Two  members  of  the  Junior  Section  of  the  Montreal  Branch 
presented  papers  at  the  meeting  held  on  Thursday,  February  28th, 
1935. 

Horace  Young,  a  student  in  fourth  year  mining  at  McGill  Univer- 
sity, spoke  on  "Mineral  Production  in  Canada  and  Effect  in  Industry," 
and  Yvon  Tasse,  s.e.i.c,  in  his  first  year  at  the  Ecole  Polytechnique, 
who  spoke  in  French,  his  subject  being  "Le  Vent  pour  Electrifier  nos 
Campagnes." 

Recent  Developments  in  Sound  Pictures 

S.  T.  Fisher,  jr.E.i.c,  engineer  in  the  special  products  engineering 
department  of  the  Northern  Electric  Company,  gave  an  exceedingly 
interesting  address  and  demonstration  on  March  7th,  1935.  He  out- 
lined the  history,  theory  and  practice  of  sound  reproduction  as  applied 
to  mo\'ing  picture  theatres  and  to  public  address  systems.  Recent 
improvements  have  been  mainly  in  three  ways:  the  successful  trans- 
mission of  low-  and  high-pitched  voices  and  other  sounds,  by  improve- 
ments in  the  volume  of  sound  and  by  reduction  in  the  noises  created 
by  the  reproducing  mechanism. 

J.  L.  Clarke,  m.e.i.c,  presided. 

Junior  Section 

On  Monday,  March  Uth,  1935,  papers  were  presented  before  this 
section  on  "Technical  Advance  in  Russia,"  by  E.  I.  Wigdor,  s.e.i.c, 
and  "Air  Conditioning  for  Comfort  and  Industrial  Purposes,"  by 
Andre  Michaud,  s.e.lc. 

Mr.  Wigdor  is  in  his  final  year  in  electrical  engineering  at  McGill 
University,  and  Mr.  Michaud  was  a  graduate  in  1934  from  the  Ecole 
Polytechnique. 

W.  S.  Bowles,  S.E.I.C,  acted  as  chairman. 

Air  Conditioning  in  Industry 

Mr.  Walter  L.  Fleisher,  consulting  engineer,  of  New  York,  and 
editor  of  the  "Guide"  of  the  American  Society  of  Heating  and  Ventila- 
ting Engineers,  spoke  to  the  members  of  the  Branch  on  March  15th, 
1935.  He  pointed  out  that  the  future  of  air  conditioning  in  Canada,  as 
distinguished  from  that  in  the  United  States,  was  a  winter  problem 
rather  than  a  summer  one,  and  consequently  any  equipment  used 
should  be  designed  with  this  in  mind.  Interesting  data  regarding  air 
conditioning  in  general  was  furnished. 

Brian  R.  Perry,  a. m.e.i.c,  occupied  the  chair,  and  previous  to  the 
meeting  an  informal  dinner  was  held  at  the  Windsor  hotel. 
Stainless  Steel 

On  March  21st,  1935,  C.  M.  Carmichael,  general  manager  of  the 
Shawinigan  Stainless  Steel  and  Alloys  Limited,  presented  a  paper  on 
the  history  and  application  of  stainless  steel.  This  was  discovered  by 
accident  at  Sheffield,  England,  during  experiments  on  gun  linings  and  is 
now  used  extensively  in  many  industries. 

C.  R.  Whittemore,  a. m.e.i.c,  presided. 

Niagara  Peninsula  Branch 

P.  A.  Dewey,  A. M.E.I.C,  Secretary-Treasurer. 
C  G.  Moon,  A.M. E. I.e.,  Branch  News  Editor. 

The  Branch  held  a  well  attended  dinner  meeting  at  the  King 
Edward  hotel,  Niagara  Falls,  on  March  13th,  1935,  at  which  Mr. 
David  Boyd,  assistant  works  manager  of  the  Montreal  fabricating 
shops  of  the  Dominion  Bridge  Company,  spoke  on  the  art  of  "Arc 
Welding." 

Arc  Welding 

"Although  welding  has  been  practised  from  time  immemorial," 
said  Mr.  Boyd,  "it  is  only  within  the  last  fifty  years  that  the  develop- 
ment of  electricity  and  the  improved  science  of  metallurgy  has  allowed 
its  use  to  be  extended  to  the  field  erection  of  bridges,  ships,  buildings 
and  to  the  shop  welding  of  huge  members  used  in  various  engineering 
designs,  some  of  which  weigh  ten  tons  and  over. 

"Most  of  the  metals  and  alloys  can  now  be  successfully  welded 
with  joints  that  are  practically  unnoticeable  and  being  as  strong,  or 
stronger  than  the  original  metal.  At  least  one  half  of  the  test  bars 
will  break  outside  of  the  weld. 

"Metallic  arc  welding  is  being  used  more  and  more  for  the  fabrica- 
tion of  gear  wheels,  machinery  frames  and  bases,  column  footings  and 
other  shapes  which,  until  a  few  years  ago,  were  made  entirely  of  cast 
iron  or  steel. 
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"In  structural  steelwork,  welding  has  not  altogether  taken  the 
place  of  rivets,  principally  on  account  of  the  difficulty  in  making  tests 
of  work  which  has  been  field  connected.  Many  of  the  principal  joints 
are  therefore  riveted  whereas  the  secondary  connections  may  be  welded." 

Lantern  slides  were  shown  of  the  new  Caughnawaga  and  Isle 
d'Orleans  bridges,  in  the  construction  of  which  welding  was  employed 
extensively.  Another  novel  use  was  the  fabrication  and  erection  of 
the  light  reinforcing  steelwork  for  an  eleven-storey  concrete  building: 
the  metal  work  being  entirely  completed  before  any  concrete  was 
poured  thus  saving  much  of  the  supports  for  formwork  and  allowing 
the  allied  trades  to  instal  the  necessary  pipes  and  electric  wiring  con- 
duits. 

After  a  vote  of  thanks  to  the  speaker  had  been  tendered  by  chair- 
man W.  R.  Manock,  a.m. e. i.e.,  the  amount  of  local  interest  was  shown 
by  a  discussion  which  lasted  imtil  nearly  midnight. 

Mr.  Boyd  has  addressed  several  of  our  Branches  during  the  past 
winter  and  is  preparing  an  article  on  the  subject  of  welding  which  will 
appear  in  The  Journal. 

Ottawa  Branch 

F.  C.  C.  Lynch,  A.M.E.I.C.,  Secretary-Treasvrer. 
The  Present  Status  of  Tidal  Power 

At  the  first  noon  luncheon  of  the  1935-1936  year,  held  at  the 
Chateau  Laurier  on  February  21st,  1935,  H.  E.  M.  Kensit,  m.e.i.c, 
M.A.I.E.E.,  spoke  upon  "The  Present  Status  of  Tidal  Power."  Dr. 
R.  W.  Boyle,  m.e.i.c,  chairman  of  the  Ottawa  Branch,  presided,  and 
in  addition  head  table  guests  included:  J.  L.  Busfield,  m.e.i.c,  of 
Montreal;  Hon.  T.  G.  Murphy,  C.  A.  Magrath,  m.e.i.c.  Dr.  A.  E. 
Cameron,  R.  A.  Gibson,  Norman  Marr,  m.e.i.c,  Prof.  A.  S.  Cudmore, 
G.  S.  Wrong,  J.  A.  Rodd,  J.  L.  Stiver,  L.  S.  McLaine,  and  Victor 
Meek,  m.e.i.c 

Tidal  power  utilization,  Mr.  Kensit  stated,  is  not  new.  Probably 
the  earliest  tidal  plant  was  the  water-wheel  installed  by  a  Dutchman, 
Peter  Morice,  in  one  of  the  arches  of  London  Bridge  in  1582,  to  operate 
a  pump  for  water  supply — this  was  in  use,  with  extensions,  for  over  one 
hundred  years.  Other  more  recent  examples  of  small  installations  have 
been  in  existence  for  many  years  in  America.  The  question  really  is 
not  so  much  can  power  from  tidal  sources  be  developed,  as,  is  such 
development  commercially  practicable  on  a  larger  scale?  At  present 
both  capital  and  production  costs  of  tidal  power  appear  to  be  slightly 
above  the  best  obtainable  from  fuel  or  from  possible  available  un- 
developed water  powers. 

Also  the  technical  aspect  of  tidal  power  production  is  more  involved 
than  is  the  case  with  the  usual  water  power  development. 

Several  types  of  tidal  power  development  are  possible:  the  single 
basin  type,  either  unassisted  or  used  in  conjunction  with  other  power 
stations;  the  single  basin  type  supplemented,  where  possible,  by  ele- 
vated natural  water  storage  to  which  water  may  be  pumped  by  the 
surplus  power  at  high  tide,  the  combination  furnishing  continuous 
power;  the  single  basin  type  supplemented  by  fuel  auxiliary;  and 
various  forms  of  the  multiple  basin  type  that  can  be  operated  to  give 
continuous  power  without  either  elevated  storage  or  fuel  auxiliary. 

L.irge  scale  projects  for  the  development  of  tidal  power  have  been 
under  investigation  in  various  parts  of  the  world :  on  the  eastern  coast 
of  the  Argentine;  on  the  coast  of  Brittany;  on  Passamaquoddy  bay  and 
at  the  junction  of  the  Petitcodiac  and  Memramcook  rivers  in  Canada; 
and  on  the  estuary  of  the  Severn  river  between  England  and  Wales. 

Two  of  these  that  have  received  most  thorough  investigation  are 
those  on  the  Severn  in  England  and  on  Passamaquoddy  bay  in  Canada. 
The  latter,  in  addition  to  examination  and  estimates  by  private  in- 
terests, has  been  investigated  by  the  Board  of  Engineers  of  the  United 
States  Army.  This  board  estimated  it  could  provide  for  an  ultimate 
installation  of  1,087,000  h.p.  at  a  cost  of  $100,000,000  or  $92  per  horse 
power,  which  is  a  substantially  lower  figure  than  that  so  far  estimated 
for  any  other  large  tidal  power  project. 

Probably  the  controlling  factor  in  holding  back  the  development  of 
large  tidal  power  projects  has  been  the  advances  that  have  been  made 
in  recent  years  in  reducing  both  the  capital  and  production  costs  of 
fuel  power.  The  coal  required  for  a  given  output,  for  instance,  has  been 
more  than  halved  in  the  last  fifteen  years. 

Peterborough  Branch 

H.  R.  Sills,  Jr.E.I.C,  Secretary. 
E.  J.  Davies,  Jr.E.I.C,  Branch  News  Editor. 

Artificial  Illumination  and  Its  Part  in  Modern  Life 

The  story  of  illumination  was  told  to  the  mem.bers  of  the  Peter- 
borough Branch  and  their  friends  on  February  21st,  1935,  in  the  audi- 
torium of  the  Peterborough  Collegiate  and  Vocational  School,  and  was 
presented  by  the  Canadian  General  Electric  Company,  the  Canadian 
Westinghouse  Company  and  the  Ontario  Hydro-Electric  Power  Com- 
mission. 

The  first  part  of  the  programme  was  covered  by  a  talking  picture 
entitled  "The  Science  of  Seeing,"  featuring  H.  F.  Barnes  of  the  Nela 
Park  laboratories  of  the  General  Electric  Company.  Lecturing  from  the 
screen,  Mr.  Barnes  outlined  the  fundamentals  in  the  relationship  of 
illumination  to  healthy  vision. 

Four  factors  in  regard  to  satisfactory  illumination  were  urged. 
Rooms  should  first  be  illuminated  with  light  of  an  intensity  high  enough 
to  serve  the  specific  needs.    Whereas  relatively  dim  light  is  satisfactory 


for  stairways  and  hallways,  very  bright  light  is  required  for  sewing  and 
the  reading  of  small  types.  Rooms  should  be  lighted  in  such  a  way  that 
little  lighting  contrast  is  permitted,  and  lighting  systems  should  be 
such  that  glares  are  avoided,  it  was  pointed  out. 

A  practical  demonstration  on  lighting  was  staged  by  Mr.  G.  F. 
Mudgett  of  the  Westinghouse  Company,  in  which  he  demonstrated 
different  kinds  of  lights  and  the  contrast  between  glaring  and  non- 
glaring  lights.  He  showed  that  by  covering  a  glaring  light  with  a  trans- 
parent shade  that  the  glare  was  eliminated  and  yet  the  light  intensity 
received  by  a  meter  was  not  diminished. 

Mr.  G.  G.  Cousins  of  the  Hydro-Electric  Power  Commission  spoke 
on  the  fundamental  principles  of  illumination  covering  the  light  inten- 
sity required  for  different  uses  of  the  eye.  He  demonstrated  the  ideal 
student  reading  lamp,  designed  by  the  Illuminating  Engineering  Asso- 
ciation to  cover  the  requirements  of  students.  The  bottom  of  the  shade 
of  these  lamps  is  at  a  distance  of  from  18  to  20  inches  from  the  table. 
The  light  used  is  100  watt,  part  of  which  is  thrown  directly  to  the 
ceiling  and  the  balance  through  a  transparent  secondary  shade  to  the 
table.  Mr.  Cousins  made  a  special  appeal  to  the  parents  on  behalf  of 
the  boys  and  girls  who  have  homework  to  do,  and  urged  the  parents  to 
see  that  young  people  were  supplied  with  suitable  lighting  in  order  to 
preserve  their  good  health  and  their  eyes. 

An  animated  cartoon  film  urging  the  importance  of  modernized 
lighting  systems  in  city  streets  rounded  out  the  programme.  Mr.  R. 
Wilde  of  the  Canadian  General  Electric  Company  officiated  in  the 
projection  of  the  pictures,  while  Mr.  Wm.  Dickson  assisted  Mr.  Mud- 
gett with  the  series  of  slides  depicting  properly  and  improperly  lighted 
rooms  in  homes.  The  meeting,  under  the  chairmanship  of  Ross  L. 
Dobbin,  m.e.i.c,  was  attended  by  more  than  three  hundred  persons 
who  thoroughly  enjoyed  the  programme. 

Quebec  Branch 

Jules  Joyal,  A. M.E.I.C,  Secretary-Treasurer. 

Some  Considerations  Governing  the  Undertaking  of 

Hydro-Electric  Power  Developments 

"The  author  has  endeavoured  in  this  paper  to  give  some  idea  of  the 
problems  to  be  encountered  when  any  hydro-electric  power  develop- 
ment is  under  consideration.  The  science  of  hydro-electric  power 
engineering  has  made  great  advances  in  recent  years,  but  the  difficulties 
to  be  surmounted  become  greater  all  the  time.  The  engineering  pro- 
fession has  also  increased  its  knowledge  and  it  is  hard  to  conceive  of 
any  problem  that  will  remain  unsolved  for  long.  Certainly  things  are 
being  accomphshed  to-day  that  would  have  been  mere  pipe  dreams  a 
few  years  ago." 

This  was  the  conclusion  of  the  paper  presented  by  E.  D.  Gray- 
Donald,  M.Sc,  a. m.e.i.c,  superintendent.  Power  Division,  Quebec 
Power  Company,  at  a  luncheon  meeting  of  the  Quebec  Branch  held  at 
the  Chateau  Frontenac  on  January  14th,  1935. 

"In  Canada  the  greater  amount  of  power  is  developed  by  hydraulic 
means;  the  installed  horse-power  at  the  end  of  1933  was  7,332,000  h.p., 
the  output  was  estimated  as  the  equivalent  of  15  million  tons  of  coal. 
In  a  country  where  the  few  available  coal  deposits  are  far  from  the 
centres  of  industry  it  is  a  very  important  factor." 

The  speaker  said  a  few  words  on  the  trends  in  hydro-electric  power 
development  and  briefly  described  the  Boulder  Dam  project  on  the 
Colorado  river. 

"The  popular  belief  that  electricity  generated  by  means  of  water 
power  is  always  cheaper  than  that  generated  in  steam  plants,  is  a 
fallacy.  The  reason  for  this  is  the  tremendous  capital  cost  of  hydraulic 
works,  the  cost  of  storage  water  as  an  operating  charge,  and  the  long 
distances  over  which  hydro-electric  power  usually  has  to  be  transmitted, 
involving  high  investment  in  transmission  lines  and  continuous  loss 
of  power.  Except  in  special  cases  careful  analysis  must  be  made  to 
find  which  is  the  more  economical  method  of  generation." 

"In  any  undertaking  for  the  supply  of  electric  power  there  are  a 
great  many  factors  to  be  considered,  the  two  fundamentals  of  which  are 
demand  for  power  and  available  source  of  water  supply." 

The  speaker  mentioned  the  manufacture  of  newsprint  paper  as 
one  of  the  greatest  industries  using  electricity  in  eastern  Canada  and 
gave  some  information  in  this  connection;  he  then  gave  valuable 
information  in  regard  to  theprojects  under  construction  or  to  be  executed 
in  the  future  on  the  St.  Maurice  river. 

The  question  of  water  supply  was  fully  dealt  with  and  geological 
considerations  were  mentioned  as  a  very  important  factor  governing  the 
location  of  a  dam. 

The  last  paragraph  of  Mr.  Gray-Donald's  lecture  was  dealing  with 
the  construction  organization  and  the  line  of  communication  with  the 
construction  force. 

La  Route  Moderns 

Tel  fut  le  sujet  d'une  tres  interessante  causerie  qui  fut  donn^e  a  un 
dejeuner  de  notre  section,  le  18  mars,  1935,  par  M.  Alphonse  Paradis, 
Ingenieur  en  Chef  au  Ministere  de  la  Voirie  de  la  Province  de  Quebec. 

Le  conf6rencier  fut  pr^sent^  a  I'auditoire  par  M.  Hector  Cimon, 
M.E.I.C,  pr&ident  de  la  section,  puis  M.  L.  P.  Meth^,  a.m.e.i.c,  Direc- 
teur  de  I'Ecole  Technique  de  Quebec,  proposa  un  vote  de  remerciements 
chaleureusement  seconde  par  les  applaudissements. 

Nous  croyons  que  la  causerie  de  M.  Paradis  sera  publi6e  pro- 
chainement  dans  ce  "Journal". 
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Sault  Ste.  Marie  Branch 

H.  0.  Broum,  A.M.E.I.C.,  Secretary-Treasurer. 

The  regular  monthly  meeting  of  the  Sault  Ste.  Marie  Branch  was 
held  at  the  Windsor  hotel  on  Friday  evening,  February  22nd,  1935. 
The  usual  form  of  dinner  meeting  was  followed,  and  about  sixteen  sat 
down  to  the  dinner  preceding  the  business  meeting. 

F.  Smallwood,  m.e.i.c,  the  chairman,  presided,  and  the  regular 
business  meeting  was  held  at  the  close  of  the  dinner.  The  members  of 
the  Branch  were  interested  in  the  "Proposed  Consolidation  of  the 
Engineering  Prnfessicn  in  Canada"  as  referred  to  in  the  resolution  of 
the  Montreal  Branch  presented  at  the  annual  meeting  held  in  Toronto, 
and  also  the  resolutions  passed  at  the  Toronto  meeting. 

The  Branch  asked  that  the  Executive  review  the  correspondence 
and  proposal?  received  and  be  prepared  to  present  a  resolution  to  the 
Branch  at  a  later  meeting. 

The  speaker  of  the  evening,  Mr.  James  Kelleher,  of  the  Fitzgerald 
Laboratories,  was  introduced  by  H.  F.  Bennett,  a. m.e.i.c,  and  the 
subject  of  his  address  was  "Research  Work  in  the  Ceramic  Industry." 
Rese.\rch  Work  in  the  Ceramic  Industry 

The  speaker  pointed  out  that  the  ceramic  industry  covered  a  very 
large  field  when  defined  as  the  art  of  making  pottery,  china  and  por- 
celain wares.  As  it  may  be  naturally  divided  into  coarse  products  such 
as  brick,  tile  and  terra-cctta,  and  fine  products  as  chinaware  and  por- 
celains, the  paper  was  confined  to  the  fine  products. 

An  outline  of  the  origin  of  the  clays,  the  preparation  of  the  clays, 
the  moulding  of  the  various  types  of  articles,  the  firing  or  baking,  the 
decorating  and  glazing  were  all  described  very  fully  by  Mr.  Kelleher  and 
illustrated  with  large  diagrams. 

The  special  research  work  carried  out  at  the  Fitzgerald  Laboratories 
a  few  years  ago  and  with  which  Mr.  Kelleher  was  associated  was  prin- 
cipally in  connection  with  the  porcelains  for  spark  plugs  for  motor  cars. 

A  special  electric  furnace  was  developed  for  the  research  work  and 
the  various  problems  met  with  such  as  irregular  baldng  and  shrinkage 
and  "blistering"  were  finally  overcome.  The  final  results  attained  were 
a  more  durable  product,  a  greatly  reduced  manufacturing  time  and 
shrinkages  contn  lied  within  the  limits  allowed. 

Reference  was  also  made  to  some  research  work  carried  on  in  the 
baking  cf  "abrasive"  wheels  in  the  electric  furnace  and  also  other 
articles  which  presented  difficulties  in  the  ordinary  gas  or  oil-fired 
furnaces. 

The  meeting  was  thrown  open  for  questions  at  the  close  of  the  paper 
and  the  subject  proved  to  be  of  great  interest  to  all  the  members  present. 

A  very  hearty  vote  of  thanks  was  extended  to  Mr.  Kelleher  by  the 
members  of  the  Branch  for  the  presentation  of  his  paper. 

Winnipeg  Branch 

J.  F.  Cunningham,  A. M.E.I.C,  Secretary-Treasurer, 

H.  L.  Briggs,  A.M.E.I.C,  Branch  News  Editor. 

Annual  Supper  Dance 

In  no  small  way  were  the  Winnipeg  Branch  of  The  Institute 
together  with  the  Association  of  Professional  Engineers  of  Manitoba 
successful  with  their  ninth  annual  supper  dance,  held  in  the  Royal 
Alexandra  hotel  on  the  evening  of  February  21st,  1935. 

The  main  dining  room  was  most  effectively  decorated  for  the  oc- 
casion. The  entire  ceiling  was  draped  with  gold,  scarlet  and  blue.  From 
a  setting  in  silver  stars  a  golden  moon  shone  down  upon  a  Venetian 
scene,  while  the  orchestra  in  a  scarlet  and  gold  gondola  supplied  the 
latest  dance  music  for  a  capacity  gathering  of  carefree  engineers,  their 
wives  and  friends.  Lantern  lights  from  gay  gondola  pontoons  and 
coloured  tapers  lit  up  the  flower-decked  supper  tables. 

S.  E.  McColl,  A.M.E.I.C,  and  his  committee  are  to  be  highly  com- 
plimented on  their  efforts,  which  truly  warranted  the  successful  evening. 
Report  of  Annual  Meeting 

The  annual  meeting  of  the  Winnipeg  Branch  of  The  Institute  was 
held  at  the  University  of  Manitoba  on  Thursday,  February  7th,  1935, 
at  8.40  o'clock  p.m.  Major  A.  J.  Taunton,  a. m.e.i.c,  occupied  the 
chair. 

The  minutes  of  the  previous  meeting  were  read  by  the  Secretary 
and  adopted.  The  chairman  reported  that  as  the  proposals  for  the 
joint  Executive  Control  of  the  Branch  and  of  the  Association  of  Pro- 
fessional Engineers  of  Manitoba  had  not  become  effective,  the  amend- 
ments to  the  By-laws  of  the  Branch  were  unnecessary,  and  that  amend- 
ments affecting  the  method  of  securing  the  consent  of  nominees  for 
candidature  at  elections  were  being  considered  by  F.  G.  Goodspeed, 

M.E.I.C 

The  chairmen  of  the  following  committees  read  their  reports :  Joint 
Committee  on  Unemployment,  Professor  J.  N.  Finlayson,  m.e.i.c; 
Library  and  Publication,  J.  F.  Cunningham,  a. m.e.i.c;  Programme 
Committee,  G.  E.  Cole,  a. m.e.i.c.  The  Secretary  read  the  report  of  the 
auditors,  Messrs.  J.  C.  Trueman,  a.m. e. i.e.,  and  Alex  Campbell, 
A.M.E.I.C,  and  that  of  the  scrutineers,  Messrs.  G.  Affleck,  a. m.e.i.c, 
and  F.  E.  Umphrey,  a. m.e.i.c. 

The  following  chairmen  of  committees  were  elected:  Advisory 
C'ommittcc,  K.  W.  M.  James,  a. m.e.i.c;  Library  and  Publications  Com- 
mittee, L.  M.  Hovey,  a. m.e.i.c;  Programme  Committee,  W.  D.  Hurst, 
s.E.i.c ;  Research  and  Investigation  Committee,  F.  G.  Goodspeed, 
M.e.i.c;  Branch  representative  on  The  Institute  Nominating  Com- 


mittee, A.  J.  Taunton,  a.m.e.i.c.    Auditors,  G.  M.  Pearston,  a. m.e.i.c, 
and  J.  T.  Rose,  a.m.e.i.c. 

The  retiring  chairman  then  made  his  address,  after  which  he  an- 
nounced that  the  secretary,  Mr.  E.  W.  M.  James,  was  also  retiring,  and 
made  very  appreciative  remarks  in  connection  with  Mr.  James'  long 
term  of  office. 

The  incoming  chairman  then  took  the  chair  and  introduced  the 
speaker.  Professor  Wardle,  professor  of  zoology  of  the  L^niversity  of 
Manitoba,  who  gave  a  "New  Discourse  on  a  Stale  Topic,"  in  which  he 
dealt  with  the  place  of  the  imagination  in  scientific  observations,  par- 
ticularly in  the  field  of  mediaeval  pharmacy,  zoology  and  medicine  and 
surgery. 

Professor  G.  H.  Herriot,  m.e.i.c,  moved  a  vote  of  thanks  to  the 
speaker  and  the  meeting  adjourned  at  11  o'clock  p.m.,  after  which 
refreshments  were  served. 

Explosives  in  Peaceful  Pursuits 

A  good  audience  of  engineers  made  their  way  through  Winnipeg's 
record  fall  of  snow  to  hear  Mr.  J.  S.  Morrey,  Explosives  Division, 
Canadian  Industries  Limited,  present  a  paper  entitled  "Explosives  in 
Peaceful  Pursuits"  on  March  7th  last. 

Mr.  Morrey  defined  an  explosive  as  a  substance  which  by  the 
application  of  friction,  heat,  spark,  or  shock  would  instantly  be  con- 
verted into  an  enormous  volume  of  gas. 

Liquid  and  highly  dangerous  nitroglycerin  was  made  comparatively 
safe  by  Alfred  Nobel,  by  dissolving  gun  cotton  in  it,  thereby  producing 
gelatinized  dynamite.  The  new  product  opened  the  gateway  to  the 
commercial  use  of  high  explosives. 

When  explosed,  the  first  dynamites  gave  off  large  quantities  of 
poisonous  gases.  'Today,  dynamites  can  be  obtained  which  include 
ingredients  which  make  the  gas  products  almost  entirely  harmless. 

The  percentage  of  a  dynamite  means  the  percentage  strength  of 
the  dynamite,  compared  with  pure  nitroglycerin.  The  speed  of  ex- 
plosion of  a  dynamite  is  known  as  its  velocity  of  detonation,  and  is  as 
high  as  12,800  feet  per  second. 

Black  powder  is  a  mixture  of  charcoal  16  per  cent,  sulphur  11 
per  cent,  and  saltpetre  73  per  cent.  It  is  used  chiefly  in  coal  mines  for 
its  'heaving'  action,  where  a  fast  explosive  would  shatter  the  coal. 

In  mines  where  gas  is  met  with,  a  'permitted'  explosive  is  used. 
This  is  a  low  grade  dynamite,  which  because  of  its  reduced  burning  time 
as  compared  with  black  powder,  minimizes  the  possibility  of  the  ex- 
plosion igniting  the  mine  gas. 

The  hour  of  questions  and  discussion  which  followed  the  presenta- 
tion of  Mr.  Morrey's  paper  showed  the  general  interest  in  the  subject. 
A  hearty  vote  of  thanks  was  tendered  the  speaker,  after  which  those 
present  enjoyed  light  refreshments  and  a  social  half  hour. 

Association  of  Professional  Engineers 
of  Saskatchewan 

The  fifth  annual  meeting  of  the  Association  of  Professional  Engi- 
neers of  Saskatchewan,  was  held  at  the  Hotel  Saskatchewan,  Eegina, 
on  February  15th,  1935.  The  afternoon  was  taken  up  with  a  Council 
meeting  and  the  general  meeting  of  the  Association,  at  which  general 
business  was  transacted. 

At  this  meeting,  Mr.  D.  A.  R.  McCannel,  m.e.i.c,  chairman  of  the 
committee  for  co-ordinating  the  activities  of  engineering  organizations 
in  the  province,  presented  a  report  which  contained  the  following 
recommendations  which  were  adopted  by  the  meeting: 

(1)  That  the  Professional  Association  in  Annual  Meeting  to-day 
approve  the  following  resolution- — "resolved  that  the  Association 
of  Professional  Engineers  of  Saskatchewan  in  Annual  General 
Meeting  assembled  hereby  goes  on  record  as  being  in  favour  of 
the  consolidation  of  the  engineering  profession  in  Canada. 

(2)  That  the  Council  of  the  Association  and  the  Saskatchewan  Branch, 
Engineering  Institute  of  Canada,  give  early  consideration  to  the 
appointment  of  a  joint  Secretary,  preferably  a  member  of  both 
societies,  who  is  in  private  practice. 

(3)  That  the  Association  of  Professional  Engineers  of  Saskatchewan 
arrange  annually  for  a  general  meeting  of  all  Saskatchewan 
engineers  to  consider  and  promote  the  interests  of  the  engineering 
profession  and  of  the  province. 

(4)  That  the  Council  of  the  Association  of  Professional  Engineers 
endeavour  insofar  as  possible,  to  arrange  for  its  Council  meetings 
at  a  date  that  will  coincide  with  meetings  of  engineering  societies 
in  Regina. 

The  result  of  the  ballot  for  election  of  officers  was  as  follows: 
President,  H.  C.  Ritchie,  a.m.e.i.c;  vice-president,  D.  A.  R.  McCannel, 
m.e.i.c;  Councillors,  H.  Forbes-Roberts,  S.  T.  Lewis,  A.  P.  Linton, 
a.m.e.i.c.  These,  with  the  following,  who  remain  in  office  for  one  year 
constitute  the  new  executive.  Those  remaining  in  the  Council :  H.  R . 
MacKenzie,  a.m.e.i.c,  W.  W.  Perrie,  a.m.e.i.c,  J.  J.  White,  a.m.e.i.c, 
and  Professor  W.  E.  Lovell,  a.m.e.i.c.  And  one  member  from  the  faculty 
of  the  University  to  be  appointed  by  the  Lieutenant-Governor-in- 
Council. 

An  audited  financial  statement  presented  showed  cash  on  hand  of 
$702.62  and  a  Dominion  Government  5  per  cent  bond  for  $1,000. 

The  evening  was  given  up  to  a  banquet  presided  over  by  the  new 
president,  Mr.  Ritchie,  and  musical  and  other  entertainment  was 
provided  by  the  entertainment  committee. 
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Preliminary   Notice 

of  Applications  for  Admission  and  for  Transfer 


March  23rd,  1935 

The  By-laws  provide  that  the  Council  of  The  Institute  shall 
approve,  classify  and  elect  candidates  to  membership  and  transfer 
from  one  grade  of  membership  to  a  higher. 

It  is  also  provided  that  there  shall  be  issued  to  all  corporate 
members  a  list  of  the  new  applicants  for  admission  and  for  transfer, 
containing  a  concise  statement  of  the  record  of  each  applicant  and 
the  names  of  his  references. 

In  order  that  the  Council  may  determine  justly  the  eligibility 
of  each  candidate,  every  member  is  asked  to  read  carefully  the  list 
submitted  herewith  and  to  report  promptly  to  the  Secretary  any  facts 
which  may  affect  the  classification  and  selection  of  any  of  the  candidates. 
In  cases  where  the  professional  career  of  an  applicant  is  known  to  any 
member,  such  member  is  specially  invited  to  make  a  definite  recom- 
mendation as  to  the  proper  classification  of  the  candidate.* 

If  to  your  knowledge  facts  exist  which  are  derogatory  to  the 
personal  reputation  of  any  applicant,  they  should  be  promptly  com- 
municated. 

Communications  relating  to  applicants  are  considered  by 
the  Council  as  strictly  confidential. 


The  Council  will  consider  the  applications  herein  described  in 
May,  1935. 

R.  J.  DuRLEY,  Secretary. 


•The  professional  requirements  are  as  follows. — 

A  Member  shall  be  at  least  thirty-five  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  twelve  years,  which  period  may  include 
apprenticeship  or  pupilage  in  a  qualified  engineer's  office,  or  a  term  of  instruction  in  a 
school  of  engineering  recognized  by  the  Council.  The  term  of  twelve  years  may,  at 
the  discretion  of  the  Council,  be  reduced  to  ten  years  in  the  case  of  a  candidate  for 
election  who  has  graduated  from  a  school  of  engineering  recognized  by  the  Council. 
In  every  case  the  candidate  shall  have  held  a  position  in  which  he  had  responsible 
charge  for  at  least  five  years  as  an  engineer  qualified  to  design,  direct  or  report  on 
engineering  projects.  The  occupancy  of  a  chair  as  a  professor  in  a  faculty  of  applied 
science  of  engineering,  after  the  candidate  has  attained  the  age  of  thirty  years,  shall 
be  considered  as  responsible  charge 

An  Associate  Member  shall  be  at  least  twenty-seven  years  of  age,  and  shall  have 
been  engaged  in  some  branch  of  engineering  for  at  least  six  years,  which  period  may 
include  apprenticeship  or  pupilage  in  a  qualified  engineer's  office  or  a  term  of  instruction 
in  a  school  of  engineering  recognized  by  the  Council.  In  every  case  a  candidate  for 
election  shall  have  held  a  position  of  professional  responsibility,  in  charge  of  work  as 
principal  or  assistant,  for  at  least  two  years.  The  occupancy  of  a  chair  as  an  assistant 
professor  or  associate  professor  in  a  faculty  of  applied  science  of  engineering,  after  the 
candidate  has  attained  the  age  of  twenty-seven  years,  shall  be  considered  as  pro- 
fessional responsibility. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council  shall  be  required  to  pass  an  examination  before  a  board  of  examiners 
appointed  by  the  Council.  The  candidate  shall  be  examined  on  the  theory  and  practice 
of  engineering,  with  special  reference  to  the  branch  of  engineering  in  which  he  has  been 
engaged,  as  set  forth  in  Schedule  C  of  the  Rules  and  Regulations  relating  to  Examina- 
tions for  Admission.  He  must  also  pass  the  examinations  specified  in  Sections  9  and  10, 
if  not  already  passed,  or  else  present  evidence  satisfactory  to  the  examiners  that  he 
has  attained  an  equivalent  standard.  Any  or  all  of  these  examinations  may  be  waived 
at  the  discretion  of  the  Council  if  the  candidate  has  held  a  position  of  professional 
responsibility  for  five  or  more  years. 

A  Junior  shall  be  at  least  twenty-one  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  four  years.  This  period  may  be  reduced  to 
one  year  at  the  discretion  of  the  Council  if  the  candidate  for  election  has  graduated 
from  a  school  of  engineering  recognized  by  the  Council.  He  shall  not  remain  in  the 
class  of  Junior  after  he  has  attained  the  age  of  thirty-three  years,  unless  in  the  opinion 
of  Council  special  circumstances  warrant  the  extension  of  this  age  limit. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council,  or  has  not  passed  the  examinations  of  the  third  year  in  such  a  course, 
shall  be  required  to  pass  an  examination  in  engineering  science  asset  forth  in  Schedule  B 
of  the  Rules  and  Regulations  relating  to  Examinations  for  Admission.  He  must  also 
pass  the  examinations  specified  in  Section  10,  if  not  already  passed,  or  else  present 
e\-idence  satisfactory  to  the  examiners  that  he  has  attained  an  equivalent  standard. 

A  Student  shall  be  at  least  seventeen  years  of  age,  and  shall  present  a  certificate 
of  having  passed  an  examination  equivalent  to  the  final  examination  of  a  high  school, 
or  the  matriculation  of  an  arts  or  science  course  in  a  school  of  engineering  recognized 
by  the  Council. 

He  shall  either  be  pursuing  a  course  of  instruction  in  a  school  of  engineering 
recognized  by  the  Council,  in  which  case  he  shall  not  remain  in  the  class  of  Student  for 
more  than  two  years  after  graduation;  or  he  shall  be  receiving  a  practical  training  in 
the  profession,  in  which  case  he  shall  pass  an  examination  in  such  of  the  subjects  set 
forth  in  Schedule  A  of  the  Rules  and  Regulations  relating  to  Examinations  for  Ad- 
mission as  were  not  included  in  the  high  school  or  matriculation  examination  which 
he  has  already  passed;  he  shall  not  remain  in  the  class  of  Student  after  he  has  attained 
the  age  of  twenty-seven  years,  unless  in  the  opinion  of  Council  special  circumstances 
warrant  the  extension  of  this  age  limit. 

An  Affiliate  shall  be  one  who  is  not  an  engineer  by  profession  but  whose  pursuits, 
scientific  attainments  or  practical  experience  qualify  him  to  co-operate  with  engineers 
in  the  advancement  of  professional  knowledge. 


The  fact  that  candidates  give  the  names  of  certain  members  as  reference  does 
not  necessarily  mean  that  their  applications  are  endorsed  by  such  members. 


FOR  ADMISSION  • 

BOWEN— HENRY  BLAKE,  of  3018  Breslay  Road,  .Montreal,  Que.,  Born  at 
Chapel-en-le- Frith,  Derbyshire,  England;  Educ,  1903-0.5,  Manchester  School  of 
Technology:  1900-Oi,  Crossiey  Bros..  Manchester,  England:  With  thcC.PR.  asfollows: 
190,5-06,  special  ap'tice,  Angus  Shops;  1900-07,  dftsman.,  Winnipeg;  1908.  foreman, 
loco,  shops,  Winnipeg;  1909-11,  shop  engr.,  Winnipeg:  1911-19,  chief  dftsman.,  Win- 
nipeg; 1920-27,  works  manager,  Winnipeg  shops;  1928;  asst.  supt.,  motive  power,  and 

1928  to  date,  chief  of  motive  power  and  rolling  stock. 

References:  W.  F.  Angus,  D.  E.  Blair,  W.  F.  Drysdale,  J.  M.  R.  Fairbairn,  P.  B. 
Motley,  J.  A.  Shaw,  E.  J.  Turley,  H.  H.  Vaughan. 

BUCK— LESLIE  GORDON,  of  Lachine,  Que.,  Born  at  Brantford,  Ont.,  July 
8th,  1903;  Educ,  B.A.Sc,  Univ.  of  Toronto,  1925;  With  the  Bell  Telephone  Company 
of  Canada  as  follows:  1924-25,  student  engr.,  Toronto;  1925-27,  field  engr  ,  Toronto 
Divn.;  1927-29,  dist.  plant  engr.,  Toronto  Divn.;  1929-30,  asst.  to  exchange  plant 
engr.,  gen.  engrg.  dept.,  Montreal;  1930-34,  exchange  plant  engr.,  eastern  area,  Mont- 
real; 1934  to  date,  divn.  plant  engr.,  Montreal  Divn. 

References:  A.  M.  Reid,  A.  M.  Mackenzie,  G.  E.  Templeman,  J.  L.  Clarke,  J.  G. 
Caron,  R,  W.  Bastable,  S.  G.  Naish,  T.  C.  Thompson. 

DE  MIFFONIS— LOUIS  FERNAND  HENRI,  of  Ottawa,  Ont.,  Born  at  Paris. 
France,  May  24th,  1882;  Educ,  B.Sc,  Univ  of  Paris,  1900.  Two  years  special  course 
maths  and  physics;  1905,  supervising  constrn.  work  for  Pepin  &  Cie  ,  Ottawa;  With 
Dept.  of  Marine,  Ottawa,  as  follows:  dftsman.;  1907-10,  design  of  aids  to  navigation, 
more  particularly  concrete  structures,  and  field  supervising;  1911-23,  in  charge  of 
design  and  improvement  of  lighthouse  apparatus;  research  work  in  connection  with 
same;  supervision  of  their  manufacture  at  the  Dominion  Lighthouse  Depot;  1924-28, 
in  charge  of  Dominion  Lighthouse  Depot.  (Manufacture  of  aids  to  navigation  for  all 
Candn.  Lighthouse  Service);  1929-32,  acting  asst.  chief  engr.,  and  1933  to  date,  acting 
chief  engr.  of  Dept.  of  Marine. 

References:  J.  L.  Busfield,  J.  A.  E.  Gohier,  J.  G.  Macphail,  F.  Anderson,  C.  P. 
Edwards,  K.  M.  Cameron,  R.  deB.  Corriveau. 

FYSHE— THOMAS  MAXWELL,  of  Montreal,  Que.,  Born  at  Halifax,  N.S., 
Sept.  7th,  1883;  Educ,  B.Sc.  (Civil),  MoGill  Univ.,  1905;  1901,  Geol.  Survey,  Canada; 
1902,  General  Electric  shops,  Schenectady;  1903,  rodman,  C.P.R.,  Regina;  1904, 
transitman,  C.P.R.,  Vancouver;  1905-06,  asst.  engr.,  Waddell  &  Hedrick,  consltg. 
engrs.,  Kansas  City,  design  and  constrn.;  1906-07,  asst.  to  R.  S.  Lea,  m.e.i.c,  Mont- 
real, as  designing  engr.,  and  salesman,  Corrugated  Steel  Bar  Co.,  Montreal;  1908-11, 
mgr.,  Walker-Fyshe  Co.,  Montreal,  engrs.  and  contractors.  Operating  Raymond 
Concrete  Pile  Co.  and  Ambursen  Hydraulic  Constrn.  Co.;  1911-15,  President,  Fyshe- 
Martin  Co.,  and  Fyshe,  McNeill  Martin  &  Trainor  Ltd.,  Calgary,  engrs.  and  con- 
tractors. President,  North  West  Drilling  Co.,  Vice-President,  Can.  West.  Nat.  Gas, 
L.H.  &  P.  Co.,  Calgary;  1916-19,  mgr.,  and  after  first  year,  partner  for  Canada,  Gunn, 
Richards  &  Co.,  engrs.  and  accountants,  Montreal  and  New  York;  1920-24,  private 
practice,  Montreal,  Okla.,  Texas,  Arkansas.  Oil  development  and  production,  etc.; 
1925-31,  investigations  and  reports  for  financial  firms.  New  York  and  Montreal; 
Bivuer,  Pond  &  Vivian,  and  H.  D.  Williams  &  Co.,  New  York;  .Vesbitt  Thomson  & 
Co.,  and  Power  Corpn.  of  Canada,  Montreal;  1932  to  date,  private  practice,  investiga* 
tions  and  reports,  mostly  financial. 

References:  R.  S.  Lea,  W.  S.  Lea,  J.  G.  G.  Kerry,  J.  B.  Woodyatt,  R.  J.  Durley, 
H.  B.  Muckleston,  C.  M.  Morssen,  C.  N.  Monsarrat. 

GRATTON— ALPHONSE,  of  84  St.  Louis  Road,  Quebec.  Que.,  Born  at  Ste. 
Therese.  Que.,  March  30th,  1888;  Educ,  B.A.Sc,  C.E.,  Ecole  Polytechnique,  Mont- 
real, 1912;  1909-12,  asst.  to  engrs.,  and  1912-15,  asst.  engr..  Harbour  Commission  of 
Montreal;  191.5-19,  asst  engr.,  Montreal  Water  Level  Commission,  Dept.  Marine  and 
Fisheries;  1919-32,  divn.  engr.,  and  1932-35,  dist.  engr.,  Dept.  of  Roads,  Prov.  of 
Quebec,  also  1925-35,  professor  of  highway  engrg.,  Ecole  Polytechnique,  Montreal. 

References:  F.  W.  Cowie,  O.  O.  Lefebvre,  .4.  Frigon,  .\.  Daperron,  J.  P.  Leclaire, 
J.  A.  Lalonde,  A..  B.  Normandln. 

GAUTHIER— JO.SEPH  EUGENE,  of  Gaspe,  Que..  Born  at  New  Richmond, 
Que.,  Feb.  9th,  1907;  Educ,  1921-23,  St.  Joseph's  Univ.,  Memremcook,  N.B.  1925-2G, 
commercial  course,  Commercial  Academy,  Quebsc,  Que.;  Three  years  in  woods  study- 
ing surveys,  classification  and  measurement  of  lumber.  Lumber  scaler  license  obtained 
in  1925;  I.C.S.  Highway  Engrg.  Course.  Private  tuition;  192.3-27,  woods  survey, 
classification,  and  measurements  of  lumber,  Lincoln  Mills,  Pulpwood  Company,  and 
Bonaventure  Pulp  &  Paper  Co.,  Chandler;  1927-30,  clerk  in  Roads  Dept.  office  at 
Gaspe,  and  1930  to  dale,  asst.  divnl.  engr..  Quebec  Roads  Dept.  Work  includes 
charge  of  municipal  roads  built  by  municipalities  of  Gaspe  North  and  Gaspe  South, 
charge  of  constrn.  of  Perron  Blvd.  Route  No.  6,  around  Gaspe  Peninsula,  constrn. 
of  wooden  bridges,  elimination  of  rid.  crossings,  Chandler,  constrn.  of  permanent 
pavement  in  Chandler,  upkeep  and  mtce.  of  highway  in  Gaspe  South. 

References;  J.  \.  Lefebvre,  J.  N.  T.  Bertrand,  J.  A.  .\dam,  J.  A.  L.  Dansereau, 
J.  H.  Landry. 

HERSHFIELD— CHARLES,  of  Toronto,  Ont.,  Born  at  Winnipeg,  Man.,  Dec 
24th,  1910;  Educ  ,  B.Sc.  (Civil),  Univ.  of  Man.,  1930;  1928  (summer),  and  May  1929 
to  .\pril  1930,  dfting  and  estimating,  Winnipeg  office,  and  1930  (May-Sept.),  detailing 
of  struct'l.  steel  and  reinforced  concrete.  Dominion  Bridge  Company,  Winnipeg;  Sept. 
1930  to  May  1932,  designing,  dfting.,  detailing,  engrs.  dept..  City  of  Winnipeg. 

References:  H.  M.  White,  J.  N.  Finlayson,  W.  P.  Brereton,  A.  E.  MacDonald, 
J.  C.  Trueman. 

LYMAN— CHARLES  PHILIP,  of  4155  Cote  des  Neiges  Rd.,  Montreal,  Que., 
Born  at  Westmount,  Que.,  Aug.  25th,  1907;  Educ,  BE.,  McGill  Univ.,  1933;  Sum- 
mers: 1925,  rodman  on  constrn.,  .Southern  Canada  Power  Co.;  1926,  instr'man.  on 
location  surveys,  Shawinigan  Engrg.  Co.;  1928,  instr'man..  Can.  Inter.  Paper  Co.; 
1927  (Mar. -Sept.),  instr'man.,  Fraser  Brace  Engrg.  Co.;  1927  (.Sept. -Nov.),  instr'man., 
Montreal  Engrg.  Co.;  1928  (Jan.-Feb),  instr'man.,  Can.  Inter.  Paper  Co.;  1928 
(Mar. -Apr.),  field  engr.  on  transmission  line  constrn.,  Fraser  Brace  Engrg.  Co.;  Sept. 

1929  to  Jan.  1930,  field  engr.  on  trans,  line  constrn.,  and  1931  (Aug. -Nov.),  chief  of 
survey  parties,  St.  Maurice  River,  Shawinigan  Engrg.  Co.;  1930  (Jan-May),  dftsman., 
J.  M.  Robertson,  m.e.i.c;  1934  (Jan.-Mar),  dftsman.,  R.  O.  Sweezey,  m.e.i.c;  1934 
(Mar. -Nov.),  field  engr.,  supervn.  of  constrn  ,  Sun  Oil  Co.  Ltd. 

References:  J.  A.  H.  Henderson,  C.  R.  Lindsej',  T.  M.  Montague,  J.  S.  H.  Wurtele, 
R.  E.  Heartz,  J.  Weir,  E.  Brown. 

MACGILLIVRAY— MALCOLM  STUART,  of  Montreal,  Que.,  Born  at  King- 
ston, Ont.,  May  18th,  1901;  Educ,  B.Sc,  Queen's  Univ.,  1923;  1923-25,  engrg.  ap'tice. 
course,  Canadian  Westinghouse  Co.  Ltd.,  Hamilton,  Ont.;  1925-26,  demonstrator, 
elec  engrg.,  Univ.  of  Toronto;  1926-29,  asst.  elect'l.  supt..  Aluminum  Co.  of  Canada 
Ltd.,  Arvida,  Que.;  1929  to  date,  with  T.  Pringle  &  Son,  Ltd.,  consltg.  engrs.,  Mont- 
real, responsible  for  design  and  supervision  of  elect'l.  and  mech'I.  equipment  in  num- 
erous industrial  plants;  also  investigations  and  reports  on  industrial  engrg.  and 
power  problems. 

References:  J.  S.  Costigan,  G.  M.  Wynn,  J.  M.  Campbell,  D.  M.  Jemmett,  A.  W. 
Whitaker,  Jr.,  G.  E.  Templeman,  A.  C.  Johnston. 
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NEWMAN— WILLIAM  ARTHUR,  of  488  Mount  Pleasant  Ave.,  Westmount, 
Que.,  Born  at  Hamilton,  Ont.,  June  29th,  1889;  Educ,  B.Sc,  Queen's  Univ.,  1911; 
1908-9-10,  various  short  term  positions  securing  engrg.  and  constrn'I.  experience 
during  vacations;  1911-13,  various  positions  at  Angus  shops  and  Smiths  Falls  round- 
house, C.P.R.;  1913-14,  lecturer  in  maths.,  and  1914-16,  asst.  professor,  mech'l. 
engrg..  Queen's  University;  With  the  C.P.R.,  at  Montreal  as  follows:  1916-17,  supv. 
betterments;  1917-18,  asst.  mech.  engr.;  1918-20,  engr.  of  locomotive  constrn.;  1920-23, 
engr.  of  locomotive  and  car  constrn.;  1923-28,  mech.  engr.,  and  1928  to  date,  chief 
mech.  engr. 

References:  J.  M.  R.  Fairbairn,  P.  B.  Motley,  H.  H.  Vaughan,  F.  Newell,  D.  G. 
Anglin,  R.  J.  Durley,  D.  E.  Blair. 

SPENCER— HENRY  CYRIL,  of  4321  Beaconsfield  Ave.,  Montreal,  Que.,  Born 
at  Norwood,  London,  England,  May  20th.  1896;  I.C.S.  Montreal  Technical  Institute, 
2nd  and  3rd  year  electro-technics;  1912  to  date  (except  1915-19,  military  service), 
with  Northern  Electric  Company  as  follows:  1912-13,  shops;  1913-14,  planning  dept. ; 
1919-25,  mech'l.  divn.,  tool  design,  dfting.,  and  tool  checking;  1925-29,  tool  estimating 
and  in  charge  of  automatic  screw  mach.  tools  and  equipment;  1929  to  date,  in  charge, 
design  dept.,  screw  mach.  tools  and  equipment. 

References:  J.  D,  Hathaway,  W.  H.  Eastlake,  J.  S.  Cameron,  S.  R.  McDougall, 
H.  Miller. 

FOR  TRANSFER  FROM  THE  CLASS  OF  ASSOCIATE  MEMBER  TO  THAT 
OF  MEMBER 

ARCHIBALD— SAMUEL  WALLACE,  of  London,  Ont.,  Born  at  Seaforth,  Ont., 
May  13th,  1894;  Educ,  B.A.Sc.  (Civil),  Univ.  of  Toronto,  1922.  O.L.S.,  1925.  R.P.E. 
Ont.;  1916-18,  overseas.  Major,  C.E.F. ;  1919,  chainman,  and  1920,  instr'man.  on 
location,  res.  on  constrn.  riy.  spur  and  transmission  line,  Nipissing  district,  with 
Lang  &  Ross,  Ltd.,  Sault  Ste.  Marie,  Ont.;  1921.  instr'man.,  with  H.  .J.  Beatty,  O.L.S., 
Pembroke,  Ont.;  1922-23,  instr'man.  in  charge  of  party,  Sudbury  district,  with  J.  W. 
Fitzgerald,  O.L.S.,  Peterborough;  1922-23,  instructor  in  engrg.  drawing  and  maths., 
Sault  Ste.  Marie  Tech.  School;  1923-24,  demonstrator,  dept.  of  drawing,  Faculty  of 
App.  Sei.,  Univ.  of  Toronto;  1924,  instr'man.  in  charge  of  party,  highway  location, 
Lake  Superior  east  shore,  with  Lang  &  Ross,  Ltd.;  1925  to  date,  in  practice  as  consltg. 
engr.  an4  surveyor,  at  Seaforth,  Ont.,  and  at  London,  Ont.,  and  the  following  winter 
work:  1927,  in  charge  of  party,  flooded  area  survey,  Wicksteed  and  Martin  lakes, 
for  Lang  &  Ross,  Ltd.;  1928,  transitman,  transmission  line  location,  Algoma  District, 
and  1928-29,  in  charge  of  party,  transmission  line  location,  Flin  Flon,  Man.  to  Island 
Falls,  Sask.,  for  same  company;  Consltg.  work  includes:  surveys,  awards  and  reports 
under  the  Drainage  Acts  of  Ontario;  topographic  surveys,  subdivisions,  re-surveys, 
compiled  plans,  reinforced  concrete  design.     (A.M.  1928.) 

References:  J.  L.  Lang,  J.  R.  Cockburn,  K.  G.  Ross,  G.  A.  McCubbin,  I.  Leonard, 
R.  E.  Smythe,  H.  A.  McKay. 

BEACH— FLOYD  KELLOGG,  of  10957-90th  Ave..  Edmonton,  Alta.,  Born  at 
Hesperia,  Mich.,  Dec.  30th,  1884;  Educ,  One  year  univ.  work;  Corres.  School  and 
private  study.  Admission  to  corporate  membership  E.I.C.  by  exam.  1913;  D.L.S.; 
1902,  rodman,  Mich.  Cent.  Ry.;  1906-09,  transitman  and  dftsman.  on  D.L.S.  work, 
irrigation  surveys  and  rly.  mtce.;  1910-13,  private  practice,  highway,  irrigation,  rly. 
surveys,  topographic  mapping,  etc.;  1913-16,  irrigation  and  hydrometric  surveys; 
1916-19,  overseas.  Can.  Rly.  Troops,  Lieut.  Later  Capt.  and  Major,  13th  Field  Co., 
Can.  Engrs.,  Militia  Staff  Course;  1919-27,  divnl.  engr.,  hydrometric  survey,  and  dist. 
engr.  (irrigation);  1927  to  date,  petroleum  and  natural  gas  engr.,  Dept.  of  Lands  and 
Mines  of  Alberta,  Edmonton,  Alta.     {St.  1910,  A.M.  191S.) 

References:  R.  S.  L.  Wilson,  G.  N.  Houston,  S.  G.  Coultis,  S.  G.  Porter,  P.  J. 
.Jennings,  P.  M.  Sauder.  F.  W.  Alexander. 

CORMIER— ERNEST,  of  Montreal,  Que.,  Born  at  Montreal,  Dec.  5th,  1885; 
Educ,  B.A.Sc,  C.E.,  Ecole  Polytechnique,  Montreal,  1906;  1906-08,  struct'l.  steel 
design,  city  office.  Dominion  Bridge  Company,  Montreal;  1915-18,  with  Considere, 
Pelnard,  Caquot,  Paris.  Engr.  in  charge  of  concrete  designs  for  French  Govt.;  1925 
to  date,  professor.  Ecole  Polytechnique.  Montreal,  and  1918  to  date,  private  practice 
as  architect  and  engr.,  reinforced  concrete,  heating,  ventilation,  refrigeration,  elect'l. 
designs  for  churches,  schools,  public  bldgs.  and  the  Univ.  of  Montreal.  (St.  1904, 
A.M.  1909.) 

References:  O.  O.  Lefebvre,  G.  M.  Pitts,  A.  Frigon,  A.  D.  Harrison,  F.  S.  B. 
Heward. 

FARRELL— JAMES  WARDROPE  DICK,  of  3025  Rae  St.,  Regina,  Sask., 
Born  at  Smiths  Falls,  Ont.,  Sept.  20th,  1890;  Educ,  B.A.,  1912,  B.Sc,  1915,  Queen's 
Univ.;  1913-14,  asst.  to  dist.  surveyor  and  engr.,  Dept.  Highways,  Regina;  1914-19, 
Can.  Engrs.,  R.F.C.,  R.A.F.,  Overseas,  Capt.;  1919,  dftsman.,  dept.  of  irrigation, 
Calgary;  1920-24,  asst.  supt.,  and  1924  to  date,  supt.  of  waterworks,  Regina,  Sask., 
supervision  and  planning  plant  constrn.  as  well  as  charge  of  operation  and  mtce. 
(Jr.  1920,  A.M.  1921.) 

References:  L.  A.  Thornton,  D.  A.  R.  McCannel,  H.  S.  Carpenter,  C.  J.  Mac- 
kenzie, A.  C.  Garner. 


LAFLECHE— ALPHONSE,  of  Ottawa,  Ont.,  Born  at  St.  Martin,  Que.,  Dec. 
5th,  1884;  Educ,  Civil  Engr.,  Ecole  Polytechnique  of  Montreal,  1909;  1909-11,  city 
engrg.,  Montreal;  With  Dept.  of  Marine  as  follows:  1911-17,  junior  engr.,  1917-25, 
asst.  engr.,  1925-29,  senior  asst.  engr.,  1929  to  date,  asst.  chief  engr..  River  St.  Law- 
rence Ship  Channel.     (St.  1909,  A.M.  1916.) 

References:  N.  B.  McLean,  F.  Anderson,  J.  A.  L.  Dansereau,  D.  W.  McLachlan, 
J.  P.  Leclaire,  J.  A.  Smith. 

MOTT— HAROLD  EDGAR,  of  Brantford,  Ont,  Born  at  Winnipeg,  Man., 
Dec.  4th,  1897;  Educ,  B.Sc,  MoGill  Univ.,  1922;  With  Canadian  Marconi  Co., 
Montreal,  as  follows:  1922,  test  engr.;  1923,  engr.  in  charge,  test  dept.;  1923,  supt. 
of  works;  1924-27,  works  engr.;  1927-28.  chief  engr.,  De  Forest  Crosley  Radio;  1928-33, 
mgr.  of  engrg.  and  production,  and  chief  engr.,  Rogers  Majestic  Corpn.;  1933-34, 
consltg.  engr.;  1934  to  date,  president  and  gen.  mgr.,  H.  E.  Mott  Co.  Ltd.,  Brantford, 
Ont.,  designers  and  manufacturers  of  industrial  equipment,  etc.  (St.  1919,  A.M. 
1926.) 

References:  C.  V.  Christie,  J.  H.  Thompson,  G.  A.  Lindsay,  J.  F.  Plow,  W.  S 
Stewart. 

YOUNG— STEWART,  of  2822  Rae  St.,  Regina,  Sask.,  Born  at  Owen  Sound, 
Ont.,  Sept.  2nd,  1884;  Educ,  Diploma,  S.P.S.,  1911,  B.A.Sc,  1912,  Univ.  of  Toronto. 
D.L.S.  and  .S.L.S.  1913.  .Summers:  1910,  inspr.,  waterworks  and  sewers.  Cobalt; 
1911,  dftsman.,  G.T.P.,  Winnipeg;  1912,  triangulation  surveys,  B.C.;  1912-13,  check- 
ing plans,  asst.  surveyor,  Dept.  Public  Works,  Sask.;  With  the  Province  of  Saskat- 
chewan as  follows:  1913-16,  raise  surveyor;  1916-17,  acting  district  surveyor;  1917-24, 
district  surveyor;  1924,  res.  engr.;  1924  to  date,  director  of  town  planning 
(A.M.  1917.) 

References:  H.  S.  Carpenter,  H.  R.  MacKenzie,  D.  A.  R.  McCannel,  A.  P.  Linton, 
J.  J.  White. 

FOR  TRANSFER  FROM  THE  CLASS  OF  JUNIOR 

CHANDLER— EDWARD  SAYRE.  of  Charlottetown,  P.E.I. ,  Born  at  Charlotte- 
town,  July  17th,  1901;  Educ,  B.Sc  (E.E.),  N  S.  Tech.  Coll.,  1931;  1917-19,  meter 
reader,  and  1925-30  (during  vacations),  supt.'s  asst..  Maritime  Electric  Co.;  1931-32, 
acting  supt.,  Wolfville  Electric  Commn.;  1932  to  date.  Provincial  Electrical  Inspector, 
Charlottetown,  P.E.I.     (St.  1930,  Jr.  1932.) 

References:  F.  R.  Faulkner,  H.  F.  Laurence,  H.  E.  Miller,  H.  W.  McKiel,  W.  A. 
McLaren. 

FOR  TRANSFER  FROM  THE  CLASS  OF  STUDENT 

LAWRENCE— EDWARD  ARTHUR,  of  Lethbridge,  Alta.,  Born  at  Sydenham, 
London,  England,  July  5th,  1909;  Educ,  .Tunior  Matric,  Univ.  of  Alta.,  1927;  prep, 
course,  struct'l.  engrg.,  Wilson  Engineering  Corporation,  Cambridge,  Mass.;  1927  to 
date,  with  the  C.P.R.,  Dept.  of  Natural  Resources,  Irrigation  Branch,  Lethbridge, 
Alta.  Hydrometric  work,  misc.  surveys,  including  gen.  field,  topog'I.  and  compass 
surveys;  classification  of  land  for  irrigable  area,  cross-sectioning  and  profiles.  Prelim, 
and  final  survey  of  new  canal  extensions.  Instrument  and  office  work  in  connection 
with  building  of  earthwork  dam  for  storage  purposes.  Office  work  in  connection  with 
above,  also  calculations  for  yardage  and  estimates.  Dfting  in  connection  with  irriga- 
tion works.    Present  position,  instr'man  and  hydrographer.     (St.  1932.) 

References:  G.  N.  Houston,  G.  S.  Brown,  J.  T.  Watson,  W.  Meldrum,  J.  B. 
deHart. 

FOR  TRANSFER  FROM  THE  CLASS  OF  AFFILIATE 

SAMUEL— MYRON,  of  Toronto,  Ont.,  Born  at  Libau,  Latvia,  Nov.  8th,  1898. 
(British  Subject  since  1932.)  Educ,  Engrg.  Diploma,  Engrg.  College  of  Danzig,  1924. 
Member,  V.D.I.,  1931;  1919-20,  ap'ticeship,  Matisons  Machine  Works,  Libau,  and 
Danziger  Shipbldg.  and  Engrg.  Co.;  1923  (Apr. -Aug.),  Sawmill  and  Lumber  Transport 
and  .Shipping  Co.,  Danzig,  consltg.  work  in  connection  with  new  additions,  preparing 
plans  and  estimates,  testing  and  appraising  of  equipment;  1926-27,  S.  Behr  &  Mathew, 
Shanghai,  China.  Cold  storage,  refrigerated  ships  and  produce  packing.  In  charge 
of  frozen  egg  mixing,  filling  and  freezing  plant  and  tin-box  factory.  Supervision  of 
operations,  time  studies,  lab.  testing  work,  modernization  of  operations  and  plans  for 
new  installns.;  1927-32,  J.  I.  Bernitz,  Inc.,  New  York  and  Toronto.  Engrg.  Sales  and 
.Service.  Canadian  representative  in  charge  of  preparing  plans  and  estimates  for 
additions  to  existing  plants  and  new  installns.,  installn.  of  equipment,  acceptance  tests, 
estimating  cost  of  necessary  repairs  and  directing  the  reconditioning  of  equipment, 
advising  on  engrg.  problems.  Making  plans  and  designs  for  special  purpose  equip- 
ment, investigating  breakdowns;  April  1932  to  date,  proprietor  of  the  Empire  En- 
gineering Company,  Toronto.  Plans  and  estimates  for  additions  to  present  plants, 
new  installns.,  modernization  of  existing  equipment,  supervision  installns.,  directing 
acceptance  tests,  estimating  costs  of  repairs  and  reconditioning,  etc.  Equipment 
sales  and  service.     (AifU.  1931.) 

References:  C.  S.  L.  Hertzberg,  R.  E.  Smythe,  W.  S.  Wilson,  M.  N.  Hay,  W.  G. 
Milne. 


The  Bristol  Company  of  Canada  Limiled  announces  that  on  Marrh 
1st,  1935,  it  doubled  its  factory  space  at  64  Princess  Street,  Toronto. 
This  Company  was  incorporated  a  little  over  a  year  ago,  both  to  serve 
the  Canadian  market  for  Bristol's  instruments  and  to  expand  and 
consolidate  the  service  laboratory  that  for  twelve  years  previously  had 
been  maintained  in  Toronto. 


The  factor}'  is  equipped  with  facilities  for  making  and  testing 
gauges,  thermometers,  controllers,  voltmeters,  recording  ammeters  and 
other  instruments  of  the  Bristol  line. 

Canadian  distributors  of  Bristol's  products  are  Powerlite  Devices, 
Ltd.,  Montreal  and  Toronto;  Gorman's  Limited,  Edmonton,  Alta.;  and 
Filer  Smith  Machine  Company,  Winnipeg,  Man. 
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EMPLOYMENT  SERVICE   BUREAU 

The  Service  is  operated  for  the  benefit  of  members  of  The  Engineering  Institute  of  Canada, 

and  for  industrial  and  other  organizations  employing  technically  trained  men — 

without  charge  to  either  party. 

All  correspondence  should  be  addressed  to 

The  Employment  Service  Bureau,  The  Engineering  Institute  of  Canada 

2050  Mansfield  Street,  Montreal 


Civil  Service  Vacancies 

List  No.  617 

The  Civil  Service  Commission   announces  open   com- 
petitive examinations  for  the  following  positions: 
ASSISTANT  OFFICE  ENGINEER  (MALE) 

23866. — An  Assistant  Office  Engineer  (Male),  in  the 
Chief  Engineer's  ^Branch,  Penitentiaries  Branch,  Depart- 
ment of  Justice  at  Ottawa,  at  a  salary  of  $2,160  per 
annum,  subject  to  such  deduction  as  may  be  provided 
for  by  legislation. 

Duties. — Under  direction,  to  assist  in  the  work  of  the 
Chief  Engineer's  Branch,  Penitentiaries  Branch,  Depart- 
ment of  Justice;  to  prepare  plans,  estimates,  specifications 
and  bills  of  materials,  and  to  perform  other  related  work 
as  required. 

Qualifications. — Education  equivalent  to  high  school 
graduation;  either  graduation  in  engineering  from  a  school 
of  applied  science  of  recognized  standing  with  at  least  three 
years  of  experience  in  field  or  office  engineering  construction 
work,  or  five  years  of  experience  in  field  or  office  engineering 
construction  work  including  in  each  case  at  least  one  year 
in  a  position  of  professional  responsibility ;  considerable  ex- 
perience in  preparing  estimates,  specifications,  and  bills  of 
materials;  accuracy,  thoroughness  and  good  judgment. 

While  no  age  limit  has  been  set  age  may  be  a  determining 
factor  in  making  a  selection. 

While  temporary  appointment  only  may  be  made  at  the 
present  time  this  examination  will  qualify  for  permanent 
appointment.  In  the  event  of  permanent  appointment  the 
initial  salary  of  $2,160  per  annum  may  be  increased  upon 
recommendation  for  efficient  service  at  the  rate  of  $120  per 
annum  until  a  maximum  of  $2,580  is  reached. 

ASSISTANT  MECHANICAL  ENGINEER  (MALE) 

23865. — An  Assistant  Mechanical  Engineer,  in  the 
Penitentiaries  Branch,  Department  of  Justice  at  Ottawa 
at  a  salary  of  $2,220  per  annum,  subject  to  such  deduc- 
tion as  may  be  provided  for  by  legislation. 

Duties. — To  assist  in  designing  and  preparing  plans  and 
estimates  of  various  engineering  and  construction  projects, 
including  mechanical  heating  and  ventilation  equipment, 
steam  power  plants,  installation  of  electrical  equipment  of 
various  kinds,  and  to  perform  other  related  work  as 
required. 

Qualifications. — Education  equivalent  to  High  School 
graduation;  either  graduation  in  Mechanical  Engineering 
from  a  school  of  applied  science  of  recognized  standing 
with  three  years  of  experience  in  Mechanical  Engineering, 
one  year  of  which  shall  have  been  in  a  position  of  pro- 
fessional and  supervisory  responsibility;  or,  five  years  of 
Mechanical  Engineering  experience,  one  year  of  which  shall 
have  been  in  a  position  of  professional  and  supervisory 
responsibility;  preferably  experience  in  general  construc- 
tion engineering;  tact  and  good  judgment. 

While  no  age  limit  has  been  set  age  may  be  a  determining 
factor  in  making  a  selection. 

While  temporary  appointment  only  may  be  made  at  the 
present  time  this  examination  will  qualify  for  permanent 
appointment.  In  the  event  of  permanent  appointment  the 
initial  salary  of  $2,220  per  annum  may  be  increased  upon 
recommendation  for  efficient  service  at  the  rate  of  $120 
per  annum  until  a  maximum  of  $2,700  is  reached. 


Nature  of  Examination.— A  rating  on  education  and 
experience  will  be  given  from  the  sworn  statements,  sup- 
porting documents  and  other  evidence  submitted  by 
applicants  on  and  with  the  application  forms.  Applicants 
must  give  full  particulars  concerning  their  technical  train- 
ing and  experience,  especially  as  they  bear  on  the  qualifica- 
tions for  and  duties  of  these  positions. 

An  Oral  Examination  may  be  given  if  necessary  in  the 
opinion  of  the  Commission.  An  eligible  list  valid  for  one 
year  may  be  established. 

Application  forms  properly  filled  in  must  be  filed  with 
the  Civil  Service  Commission,  Ottawa,  not  later  than 
April  18,  1935. 

Application  forms  may  be  obtained  from  the  offices  of 
the  Employment  Service  of  Canada,  from  the  Postmasters 
at  Prince  Rupert,  Vancouver,  Victoria,  Edmonton,  Cal- 
gary, Regina,  Saskatoon,  Winnipeg,  Quebec,  Fredericton, 
Saint  John,  Charlottetown,  and  Halifax,  the  Secretary  of 
the  Civil  Service  Commission,  and  from  The  Engineering 
Institute  of  Canada,  Montreal. 

Situations  Wanted 

ESTABLISHED  SALES  ENGINEER.  Univ.  of  Toronto 
'24,  with  plant  and  manufacturing  experience,  wishes  to 
represent  manufacturers  of  technical  equipment.  Con- 
nections with  automobile  and  electrical  equipment 
dealers,  throughout  Canada.  Will  make  small  invest- 
ment if  necessary.     Apply  to  Box  No.  1-W. 

MECHANICAL  ENGINEER,  Canadian,  with  technical 
training  and  executive  experience  in  both  Canadian  and 
American  industries,  particularly  plant  layout,  equip- 
ment, planning  and  production  control  methods,  is 
open  for  employment  with  company  desirous  of  improv- 
ing manufacturing  methods,  loweringcosts  and  preparing 
for  business  expansion.     Apply  to  Box  No.  35-W. 


Situations  Wanted 

ENGINEER,  a.m.e.i.c,  Univ.  Grad.  '27,  age  31,  with 
ten  years*  experience  in  the  design  and  construction  of 
paper  mills  and  hydro-electric  plants,  modernization  of 
sulphite  pulp  mills  and  industrial  plants,  and  general 
engineering.  Available  immediately.  Apply  to  Box 
No.  150-W. 

PURCHASING  AGENT.  Graduate  mechanical  engineer, 
Canadian,  married,  age  36,  with  fourteen  years  expe- 
rience in  industrial  field,  including  design,  construction 
and  operation,  eight  years  of  which  had  to  do  with  the 
development  of  specifications  and  ordering  of  equip- 
ment and  materials  for  plant  extensions  and  main- 
tenance; one  year  engaged  on  sale  of  surplus  construction 
equipment.  Full  details  on  request.  At  present  em- 
ployed.    Apply  to  Box  No.   161-W. 

SALES  ENGINEER,  s.e.i.c;  b.so.  c.e.,  1930  (Univ. 
New  Bruns.),  p.e.n.b.  Age  28.  Experience  includes 
building  inspection,  structural  detailing,  road  construc- 
tion, and  chemical  operation.  Interested  in  sales  work 
on  the  sales  staff  of  some  manufacturing  or  wholesale 
concern.     Apply  to  Box  No.  225-W. 

REINFORCED  CONCRETE  ENGINEER,  b.sc,  p.e.q., 
eight  years  experience  in  construction  design  of  industrial 
buildings,  office  buildings,  apartment  houses,  etc.  Age 
30.     Married.     Apply  to  Box  No.  257-W. 

DESIGNING  DRAUGHTSMAN,  experience  in  layout 
of  steam  power  house  equipment  and  piping.  Wide 
experience  in  mechanical  drive  and  details  of  machinery, 
gearing,  and  hoists.  Accustomed  to  layout  of  small  mill 
buildings  of  steel  and  timber,  structural  design  and 
details.  Good  references.  Present  location  Montreal. 
Apply  to  Box  No.  329-W. 

ELECTRICALENGINEER,  B.sc.A.M.B.i.c,  Am.A.i.E.E., 
age  30,  single.  Eight  years  experience  H.E.  and  steam 
power  plants,  substations,  etc.,  shop  layouts,  steel  and 
concrete  design.  Location  immaterial.  Available  im- 
mediately.    Apply  to  Box  No.  435-W. 

CIVIL  ENGINEER,  b.a.so.  and  c.e.;  a.m.e.i.c,  jun. 
A.8.C.E.,  age  32,  married.  Experience  over  twelve  years 
as  assistant  and  resident  engineer  on  the  construction  of 
hydro-electric,  railway,  and  aerodrome  works.  Also 
office  and  teaching  work  on  hydraulic  designs  and 
investigations,  reinforced  concrete,  bridge  foundations 
and  caissons.  Location  immaterial.  Available  at  once. 
Apply  to  Box  No.  447-W. 

SALES  ENGINEER,  m.a.sc.  Univ  of  Toronto,  wishes  to 
represent  firm  selling  building  products  or  other  engineer- 
ing commodities,  as  their  representative  in  Western 
Canada.  Located  in  Winnipeg.  Apply  to  Box  No. 
467-W. 

MECHANICAL  ENGINEER,  B.sc.  Age  31.  Married. 
Last  ten  years  includes: — Mechanical  structural  and 
reinforced  concrete  design  in  pulp  and  paper  mil.s, 
industrial  plants,  hydro-electric,  mine,  sewers  and 
sewage  disposal  plant  construction.  My  experience  also 
includes  shop  production,  steam  plant  combustion,  fuel 
analysing,  inspecting,  supervising  and  instrument  work 
on  industrial  construction.  Permanent  position  pre- 
ferred.    Apply  to  Box  No.  521-W. 

CIVIL  ENGINEER,  Canadian,  married,  twenty-five 
years  technical  and  executive  experience,  specialized 
knowledge  of  industrial  housing  problems  and  the 
administration  of  industrial  towns,  also  town  planning 
and  municipal  engineering,  desires  new  connection. 
Available  on  reasonable  notice.  Personal  interview 
sought.     Apply  to  Box  No.  544-W. 

ELECTRICAL  AND  MECHANICAL  ENGINEER, 
B.sc,  A.M.E.I.C.  Experience  includes  C.G.E.  Students' 
Test  Course  and  six  years  in  engineering  dept.  of  same 
company  on  design  of  electrical  equipment.  Four 
summers  as  instrumentman  on  surveying  and  highway 
construction.  Several  years  experience  in  accounting 
previous  to  attending  university.  Desires  position  with 
mdustrial  concern  where  the  combination  of  technical 
and  business  experience  will  be  of  value.  Apply  to 
Box  No.  564-W. 

CONSTRUCTION  ENGINEER,  age  26,  unmarried, 
graduate  C.E.  Experience  includes  hydro-electric,  rail- 
road, highway,  and  industrial  plant  construction,  both 
field  and  office,  including  cost  accounting,  estimating, 
store.s,  layout,  general  engineering  and  supervision,  as 
well  as  practical  work  in  mechanical  trades.  Apply  to 
Box  No.  567-W. 

MECHANICAL  ENGINEER,  a.m.e.i.c.  Experienced 
on  plant  maintenance,  steel  plant,  cement  plant  and 
mining  plants.  Available  on  short  notice.  Apply  to 
Box  No.  571-W. 

DOMINION  LAND  SURVEYOR,  and  graduate  engineer 
with  extensive  experience  on  legal,  topographic  and 
plane-table  surveys  and  field  and  office  use  of  aero- 
photographa,  desires  employment  either  in  Canada  or 
abroad.   Available  at  once.    Apply  to  Box  No.  689-W. 


Situations  Wanted 

CHEMICAL  ENGINEER,  s.e.i.c.,  b.sc.  University  of 
Alberta,  '30.  Age  31.  Single.  Six  seasons  practical 
laboratory  experience,  three  as  chief  chemist  and  three 
as  assistant  chemist  in  cement  plant;  one  year's  p.g. 
work  in  physical  chemistry;  three  years  experience 
teaching.  Desires  position  in  any  industry  with  chemical 
control.  Available  immediately.  Apply  to  Box.  No. 
609-W. 

DESIGNING  ENGINEER  AND  ESTIMATOR,  grad. 
Univ.  of  Toronto  in  C.E.,  a.m.e.i.c,  twenty  years 
experience  in  structural  steel,  construction  and  munic- 
ipal work.  Available  at  once.  Apply  to  Box  No. 
613-W. 

CIVIL  ENGINEER,  a.m.e.i.c,  r.p.e.,  Ontario;  three 
years  construction  engineer  on  industrial  plants;  fourteen 
years  in  charge  of  construction  of  hydraulic  power 
developments,  tower  lines,  sub-stations,  etc.;  four 
years  as  executive  in  charge  of  construction  and  develop- 
ment of  harbours,  including  railways,  docks,  warehouses, 
hydraulic  dredging,  land  reclamation,  etc.  Apply  to 
Box  No.  647-W 

ELECTRICAL  ENGINEER,  b.sc.  in  E.E.  (Univ.  of 
Man.,  '30).  Age  25.  Two  year  Can.  Westinghouse 
Apprentice  Course.  Depts.-— Switchboard  assembly, 
general  draughting  office,  switchboard  engineering, 
test  office.  One  year's  experience  since  then  designing 
and  rewinding  small  motors  and  transformers.  Loca- 
tion immaterial.     Apply  to  Box.  No.  651-W. 

ELECTRICAL  ENGINEER,  Univ.  Grad.  1928.  Two 
years  Students'  apprenticeship  at  Can.  Westinghouse 
Co.,  including  test  and  electrical  machine  design.  Also 
about  two  years  experience  in  operating  dept.  of  large 
electrical  power  organization.  Available  on  short 
notice.    Apply  to  Box  No.  660  W. 

ELECTRICAL  AND  RADIO  ENGINEER,  b.sc.  '30. 
Variously  engaged  on  receiver  development  work,  test- 
ing, and  transformer  development,  under  direction. 
More  recent  experience  includes  transmitter  test  room 
procedure  and  short  wave  beam  transmission  engineer 
ing.    For  further  information  apply  to  Box  No.  680-W. 

DIESEL  ENGINEER.  Erection  and  industrial  engineer, 
A.M.E.I.C,  technically  trained  mechanical  engineer 
with  English  and  Canadian  experience  in  erection  and 
operation  of  steam  and  Diesel  equipment  in  power 
house  and  mines,  pumping,  rock  drilling,  air  com- 
pressors. Experienced  in  industrial  and  steel  works 
operations  including  rolling  mills,  quarries,  sales.  Open 
for  position  on  maintenance,  operation  or  sales  engineer. 
Location  immaterial.     Apply  to  Box  No.  682-W. 

MECHANICAL  AND  STRUCTURAL  ENGINEER. 
Six  years  experience  with  prominent  manufacturer, 
designing,  he?ting  and  power  boilers,  boiler  installations, 
coal  and  ash  handling  equipment.  Good  practical  knowl- 
edge of  steel  plate  work  welding.  Also  wide  experience 
in  designing,  estimating  and  detailing  structural  steel 
for  buildings  and  bridges.  Good  education.  Have  held 
position  of  responsibility.  Above  can  be  verified  by 
best  of  references.  Available  at  once.  Apply  to  Box 
No.  692-W. 

ELECTRICAL  AND  CIVIL  ENGINEER,  b.sc,  Elec, 
'29,  B.sc,  Civil  '33.  Age  27.  jr. E. i.e.  Undergraduate 
experience  in  surveying  and  concrete  foundations;  also 
four  months  with  Canadian  General  Electric  Co.  Thirty- 
three  months  in  engineering  office  of  a  large  electrical 
manufacturing  company  since  graduation.  Good 
experience  in  layouts,  switching  diagrams,  specifica- 
tions and  pricing.  Best  of  references.  Available  im- 
mediately.    Apply  to  Box  No.  693-W. 

MECHANICAL  ENGINEER,  b.sc,  '27,  jr.E.i.c  Four 
years  maintenance  of  high  speed  Diesel  engines  units, 
200  to  1,300  h.p.  Also  maintenance  of  D.C.  and  A.C. 
electrical  systems  and  machinery.  Draughting  expe- 
rience. Westinghouse  apprenticeship  course.  Practical 
mechanical  and  electrical  engineer  with  a  special  study 
of  high  speed  Diesel  engine  design,  application  and 
operation.  Location  in  western  or  eastern  Canada 
immaterial.     Apply  to  Box  No.  703-W. 

COMBUSTION  ENGINEER,  r.p.e.,  Manitoba, 
A.M.E.I.C  Wide  experience  with  all  classes  of  fuels. 
Expert  designer  and  draughtsman  on  modern  steam 
power  plants.  Experienced  in  publicity  work.  Well 
known  throughout  the  west.  Location,  Winnipeg  or 
the  west.   Available  at  once.   Apply  to  Box  No.  713-W. 

ELECTRICAL  ENGINEER,  b.sc.  University  of  N.B., 
'31.  Experience  includes  three  months  field  work  with 
Saint  John  Harbour  Reconstruction.  Apply  to  Box  No. 
722-W. 

MECHANICAL  ENGINEER,  age  41,  married.  Eleven 
years  designing  experience  with  project  of  outstanding 
magnitude.  Machinery  layouts,  checking,  estimating 
and  inspecting.  Twelve  years  previous  engineering, 
including  draughting,  machine  shop  and  two  years 
chemical  laboratory.  Highest  references.  Apply  to 
Box  No.  723-W. 

CIVIL  ENGINEER,  b.sc  (Alta.  '31),  s.e.i.c  Experience 
includes  three  seasons  in  charge  of  survey  party.  Tran- 
sitman  on  railway  maintenance,  and  concrete  bridge 
designing.  Nature  of  work  and  location  immaterial. 
Apply  to  Box  No.  724-W. 

YOUNG  CIVIL  ENGINEER,  b.sc  (Univ.  of  N.B.  '31). 
with  experience  as  rodman  and  checker  on  railroad 
construction,  is  open  for  a  position.  Apply  to  Box  No. 
728-W. 

DESIGNING  ENGINEER,  m.sc  (McGill  Univ.),  o  l.s., 
A.M.E.I.C,  P.E.Q.  Experience  in  design  and  construction 
of  water  power  plants,  transmission  lines,  field  in- 
vestigations of  storage,  hydraulic  calculations  and 
reports.  Also  paper  mill  construction,  railways,  high- 
ways, and  in  design  and  construction  of  bridges  and 
buildings.  Available  at  once.  Apply  to  Box.  No. 
7a9-W. 
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Situations  Wanted 

MECHANICAL  ENGINEER,  s.e.i.c,  b  a.bc,  Univ. 
of  B.C.  '30.  Single,  age  24.  Sixteen  months  with  the 
Allis-Cbalmers  Mfg.  Co.  as  student  engineer.  Ex- 
perience includes  foundry  production,  erection  and 
operation  of  steam  turbines,  erection  of  hydraulic  ma- 
chinery, and  testing  texropes  and  centrifugal  pump.-t. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No    735-W 

RADIO  AND  ELECTRICAL  ENGINEER,  b.sc.  '31, 
S.K.I. c.  Age  27.  Experience  in  installation  of  power 
and  lighting  equipment.  Temporary  operator  in  radio 
•tation;  studio  experience  with  part  time  announcing. 
Two  summers  in  switchboard  and  installation  depart- 
ment of  telephone  company,  eight  months  on  extensive 
survey  layouts.  Interested  in  sales  work  of  electrical 
or  radio  equipment.  Available  on  short  notice.  Location 
immaterial.     Apply  to  Box  No   740-W 

CIVIL  ENGINEER,  b.sc.  '29,  a.m.e.i.c.  Married.  One 
year  building  construction.  One  year  hydro-electric 
construction  in  South  America,  eighteen  months  resident 
engineer  on  highway  construction,  one  year  on  harbour 
design  and  construction.  Working  knowledge  of 
Spanish.     Apply  to  Box  No.  744-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc  Queen's  Univ.  '29. 
Age  25.  Married.  Three  years  experience  as  con- 
struction supt.  and  estimator  for  contracting  firm. 
Experience  includes  general  building,  bridges,  sewer 
work,  concrete,  boiler  settings,  sand  blasting  of  bridges 
and  spray  painting.  Available  at  once.  Apply  to  Box 
No.  776-W. 

CIVIL  ENGINEER,  b.sc,  '25,  Jr.E  i.e.,  p.e.q  ,  married. 
Desires  position,  preferably  with  construction  firm 
Experience  includes  railway,  monument  and  mill 
building  construction.  Available  immediately  Apply 
to  Box  No.  780-W. 

DRAUGHTSMAN,  experience  in  civil  engineering, 
forestry  engineering,  land  surveying  and  house  con- 
struction.   Good  references.    Apply  to  Box  No.  781-W. 

ELECTRICAL  AND  SALES  ENGINEER,  s.e.i.c,  grad. 
'28.  Experience  includes  one  year  test  course,  one  year 
switchboard  design  and  two  years  switchboard  and 
switching  equipment  sales  with  large  electrical  manufac- 
turing company.  Three  summers  Pilot  Officer  with 
R  C.A.F.    Available  at  once.    Apply  to  Box  No.  788-W. 

ELECTRICAL  ENGINEER  desires  position  as  engineer 
or  manager  for  industrial  plant  or  factory.  Over  ten 
years  diversified  electrical  and  mechanical  experience  in 
the  industrial  field.    Apply  to  Box  No    795-W. 

CIVIL  ENGINEER,  s  e.i.c,  graduate  '30,  age  23,  single. 
Experience  includes  mining  surveys,  assistant  on  high- 
way location  and  construction,  and  assistant  on  large 
construction  work.  Steel  and  concrete  layout  and 
design.     Apply  to  Box  No.  809-W. 

CIVIL  ENGINEER,  be.  (Sask.  Univ.  '32),  s.e.i.c 
Single.  Experience  in  city  street  improvement;  sewer 
and  water  extensions  Good  draughtsman.  References. 
Available  at  once.  Location  immaterial.  Apply  to  Box 
No.  818-W. 

CIVIL  ENGINEER,  b.a.sc,  o.l.s.,  o.l.s.,  a.m.e.i.c, 
age  46,  married.  Twelve  years  experience  in  charge  of 
legal  field  surveys.  Owns  own  surveying  equipment. 
Eight  years  on  technical,  administrative,  and  editorial 
office  work.  Experienced  in  writing.  Desires  position 
on  survey  work,  assisting  in  or  in  charge  of  preparation 
of  house  organ,  on  staff  of  technical  or  semi-technical 
magazine,  or  on  publicity,  editorial  or  administrative 
office  work.  Available  at  once  Will  consider  any  salary, 
and  any  location.     Apply  to  Box  No   831-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc.  '32  (Univ.  of  N.B.). 
Age  25.  Married.  Two  years  experience  in  power  line 
construction  and  maintenance;  one  year  of  highway 
construction;  one  summer  surveying  for  power  plant 
site,  location  and  spur  railway  line  construction.  Avail- 
able at  once.  Location  immaterial.  Apply  to  Box 
No.  840-W. 

CIVIL  ENGINEER,  b.sc  '15,  a.m.e.i.c,  married,  exten- 
sive experience  in  responsible  position  on  railway  con- 
struction, also  highways,  bridges  and  water  supplies. 
Position  desired  as  engineer  or  superintendent.  Avail- 
able at  once.     Apply  to  Box  No.  841-W. 

STRUCTURAL  ENGINEER,  b.a.sc,  a.m.e.i  c  Twenty- 
two  years  expe.ience  in  design  of  bridges  and  all  types 
of  buildings  in  structural  steel  and  reinforced  concrete 
Three  years  experience  in  railway  construction  and 
land  surveying.     Apply  to  Box  No.  856-W. 

MECHANICAL  ENGINEER,  b.sc  '32,  s.e.i.c  Good 
draughtsman.  Undergraduate  experience: — One  year 
moulding  shop  practice;  two  years  pipe  fitting  and  sheet 
metal  work;  one  year  draughting  and  tracing  on  paper 
mill  layout:  six  months  machine  shop  practice;  and 
eight  months  fuel  investigation  and  power  heating 
plant  testing.  Desires  position  offering  experience  in 
steam  power  plants  or  heating  and  ventilating  design. 
Will  go  anywhere.     Apply  to  Box  No.  858-W. 

MECHANICAL  ENGINEER,  age  31,  graduate  Sheffield 
(England)  1921;  apprenticeship  with  firm  manufacturing 
steam  turbine  generators  and  auxiliaries  and  subsequent 
experience  in  design,  erection,  operation  and  inspection 
of  same.  Marine  experience  B  o.t.  certificate  thoroughly 
conversant  with  Canadian  plants  and  equipment.  Avail- 
able on  short  notice.     Any  location.     Box   No.  860-W. 

CHEMICAL  ENGINEER,  b.sc  (McGil!  '21),  a.m.e.i.c, 
age  36,  married;  three  years  since  graduation  with  pulp 
and  paper  mills;  eight  years  in  shops,  estimating  and 
sales  divisions  of  well-known  gas  engineering  and  con- 
struction companies  in  the  United  States.  Excellent 
references  Available  on  short  notice.  Apply  to  Box 
No.  866- W. 


Situations  Wanted 

CONSTRUCTION  ENGINEER  (Toronto  Univ.  of  '07) 
Experience  includes  hydro-electric,  municipal  and  rail- 
road work.  Available  immediately.  Location  imma- 
terial.    Apply  to  Box.  No.  886-W. 

ELECTRICAL  ENGINEER,  graduate  1929,  s.e.i  c 
Single.  Experience  includes  two  years  with  electrical 
manufacturing  concern  and  one  on  highway  construction 
work.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  887-W. 

AGENCIES  WANTED.  Young  engineer,  b.a.sc  in  ce., 
with  business  and  sales  experience,  speaking  fiuent 
French,  would  consider  representing  a  firm  as  agent 
for  Montreal  or  the  province  of  Quebec.  Apply  to  Box 
No.  891-W. 

ELECTRICAL  ENGINEER,  grad.  Univ.  of  N.B.  '31. 
Experienced  in  surveying  and  draughting,  requires 
position.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  893-W. 

CIVIL  ENGINEER,  b.a.sc,  jr  B.i.c,  age  29,  single. 
Experience  includes  two  years  in  pulp  mill  as  draughts- 
man and  designer  on  additions,  maintenance  and  plant 
layout.  Three  and  a  half  years  in  the  Toronto  Buildings 
Department  checking  steel,  reinforced  concrete,  and 
architectural  plans.  Available  at  once.  Location  im- 
material. At  present  in  Toronto.  Apply  to  Box  No. 
899- W. 

DESIGNING  ENGINEER,  am.e.i.c  Permanent  and 
executive  position  preferred  but  not  essential.  Fifteen 
years  experience  in  designing  power  plants,  engine 
and  fan  rooms,  kitchens  and  laundries.  Thoroughly 
familiar  with  plumbing  and  ventilating  work,  pneu- 
matic tubes,  and  refrigeration,  also  heating,  electrical 
work,   and  specifications.     Apply   to   Box    No.   913-W. 

CIVIL  ENGINEER,  b.sc,  ope  Experience  includes 
several  years  on  municipal  work-design  and  construction 
of  sewers,  steel  and  concrete  bridges,  watermains  and 
pavements.  Available  at  once.  Apply  to  Box  No. 
950-W. 

CIVIL  ENGINEER,  b.sc  (Univ.  of  Sask.  '33),  s.e.i.c, 
age  28,  single.  Experience  in  testing  hydro-electric 
equipment,  draughting,  surveying,  city  street  improve- 
ments, technical  photography.  Available  at  once.  Lo- 
cation immaterial.     Apply  to  Box  No.  986-W. 

ELECTRICAL  ENGINEER,  s.e.i.c,  b.sc,  (N.S.  Tech. 
Coll.,  '33),  desires  work.  Experience  in  transmission  line 
construction.  Location  or  class  of  work  immaterial. 
Apply  to  Box  No.  1010-W. 

ENGINEER  SUPERINTENDENT,  age  44.  Engineering 
and  business  training,  executive  ability,  tactful,  ener- 
getic. Had  charge  of  several  large  projects.  Intimate 
knowledge  of  costs  and  prices,  reports  and  estimates. 
Available  immediately.  Any  location.  Apply  to  Box 
No.  1021-W. 

CIVIL  ENGINEER,  b.sc.  (Queen's,  '14),  a.m.e.i.c.  Do- 
minion Land  Surveyor,  5  months  special  course  at  the 
University  of  London,  England,  in  municipal  hygiene 
and  reinforced  concrete  construction.  Experience 
covers  legal  and  topographic  surveys,  plane  tabling  and 
stadia  surveying,  railway  and  highway  construction, 
drainage  and  excavation  work.  Available  at  once 
Apply  to  Box  No.  1035-W. 

ELECTRICAL  ENGINEER  AND  GEOPHYSICIST. 
Age  36.  Married.  Seven  years  experience  in  geophysi- 
cal exploration  using  seismic,  magnetic  and  electrical 
methods.  Two  years  experience  with  the  Western 
Electric  Company  of  Chicago,  working  on  equipment 
and  magnetic  materials  research.  Experienced  in  radio 
and  telephone  work,  also  specializing  in  precise  electrical 
measurements,  resistance  determinations,  ground  po- 
tentials and  similar  problems  of  ground  current  dis- 
tribution.    Apply  to  Box  No    1063-W 

ELECTRICAL  ENGINEER,  b.a.sc  Univ.  Toronto  '28 
Experience  includes  Can.  Gen.  Elec.  Co.  Test  Course. 
Also  more  than  two  years  in  the  engineering  dept.  of 
the  same  company.  Available  on  short  notice.  Pre- 
ferred location  central  or  eastern  Canada.  Apply  to 
Box  No.  1075-W. 

ELECTRICAL  ENGINEER,  b.sc.  Married.  Eight 
years  electrical  experience,  including  operation,  main- 
tenance and  construction  work,  electrical  design  work 
on  large  power  development,  mechanical  ability,  ex- 
perienced photographer,  employed  in  electrical  capacity 
at  present.  Available  on  reasonable  notice.  Apply  to 
Box  No.  1076-W. 

GRADUATE  IN  MECHANICAL  ENGINEERING, 
1927,  desires  opportunity  in  Diesel  engine  field,  pre- 
ferably in  design  and  development  work.  Skilled 
draughtsman  and  clever  in  design.  Familiar  with  basic 
theories  of  the  Diesel  engine  and  in  touch  with  recent 
developments  and  applications.  Anxious  to  obtain  a 
foothold  with  up-to-date  ("ompany  No  objection  to 
shopwork  or  other  duties  as  a  start  but  would  prefer 
shopwork  and  assembly  if  possible.  Apply  to  Box  No. 
1081-W. 

CIVIL  ENGINEER,  b.sc,  Sask.  '30.  s.e.i.c  Age  24 
years.  Experience  in  municipal  engineering,  including 
sewer  and  water  construction,  sidewalk  construction, 
paving,  storm  sewer  design,  draughting,  precise  levelling, 
and  reinforced  concrete  bridge  construction.  Unmtir- 
ried.  Available  at  once.  Will  go  anywhere  Apply  to 
Box  No.  1115-W. 

ELECTRICAL  ENGINEER,  b.sc.e.e.  (Univ.  of  N.B. 
'31).  C.G.E.  Test  Course  included  industrial  control, 
induction  motors  and  transformers;  the  transformer 
test  included  desk  work  for  two  months  on  computing 
losses,  efficiencies,  etc.  Available  at  once.  Apply  to 
Box  No.  1119-W. 
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Situations  Wanted 

MECHANICAL  ENGINEER,  B.A.SC.  (Univ.  of  B.C.  '29); 
M.S.  Age  27,  Single.  Four  years  experience  in  research 
work  in  applied  mechanics  and  materials  testing.  Desires 
position  involving  analytical  work  in  design,  develop- 
ment or  testing.  Available  on  short  notice.  Apply  to 
Box  No.  1123-W. 

GEODETIC  AND  TOPOGRAPHICAL  ENGINEER, 
D.L.s  ,  M. E.I.C  Experience  in  all  kinds  of  geodetic  and 
topographical  surveys,  especially  photo-topography, 
well  versed  in  all  kinds  of  air  photo  surveys;  Canadian 
and  U.S.  patent  method  of  determining  position  and 
elevations  of  points  from  air  photographs  Available 
at  once  anywhere  in  Canada  or  the  United  States. 
Apply  to  Box.  No.  1127-W. 

PETROLEUM  CHEMIST,  b.sc  in  Chera.  Eng.  Age  25. 
Single.  One  and  a  half  years  experience  as  assistant 
chemist.  Capable  of  taking  charge  in  small  refinery. 
Wishes  position  anywhere  in  Canada.  Apply  to  Box 
No.  1130-W. 

ELECTRICAL  ENGINEER,  b.sc.  Queen's  '33  Single, 
age  23.  Anxious  to  gain  experience.  Present  ex- 
perience installing  small  private  hydro-electric  plant. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  1137-W. 

CIVIL  ENGINEER,  am.e.i.c,  with  over  twenty  years 
experience  in  field  and  office  on  construction,  main- 
tenance, surveying,  location,  etc,  desires  position  pre- 
ferably of  a  permanent  nature.  At  present  near  Mont- 
real, but  willing  to  locate  anywhere.  Apply  to  Box 
No.  1168-W. 

CIVIL  ENGINEER,  b.a.sc,  s.e.i.c,  age  26,  single. 
Experience  includes  one  year  in  bridge  construction, 
plain  and  reinforced  concrete,  pneumatic  caissons  and 
surveying.  Available  at  once.  Any  location.  Apply  to 
Box  No.  1204-W. 

PHYSICIST  ENGINEER,  B.ScMech.  (Queen's  1913). 
M.Sc,  Ph.D.Physics  (McGill  1929,  '30).  Experience  in 
municipal  engineering,  producer  gas  installation  and 
operation,  university  plant  maintenance.  Experienced 
teacher  of  college  physics.  Industrial  and  pure  physical 
research  experience.  Age  42.  Married.  Apply  to  Box 
No.  1207-W. 

MECHANICAL  ENGINEER,  b.bc  (Queen's  Univ.  '28), 
age  36,  married,  desires  position  of  trust  and  responsi- 
bility. Experience  includes  fitting  and  assembly  of 
machine  tools,  production,  draughting,  and  maintenance. 
Five  years  teaching  draughting  and  mathematics.  Avail- 
able on  reasonable  notice.  Location  immaterial.  Apply 
to  Box  No.  1210-W. 

CIVIL  ENGINEER,  b.a.,  b.a.sc.  s.e.i.c,  Canadian,  age 
27,  single.  Experience  includes  eighteen  months  in 
general  building  construction.  Write  and  speak  both 
French  and  English  fiuently.  Available  at  once  for  any 
suitable  position  in  general  engineering.  Apply  to  Box 
No.  1211  W. 

CIVIL  ENGINEER,  b.sc.  '34  (Univ.  of  N.B.),  age  24. 
Experience  includes  construction  and  highway  engi- 
neering. Desires  position  with  contracting  or  manufac- 
turing firm.  Interested  in  design.  References.  Will 
consider   any    location.      Apply    to    Box    No.    1214-W. 

COMBUSTION  ENGINEER,  a.m.e.i.c,  with  extensive 
experience  in  all  phases  of  combustion  engineering, 
including  plant  layout,  piping,  etc  Lately  connected 
with  prominent  firm  of  automatic  oil  burner  manufac- 
turers.   Apply  to  Box  No.  1224-W 

MECHANICAL  E.NGINEER.  b.sc  McGill.  Experienced 
as  supt.  of  plant  manufacturing  home  appliances — 
purchasing  of  supplies  and  equipment  of  technical 
nature.  Plant  engineer  of  works  for  manufacture  of 
railway  equipment  and  of  copper  and  brass  rolling  mill 
and  seamless  brass  and  copper  tube  mill  and  brass  car- 
tridge cases.  Designing  engineer  on  special  machinery, 
maintenance  engineer,  plant  layouts.  Apply  to  Box 
No.  1241-W. 

ENGINEER,  with  twenty  years  experience  in  industrial, 
pulp  and  paper  mill,  and  general  engineering  and  design. 
Age  41.  Last  five  years  chief  engineer  of  paper  mill  mak- 
ing newsprint  specialties  and  toilet  and  tissues.  Apply 
to  Box  No.  1246-W. 

CIVIL  ENGINEER,  b.sc  '29,  jr.E.i.c,  age  29,  single. 
Experience  in  all  types  of  surveying  including  use  of 
aerial  photographs.  Three  years  on  hydro-electric 
power  development  in  field  and  office.  Instrumentman 
on  concrete  road  construction.  Location  immaterial. 
Apply  to  Box  No.  1254-W. 

CIVIL  ENGINEER,  Univ.  Toronto  '33,  age  24.  married. 
One  year  as  instrumentman  with  provincial  department 
of  highways.  Experience  in  concrete  and  retread  con- 
struction grading,  culverts,  etc  Also  draughting, 
estimating  and  general  office  practice.  Apply  to  Box 
No    1265-W. 

INDUSTRIAL  ENGINEER,  b.sc  in  Mech.  Eng.  (McGill 
'31),  Rockefeller  Research  Associate  in  industrial  en- 
gineering on  economic  and  statistical  analysis.  Previous 
experience  in  manufacturing  plants.  Desires  connection 
with  industrial  firm.    Apply  to  Box  No.  1269-W. 

MECHANICAL  E.NGINEER,  b.sc  (Queen's  Univ.  '29). 
Age  28.  Six  years  experience  in  automobile  office  and 
plant;  two  years  as  supervisor  of  inspection  in  body 
assembly.  Good  understanding  of  modern  business 
methods  applied  to  manufacturing.  Desires  position 
with  production  department  of  smaller  Ontario  industry. 
Good  references.  Interviews  anywhere  in  central  Ontario. 
Apply  to  Box  No.  I270-W. 

ELECTRICAL  GRADUATE,  s.e.i.c,  b.sc  '32,  m.sc  '34. 
Experience  includes  four  years  as  part  time  operator 
and  announcer  for  a  radio  broadcast  station.  At  present 
employed  in  radio  repair  dept.  of  a  large  wholesale  firm. 
Apply  to  Box  No.  1283-W. 
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SUMMARY. — This  paper  discusses  the  new  sodium  and  high  intensity  mercury  vapour  lamps,  giving  a  description  of  their  design  and  characteristics, 
and  outlines  their  present  and  possible  future  applications.  These  new  light  sources  have  created  wide  interest,  and  this  paper  is  intended  to  cover  their 
advantages  and  disadvantages,  and  the  effect  they  may  have  on  lighting  practice.  In  general,  it  is  considered  that  these  sources  are  new  tools  for  the  light- 
ing industry  that  will  meet  with  increasing  use.  They  seem,  as  far  as  the  present  goes,  to  be  unlilcely  to  supplant,  to  any  great  extent,  the  incandescent 
tungsten  lamp  for  general  lighting  service. 


Many  types  of  gaseous  conductor  lamps  have  been 
developed  and  serve  a  wide  variety  of  purposes.  The 
scope  of  this  paper  is  confined  to  a  description  of  the  new 
sodium  and  high  intensity  mercury  vapour  lamps  and  their 
application  to  lighting  service. 

Since  the  days  of  Edison's  first  practical  incandescent 
lamp,  scientists  have  been  continually  striving  for  light 
sources  with  higher  and  higher  efficiencies.  Much  progress 
has  been  made  in  incandescent  lamps,  from  the  1.4  lumens 
per  watt  of  the  first  carbon  lamps  to  the  10  to  20  lumens 
per  watt  of  our  standard  general  service  tungsten  lamps 
today.  Little  can  be  hoped  for  in  greater  efficiency  with 
the  present  types  of  lamps. 

It  has  long  been  known  that  some  gases,  particularly 
sodium,  gave  high  luminous  efficiencies,  but  previously  these 
were  treated  largely  as  experimental  laboratory  curiosities. 
Mercury  vapour  has  been  used  for  many  years  as  a  light 
source  in  low  pressure  tubes  for  photographic  and  general 
industrial  lighting,  since  the  start  of  the  development  of 
practical  gaseous  conductor  lamps  by  Peter  Cooper  Hewitt 
in  1902.  The  commercial  application  of  the  newer  types 
of  lamps  was  first  begun  in  Europe  in  the  summer  of  1932. 
The  first  installation  given  publicity  was  the  lighting  of  a 
mile  of  highway  in  Holland  with  Philips  sodium  vapour 
lamps,  July  1st,  1932.  ^  The  lamps  used  had  a  rating  of 
between  5,000  and  6,000  lumens.  They  were  spaced  83 
feet  apart  and  mounted  26  feet  high.  Leaving  out  of  con- 
sideration any  peculiar  features  of  the  sodium  lighting,  the 
installation  was  such  as  to  provide  a  good  level  of  illumina- 
tion by  means  of  properly  placed  lighting  units.  Comments 
on  the  lighting  were  favourable,  as  "so  intense  is  the 
illumination  along  the  roadway  that,  driving  a  car  at  50 
or  60  miles  per  hour  without  headlights,  one  feels  perfectly 
safe." 

At  about  this  same  time  trials  were  being  made  of  a 
new  type  of  mercury  lamp  in  England  and  an  official 
opening  of  a  street  lighting  installation  at  Wembley  was 
held  on  November  9th,  1932.  ^  The  lamp  used  was  a 
400-watt  unit  with  a  rating  of  40  lumens  per  watt.  On 
December  1st,  1932,  the  first  installation  of  sodium  lamps 
for  public  lighting  in  England  was  announced  at  Croydon.^ 

Progress  in  the  development  of  the  sodium  vapour 
lamp  was  also  being  made  in  the  United  States  early  in  the 


year  1932,  and  the  General  Electric  Research  Laboratory 
at  Schenectady  announced  a  practical  100-watt  direct 
current  lamp  giving  an  over-all  efficiency  of  34  lumens 
per  watt,  in  August,  1932.^  These  announcements  of  new 
light  sources  created  much  general  interest.  Many  people, 
particularly  those  connected  with  the  electric  light  industry, 
wondered  to  just  what  extent  past  practices  in  lighting 
would  be  revolutionized.  Some  of  the  general  public  gained 
the  impression  that  these  new  sources  would  become  im- 
mediately applicable  to  all  classes  of  lighting.  Now,  after 
two  and  a  half  years  of  development  work  and  experience 
with  these  new  gaseous  conductor  lamps,  more  is  known 
of  their  uses  and  their  limitations. 

The  Sodium  Lamp 

Sodium  vapour  lamps  are  now  available  in  this  country 
in  500,  4,000,  6,000,  10,000  and  15,000  lumen  sizes  for 
operation  on  a.c.  circuits.  The  500-lumen  lamp  is  designed 
'for  use  in  a  Lab-arc  unit  for  laboratory  experimental 
purposes.  The  lamp  on  which  most  development  work 
has  been  done  on  this  continent  is  the  10,000-lumen  lamp. 
This  is  used  in  most  of  the  present  installations  here,  so 
that  for  the  purpose  of  this  paper  the  description  given  will 
refer  specifically  to  this  lamp,  which  is  typical,  however, 
of  sodium  lamps  in  general. 

The  present  form  of  10,000-lumen  a.c.  sodium  lamp 
consists  of  a  long  bulb  of  special  glass  enclosing  at  each 
end  an  oxide  coated  filament  which  serves  as  a  cathode, 
and  a  metal  cylinder  surrounding  the  filament  which  serves 
as  an  anode.  Thus  this  lamp  has  two  cathodes  and  two 
anodes  which  serve  during  the  appropriate  half-cycle.  A 
small  quantity  of  metallic  sodium  and  some  neon  gas  at 
a  pressure  of  about  1.5  mm.  or  more  are  included  in  the 
bulb.  When  the  lamp  is  first  turned  on  the  discharge  takes 
place  through  the  neon  gas  which  serves  to  start  the  sodium 
discharge  by  heating  and  vaporizing  the  sodium.  Thus 
the  appearance  at  first  is  that  of  a  neon  lamp,  but  the 
characteristic  yellow  glow  develops  as  the  sodium  warms 
and  becomes  predominant  in  about  five  minutes.  How- 
ever, it  takes  from  twenty  to  thirty  minutes  for  the  lamp 
to  come  up  to  full  candlepower. 
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The  bulb  containing  the  sodium  is  coated  on  the 
interior  with  a  sodium  resistant  glaze  of  borosilicate  to 
prevent  the  attacking  of  the  glass  by  the  sodium  and  the 
resulting  discoloration  of  the  bulb.  The  development  of 
sodium-resistant  glasses  or  glazes  to  be  applied  to  com- 
mercial glasses,  was  one  of  the  chief  problems  in  the  making 
of  a  practical  sodium  lamp.  Not  only  was  it  necessary  to 
produce  a  glass  that  would  resist  the  attacks  of  the  sodium, 
but  this  glass  had  to  have  the  quality  of  being  workable 
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Fig.  1 — Schematic  Diagram,  10,000  Lumen  A.C.  Sodium  Lamp 

SO  as  to  permit  fabrication  of  lamps.  The  best  solution 
seems  to  be  that  described  above,  of  coating  the  interior 
of  a  commercial  hard  glass  bulb  with  a  sodium-resistant 
glaze  which  prevents  penetration  by  the  sodium  atoms. 
This  glazing  gives  to  the  bulb  the  appearance  of  the  familiar 
inside  frosted  bulbs  of  incandescent  lamps. 

The  sodium  lamp  bulb  which  is  approximately  3  inches 
in  diameter  by  12  inches  long,  is  enclosed  in  a  double- 
walled  vacuum  flask  having  an  outside  diameter  of  4 
inches  and  an  over-all  length  of  163/^  inches.  Asbestos 
washers  around  the  neck  of  the  bulb  fill  the  open  end  of 
the  vacuum  flask  to  prevent  heat  loss.  The  vacuum  flask 
is  indispensable  to  the  operation  of  the  lamp,  since  a  tem- 
perature of  about  220  degrees  C.  is  required  to  provide 
the  most  desirable  vapour  pressure  of  the  sodium,  of  about 
0.2  microns.^  The  attainment  of  maximum  light  output 
and  maximum  efficiency  depends  upon  this  critical  tem- 
perature. When  equipped  with  the  vacuum  flask  and  as 
used  in  commercial  luminaires,  most  of  which  have  a  heat- 
conserving  influence,  the  variations  in  efficiency  are  not 
great  for  even  the  wide  ranges  of  summer  and  winter 
temperatures.  The  result  of  one  test  showed  a  decrease 
in  lumens  of  only  6  per  cent  for  a  change  from  room  tem- 
perature to  —30  degrees  C.^ 

Operating  Characteristics  of  10,000  Lumen  A.C.  Sodium  Lamp 

Three  inherent  properties  of  the  sodium  vapour  lamp 
govern  the  design  of  the  electrical  circuit  whether  for  a.c. 
or  d.c.  operation*: — 


1.  Sodium  vapour  lamps,  like  all  gaseous  discharges, 
have  an  arc  volt-ampere  characteristic,  that  is,  the 
voltage  drop  is  independent  of  current  or  else  it 
decreases  with  increase  of  current.  This  property 
of  a  gas  or  vapour  lamp  necessitates  the  use  of 
special  series  elements  of  reactance  or  resistance  for 
the  purpose  of  limiting  the  current  to  the  desired 
value. 

2.  The  cathode  requires  a  heating  current  and  must 
be  "pre-heated"  before  the  arc  is  started. 

3.  The  starting  voltage  of  the  lamp  is  higher  than  the 
operating  drop. 

The  10,000-lumen  arc  lamp  is  designed  for  operation 
on  a  6.6  ampere  street  lighting  circuit.  Figure  1  gives  a 
schematic  diagram  of  this  lamp  and  auxiliary  equipment 
for  series  circuit  operation.  The  6.6  amperes  for  arc  current 
can  be  supplied  from  a  transformer  with  6.6  ampere  or 
any  other  normal  primary  current  rating.  Inasmuch  as  a 
cathode  heating  period  of  about  a  minute  is  required  before 
the  arc  is  struck,  a  time-delay  device  is  incorporated  in 
the  equipment  to  delay  the  starting  by  this  length  of  time. 
A  radio  filter  condenser  and  ratio-frequency  choke  coil  are 
included  to  eliminate  any  radio  interference. 

The  10,000-lumen  a.c.  sodium  lamp  can  be  operated 
directly  from  a  115  volt  a.c.  multiple  circuit  by  means  of 
a  device  to  provide  an  inductive  kick  for  starting  and  the 
necessary  auxiliary  equipment  for  controlling  the  current 
and  voltage. 

High  Intensity  Mercury  Vapour  Lamps 

The  new  mercury  vapour  lamps  are  now  available  in 
250-watt  and  400-watt  sizes.  The  400-watt  lamp  was 
initially  developed  and  has  been  used  in  most  installations 
up  to  the  present  and  the  description  given  in  this  paper 
will  be  confined  to  this  size. 

The  400-watt  high  intensity  (high  pressure)  mercury 
vapour  lamp  consists  of  a  tubular  light  source  surrounded 
by  a  heat-conserving  jacket,  fitted  wtih  a  mogul  screw  base. 
The  high  intensity  mercury  lamp  differs  from  the  familiar 
Cooper-Hewitt  type  or  low  pressure  lamp,  in  that  the 
pressure  of  the  new  lamp  runs  much  higher,  though  still 
not  above  atmospheric,  and  the  lamp  is  of  smaller  dimen- 
sions.    (See  Fig.  2.) 

The  light  source  is  contained  in  an  inner  glass  bulb 
13/g  inches  in  diameter  and  9  inches  in  length.  This  inner 
bulb  is  mounted  concentrically  in  an  outer  glass  bulb 
which  is  filled  with  a  low  pressure  of  nitrogen  to  prevent 
too  rapid  dissipation  of  heat.  The  complete  lamp  is  2 
inches  in  diameter  by  13  inches  overall  in  length.  The 
inner  bulb  contains  a  small  amount  of  mercury  and  a  low 
pressure  of  argon  gas  for  starting.  A  band  of  wire  gauze 
placed  on  the  outside  of  this  bulb  near  one  electrode 
facilitates  starting.  No  preheating  of  the  electrodes  is 
required  and  the  lamp  will  operate  on  a  230-volt  a.c. 
circuit  with  no  other  regulator  than  a  choke  coil  in  series 
to  provide  the  reactive  steadying  effect.  For  operation  on 
115  volts  a  transformer  to  step  up  the  voltage  may  be  used, 
and  equipment  of  this  design  is  now  available. 

The  arc  appears  as  a  brilliant  pencil  of  light  at  the 
centre  of  the  cylindrical  tube.  This  is  in  contrast  to  the 
sodium  and  low  pressure  mercury  lamp  where  the  glow 
seems  to  fill  the  entire  diameter.  It  is  necessary  to  operate 
the  lamp  in  a  vertical  position  to  prevent  injury  to  the  glass 
from  the  heat  of  the  arc,  although  lamps  of  this  type  for 
horizontal  burning  have  now  been  announced.''  The  con- 
trol of  the  luminous  stream  so  as  to  prevent  it  impinging 
on  the  glass  and  consequent  overheating  is  effected  by 
means  of  electro  magnets  placed  in  proximity  to  the  tube. 
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Efb'iciency 

It  is  the  high  actual  and  even  higher  theoretical 
efficiencies  of  these  new  light  sources  that  are  of  most 
interest  in  regard  to  their  applications.  If  all  the  energy 
of  a  light  source  were  emitted  at  a  wave  length  of  5,550  A, 
the  peak  of  the  relative  luminosity  curve,  the  luminous 
efficiency  would  be  670  lumens  per  watt.  For  sodium, 
one-quarter  of  the  energy  is  emitted  in  the  infra-red  and 
small  amounts  in  other  lines  besides  the  sodium  D  lines. 
The  maximum  possible  luminous  efficiency  of  a  sodium 
source  is  about  360  lumens  per  watt,  and  this  has  been 
reached  in  the  laboratory.  ^  However,  a  value  as  high  as 
this  is  not  practical,  but  under  good  conditions  efficiencies 
of  70  lumens  per  watt  seem  possible.  In  practical  sodium 
lamps  of  present  manufacture  40  to  50  lumens  per 
watt  are  assured,  and  there  is  good  reason  to  believe  that 
higher  efficiencies  can  be  secured  with  further  experience 
and  improvement.  The  present  10,000-lumen  a.c.  series 
lamp  is  rated  at  40  lumens  per  watt. 

Theoretically,  mercury  arc  lamps  do  not  offer  as  high 
possible  efficiencies  as  the  sodium  lamps  on  account  of  the 
spectral  character  of  the  luminous  flux.  However,  com- 
paratively high  efficiencies  have  been  obtained  in  experi- 
mental lamps  and  the  present  practical  400-watt  high 
intensity  mercury  lamp  is  rated  at  35  lumens  per  watt  or 
overall  lumens  per  watt  of  about  32  when  the  reactor  is 
included.  The  high  intensity  mercury  lamp  as  generally 
used  here  and  in  Europe  is  a  230-volt  lamp.  This  lamp 
shows  a  greater  improvement  in  efficiency  over  the  standard 
Mazda  lamps  in  England,  which  are  generally  of  230  volts 
rating,  than  over  Mazda  lamps  in  this  country  which  are 
designed  for  115-volt  circuits.     Incandescent  lamps  of  the 
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Fig.  2— Schematic  Diagram,  400-Watt  High  Intensity  Mercury- 
Vapour  Lamp. 

115-voIt  rating  have  efficiencies  approximately  20  per  cent 
higher  than  230-volt  lamps.  This  explains  to  some  extent 
the  more  extensive  use  of  these  new  sources  in  Europe. 

Consideration  must  be  given  as  well  to  the  economic 
efficiency  in  a  practical  installation  as  well  as  the  efficiency 
of  the  source  itself.  As  compared  to  incandescent  lamp 
installations,  the  cost  of  auxiliary  equipment  and  installa- 
tion is  higher  with  these  new  units.  In  addition  the 
average   lumens   maintained   throughout   life   is   a   lower 


percentage  of  initial  lumens  for  the  gaseous-conductor 
lamp  than  for  Mazda  incandescent  lamps.  In  general, 
the  new  gaseous  conductor  lamps  fall  off  in  candlepower, 
so  that  the  average  efficiency  throughout  life  is  approx- 
imately 80  per  cent  as  compared  to  an  average  efficiency 
of  90  per  cent  or  better  for  incandescent  lamps. 

In  making  a  final  comparison  of  the  new  lamps  and 
the  present-day  incandescent  lamps  it  is  largely  the  average 
or  effective  lumens  on  the  work  that  should  be  considered. 

The  Colour  of  the  Light 

The  sodium  lamp  has  a  characteristic  orange-yellow 
colour,  quite  similar  to  that  produced  when  common  salt 
is  dropped  into  a  flame.  It  is  practically  a  monochromatic 
light  source  with  most  of  the  light  in  the  sodium  D  lines 
of  the  spectrum  equivalent  to  the  wavelength  of  5,893 
Angstrom  units.  Thus,  under  this  light  all  of  the  other 
colours  are  distorted.  This  distortion  may  be  an  advantage 
for  certain  particular  operations,  but  in  general  is  a  distinct 
disadvantage  for  the  usual  visual  tasks. 

The  spectrum  of  the  mercury  vapour  lamp  consists  of 
lines  or  bands  characteristic  in  wavelength  and  energy 
content  of  mercury.  The  light  of  the  high  intensity  mercury 
vapour  lamp  has  a  higher  percentage  of  green  and  yellow 
than  the  familiar  low  pressure  tubes.  While  the  light  has 
the  same  bluish-green  characteristic,  the  appearance  is  that 
of  a  "whiter"  light  source.  This  light  is  comparatively 
monochromatic  in  character  in  that  most  of  the  luminous 
flux  is  in  the  yellow-green  band. 

The  high  intensity  arc  has  a  small  amount  of  red  light 
although  still  quite  deficient  in  this  portion  of  the  spectrum 
to  give  satisfactory  renditions  of  objects  with  red  colours. 
The  red  component  can  be  improved  by  the  addition  of 
cadmium  or  zinc,  but  the  gain  in  colour  is  secured  at  a 
sacrifice  in  efficiency.  Estimating  the  red  from  the  incan- 
descent lamp  at  25  per  cent,  from  daylight  at  15  per  cent, 
and  from  the  high  intensity  mercury  vapour  lamp  at  one 
per  cent  it  has  been  found  that  the  latter  could  be  increased 
through  additions  of  cadmium  and  zinc  by  one  per  cent 
gain  in  red  at  a  loss  in  efficiency  of  about  10  per  cent.* 
In  view  of  the  fact  that  the  deficiency  in  red  can  be  so 
easily  made  up  by  the  use  of  incandescent  lamps,  the  above 
modification  of  the  mercury  arc  hardly  seems  justifiable. 

Flicker 

Both  the  new  sodium  and  mercury  arc  lamps  fall  off 
in  candlepower  during  the  passing  of  the  current  through 
zero  on  alternating  current  circuits.  On  60-cycle  circuits 
this  fluctuation  is  hardly  noticeable  and  not  at  all  objec- 
tionable for  most  applications.  It  is  only  in  the  case  of 
the  illumination  of  high  speed  machinery  that  care  needs 
to  be  taken  in  providing  illumination  from  these  sources 
in  order  to  avoid  stroboscopic  effects.  However,  it  is 
found  that  safety  guards  and  surrounding  equipment  of 
this  nature  are  likely  to  quite  effectively  eliminate  any 
annoyance  from  this  character  of  the  light.' 

On  25-cycle  circuits  the  flicker  is  quite  pronounced, 
and  so  objectionable  as  to  be  impractical  in  ordinary 
interior  lighting  installations.  The  effect  out  of  doors, 
however,  has  proved  to  be  acceptable  and  it  may  be  that 
these  lamps  can  be  used  on  25-cycIe,  particularly  where 
3-phase  is  available  in  large  interiors,  and  where  some 
flicker  is  not  a  serious  handicap. 

Power  Factor 

The  power  factor  of  the  10,000-lumen  a.c.  sodium 
lamp  is  about  90  per  cent. 

The  power  factor  of  the  400-watt  multiple  high  in- 
tensity mercury  lamp  on  220  volts  with  reactor  only  is 
approximately  60  per  cent.  This  value  can  be  corrected 
to  above  90  per  cent  by  the  use  of  a  condenser. 
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The  Applications  of  Sodium  Lamps 
Since  the  first  installations  in  Europe  the  new  sodium 
lamps  have  found  their  application  in  highway  lighting 
largely.  There  are  perhaps  three  particular  reasons  for 
this.  In  the  first  place,  highway  lighting  is  one  of  the 
undeveloped  fields  of  lighting  where  a  high  efficiency 
source  like  the  sodium  lamp  offers  an  incentive  to  provide 
lighting  and  so  correct  the  uneconomic  condition  of  dark 
highways.   Secondly,  the  sodium  lamp  is  particularly  adapt- 


Fig.  3 — Model  Highway  for  Laboratory  Experimental  Purposes. 

able  to  series  circuits  which  have  an  advantage  in  control 
and  distribution  for  this  service.  And  thirdly,  the  colour 
of  the  light  not  only  seems  less  objectionable  in  this  applica- 
tion but  actually  appears  more  satisfactory  than  incan- 
descent lamp  lighting.  This  general  impression  is  due 
perhaps  largely  to  the  different  effect  of  this  lighting 
which  causes  the  highway  to  stand  out  distinctly  and  to 
the  lower  brightness  of  the  light  sources  with  the  resultant 
minimized  glare. 

While  it  is  known  that  the  monochromatic  sodium 
light  is  better  than  light  of  all  colours  of  the  spectrum 
where  visual  acuity  is  concerned,  it  is  not  definitely  known 
that  this  is  the  reason  for  the  favourableness  of  the  sodium 
lamp  for  highway  lighting.  It  has  been  estimated  that 
visual  acuity  is  three  times  as  good  under  sodium  illumina- 
tion as  under  incandescent  lamp  illumination.  In  fact 
investigations  by  Luckiesh  and  Moss  indicate  that  5  foot- 
candles  of  this  light  are  as  effective  in  revealing  fine  detail 
as  20  foot-candles  of  incandescent  light.'"  However,  visual 
acuity  is  a  factor  that  plays  little  part  in  visibility  on 
highways.  What  one  is  more  interested  in  here  is  the 
contrast  between  objects  and  the  background,  and  in  this 
latter  regard  sodium  light  seems  to  have  an  advantage  for 
objects  of  some  colours  and  for  silhouette  vision. 

In  an  effort  to  determine  the  relative  advantages  of 
sodium  light  for  highways  where  conditions  could  be  care- 
fully controlled  and  numerous  observations  taken,  a  model 
roadway  on  a  }/g  scale  was  constructed  at  Nela  Park, 
Cleveland,  last  summer.  ^^  The  road  surface  is  250  feet 
long  and  therefore  represents  approximately  2,000  feet  of 
street.  (See  Fig.  3.)  It  is  equipped  with  several  similar 
systems  of  incandescent  lamps  and  sodium  lamps  which 
give  substantially  identical  illumination  values  on  the  street 
and  equal  candlepower  toward  the  eye.  When  observations 
are  made,  the  subject  is  seated  at  the  end  of  the  street  in 
a  position  relative  to  the  road  surface,  similar  to  that  which 
he  would  occupy  in  the  driver's  seat  of  an  automobile. 
Now  several  thousand  observations  indicate  that  there  is 
no  substantial  difference  foot-candle  for  foot-candle  between 
the  sodium  and  incandescent  lighting  in  revealing  objects 
according  to  the  engineers  who  have  been  conducting  the 
test. 

In  a  true  comparison  of  sodium  and  incandescent 
lighting,  it  is  necessary  to  take  into  consideration  not  only 


the  cost  per  lumen  delivered  on  the  roadway,  but  also  such 
factors  as  glare,  contrast,  reliability,  simplicity,  etc. 

In  Canada  there  are  two  trial  installations  of  sodium 
lamps,  one  just  outside  Three  Rivers,  where  ten  lamps  are 
installed'^,  and  one  near  Stoney  Creek  on  the  Toronto- 
Niagara  highway,  where  four  units  are  used.  Other  installa- 
tions of  a  small  number  of  units  may  have  been  made. 

As  more  satisfactory  sodium  lamps  for  multiple  cir- 
cuits are  developed  it  is  not  unlikely  that  they  will  be 
extended  in  their  use  to  other  fields  than  highway  and 
street  lighting.  For  the  lighting  of  large  areas  the  increased 
efficiency  maj^  be  found  advantageous.  Such  fields  as  rail- 
way yards,  athletic  grounds,  parking  areas,  racetracks,  etc., 
are  possible  applications.  When  the  higher  levels  of  illu- 
mination are  required  and  persons  come  within  the  range 
of  this  illumination  in  their  activities,  the  sodium  lamp  is 
at  a  (Ustinct  disadvantage.  Persons  look  singularly  un- 
attractive when  viewed  under  this  light.  This  colour  dis- 
advantage places  a  great  handicap  on  the  sodium  lamp  for 
extended  application  outside  the  fields  mentioned  above. 
It  is  particularly  unsu'ted  to  home  and  commercial  lighting. 
Reflectors  for  Sodium  Lamps 

This  new  light  source  not  only  brought  to  the  illuminat- 
ing engineer  new  ideas  of  an  illuminant,  but  also  new  require- 
ments in  reflecting  and  distributing  equipment.  The  sodium 
lamp  may  be  burned  horizontally,  as  well  as  in  any  other 
position,  so  that  its  extended  light  source  offers  a  particular 
advantage  for  highway  lighting  and  also  demands  a  new 
design  of  reflecting  medium. 

One  type  of  equipment  that  has  proved  effective  is  the 
airplane  design  of  unit  illustrated  in  Fig.  4.  It  is  interest- 
ing to  note,  as  well,  that  the  reflectors  of  this  luminaire 
are  made  of  aluminum  treated  with  the  new  "Alzak" 
process  which  provides  not  only  high  efficiency  but  also 
good  permanence  in  its  reflecting  power,  since  the  surface 
is  impervious  to  atmospheric  conditions.  The  initial  re- 
flecting efficiency  of  this  surface  is  about  82  per  cent. 

A  few  other  types  have  been  produced  on  this  con- 
tinent,   and    in    addition,    standard    street   lighting   units 


Fig.  4 — Sodium  Luminaire. 

have  been  adapted  to  accommodate  the  sodium  lamps. 
Many  new  designs  of  equipment  have  been  developed  in 
Europe  for  sodium  lamps. 

Applications  of  High  Intensity  Mercury  Vapour  Lamps 
For  many  years  mercury  vapour  lighting  has  been 
used  successfully  in  various  industrial  applications  and  in 
other  specific  fields,  such  as  the  photographic.  The  advent 
of  the  new  high  intensity  mercury  lamp  did  not  constitute 
as  marked  a  change  from  past  practice  as  did  the  introduc- 
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tion  of  the  sodium  lamp.  The  new  mercury  lamp,  how- 
ever, has  a  much  higher  efficiency,  a  somewhat  whiter 
appearing  hght,  and  a  form  and  size  more  akin  to  the 
common  incandescent  lamps  than  the  elongated  low 
pressure  mercury  vapour  tube.  These  three  different 
characteristics  make  the  new  lamp  applicable  in  many 
fields  where  the  older  type  was  unsuited. 

For  the  present  the  new  uses  seem  to  be  largely  in 
street  lighting  and  in  high  bay  lighting  in  factories  and 
larger  buildings.  For  street  lighting  the  mercury  arc  is  not 
so  radically  different  from  the  carbon  arc  street  lights  still 
used  to  good  advantage  in  many  cities.  The  mercury  light 
is  lacking  in  red,  but  this  deficiency  can  readily  be  corrected 
or  reheved  by  the  use  of  incandescent  lamps  in  combination 
with  the  mercury  lamp.  The  incandescent  lamp  serves  two 
further  purposes,  particularly  as  used  in  this  climate,  first 
improving  starting  conditions  of  the  mercury  lamp  in  cold 
weather,  and  second,  serving  as  a  standby  light  source  in 
case  a  momentary  power  interruption  causes  the  mercury 
lamp  to  cease  functioning  for  a  time,  until  it  has  cooled 
sufficiently  for  the  pressure  to  drop  to  a  value  where  the 
lamp  will  start.  While  complete  data  are  lacking  it  is 
generally  considered  for  the  present  that  as  far  as  cold 
weather  operation  goes,  the  high  intensity  mercury  lamps 
may  not  start  at  temperatures  much  below  15  degrees  F. 

The  enclosing  of  a  single  200-watt  lamp  or  combina- 
tions of  more  than  one  lamp  in  a  semi-enclosing  globe  with 
the  mercury  lamp  serves  to  provide  sufficient  heat  to  bring 
the  temperature  to  a  satisfactory  point  for  the  starting  of 
the  mercury  lamp. 

Similar  to  the  sodium  lamp  the  high  intensity  mercury 
lamp  requires  from  fifteen  to  twenty  minutes  or  longer  to 
build  up  to  full  candlepower. 

Lighting  Equipment  for  High  Intensity  Mercury  Lamps 

While  in  a  few  instances  manufacturers  in  America  have 
given  some  consideration  to  the  design  of  new  reflectors 
and  luminaires  for  the  new  mercury  lamp,  for  the  most 
part  the  use  of  these  lamps  up  to  the  present  time  has  been 
confined  to  either  standard  equipment  or  that  equipment 
with  slight  adaptations.  Satisfactory  distributions  of  light 
can  be  obtained  from  standard  high  bay  units,  industrial 
and  commercial  units  of  some  types  and  street  lighting 
equipments  of  proper  size.  In  England  many  new  designs 
of  equipment  have  been  developed,  chiefly  for  street  light- 
ing.^* 

In  the  design  of  equipment  the  chief  problem  is  that 

arising  from  the  long  narrow  light  source  as  distinct  from 

the  small  source  of  the  incandescent  lamp  which  for  many 

purposes  may  be  considered  as  approaching  a  point  source. 

Combination  Units 

The  incompleteness  of  the  spectra  of  the  gaseous  con- 
ductor lamps,  particularly  in  red  radiations,  has  led  to  the 
idea  of  combinations  of  these  lamps  with  incandescent 
lamps  for  general  lighting  purposes.  The  incandescent 
lamp  has  a  complete  spectrum  and  has  an  abundance  of 
red  and  yellow  rays. 

Since  incandescent  lamp  light  is  yellow  as  compared 
to  daylight  or  white  light,  the  addition  of  this  to  the 
already  predominantly  yellow  light  of  the  sodium  lamp 
does  not  constitute  much  in  improvement  in  the  general 
quality  of  the  illumination.  Therefore  little  use  has  been 
made  so  far  of  combinations  of  incandescent  and  sodium 
lighting. 

The  condition  however  is  very  different  where  the  new 
mercury  lamp  is  concerned.  The  addition  of  incandescent 
light  to  the  mercury  light  completes  the  spectrum  in  a 
relatively  satisfactory  manner.  Experiments  to  date  in- 
dicate that  for  a  daylight  effect  a  mixture  in  the  proportion 
of  60  lumens  incandescent  to  40  lumens  high  intensity 
mercury  is  about  right.    This  means  that  from  two  and  a 


half  to  three  times  as  nmch  wattage  in  incandescent  lamps 
is  required  as  in  high  intensity  mercury  lamps.  The  effect, 
of  course,  of  the  combination  is  to  produce  a  luminous 
efficiency  somewhere  between  that  of  the  two  different  light 
sources,  so  that  in  this  regard  the  combination  unit  is  in  a 
much  less  advantageous  position  than  the  mercury  lamp 
by  itself.  No  combinations  of  mercury  vapour  and  Maztla 
lamps  exactly  reproduce  daylight,  and  so  are  not  satisfactory 
for  accurate  colour  matching. 
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Fig.  5 — Bracket  Type  Mercury  Arc  Incandescent  Luminaire, 
without  Globe. 


The  following  is  a  table  of  overall  efficiencies  of  gen- 
erated light  for  combinations  of  lamps,  bare  lamps  only 
considered. 

Generated  Lumens 

Mercury  lamps  alone  (400  watts) 35     lumens  per  watt 

Mercury-Mazda  Combination — 

equal  watts  (2-200  watts) 26        "  "      " 

Mercury-Mazda  Combination- 
equal  lumens  (4-200  watts) 23         "  "      " 

Mercury-Mazda  Combination — 

43-57  lumen  ratio  (4-250  watts  G-30) 23.4     "  "      " 

1,000  watt  Mazda  Lamp  alone 20.8     "  "      " 

500    "  "  "  "    19.5     "  "      " 

200    "  "  "  "    16.7     "  "      " 

While  the  overall  efficiencies  of  combination  units  are 
lower  than  that  of  the  high  intensity  mercury  lamp  alone, 
they  are  nevertheless  much  higher  than  the  efficiency  of 
Mazda  Daylight  Lamps.  Thus  where  a  daylight  appear- 
ance without  accurate  colour  discrimination  qualities  is 
required,  the  combination  units  permit  the  illumination 
to  be  obtained  much  more  efficiently  than  by  daylight 
lamps  or  luminaires. 

In  general,  multiple  lamp  units  involve  greater  dif- 
ficulties in  the  efficient  reflection  and  distribution  of  the 
light  so  that  from  the  standpoint  of  effective  light  control 
and  utilization  combination  units  are  usually  at  a  dis- 
advantage to  single  lamp  types. 
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Some  very  satisfactory  experimental  indirect  combin- 
ation units  have  been  developed.  By  mixing  the  light  in 
an  indirect  manner,  good  distribution  is  obtained  and  good 
mixing  of  the  light.  Luminaires  of  this  type  with  mercury 
and  Mazda  lamps  will  find  application  in  store  lighting 
where  an  abrupt  change  between  the  colour  of  daylight 
and  the  artificial  lighting  in  the  interior  is  undesirable.  It 
will  also  be  found  that  the  light  from  combination  units 
mixes  better  with  daylight,  so  that  these  combination  units 
will  provide  ideal  sources  for  supplementing  daylight  in 
office  buildings,  schools,  exhibitions,  etc. 

Likewise,  combination  units  of  mercury  and  Mazda 
will  find  acceptance  in  industrial  plants,  arenas,  and  like 
places.  The  Glassteel  Diffuser  type  of  luminaire  has  been 
adapted  in  an  experimental  way  to  accommodate  four  or 
five  150-watt  incandescent  lamps  with  one  400-watt 
mercury  lamp.  Other  arrangements  in  specially  designed 
reflectors  are  possible. 

Combinations  of  two  separate  systems  of  lighting — 
one  for  mercury  lamps  and  one  for  Mazda  lamps — have 
already  been  used  in  a  number  of  installations.  This  plan 
is  perhaps  best  suited  to  high  bay  lighting,  where  the  units 
are  mounted  well  above  the  work.  The  high  mounting 
makes  possible  a  reasonable  mixing  of  the  light  without 
an  extremely  close  spacing  of  the  lighting  units.  In  some 
instances  the  layout  is  planned  for  a  standard  Mazda 
lamp  system  and  then  high  intensity  mercury  vapour  units 
substituted  for  alternate  units.  The  incandescent  lamp 
system  serves  to  provide  better  colour  rendition  and  also 
as  a  standby  during  the  retarded  starting  of  the  mercury 
units  in  the  case  of  a  circuit  interruption.  The  high 
intensity  mercury  light  adds  any  improvement  in  visibility 
due  to  the  mercury  spectrum,  gives  a  more  "daylight" 
effect  to  the  illumination,  and  increases  the  efficiency  of 
the  lighting  system. 

The  providing  of  a  daylight  efTect  by  the  additive 
method  by  using  mercury  and  Mazda  illumination  together 
is  a  more  efficient  method  than  by  the  use  of  daylight  glass 
or  daylight  bulbs  with  incandescent  lamps. 

Conclusion 

It  is  difficult  tc  predict  what  will  be  the  ultimate 
place  of  the  gaseous  conductor  lamp  in  the  lighting  of  the 


future.  That  they  will  occupy  an  increasingly  prominent 
position  seems  certain.  As  experience  is  gained  in  their 
uses  and  in  their  manufacture,  improvements  will  be 
accomplished.  While  during  the  introduction  of  these  light 
sources  up  to  the  present  the  installations  have  been  con- 
sidered largely  of  an  experimental  nature,  now  the  practice 
regarding  their  use  has  become  quite  well  established  and 
installations  of  any  magnitude  are  being  undertaken. 

Improvements  in  the  near  future  in  life,  average  effi- 
ciency, uniformity,  colour  of  light,  simplicity  of  operation, 
and  in  cost  of  production,  are  hoped  for.  Whether  or  not 
they  will  eventually  supplant  the  incandescent  lamp  for 
general  lighting  is  a  question  that  only  the  future  will 
answer.  For  the  present  it  appears  that  they  offer  an 
additional  type  of  light  source  that  will  find  application 
in  the  extension  of  artificial  lighting  into  new  fields  and  in 
present  uses  where  alone  or  in  combination  with  Mazda 
lamps  more  effective  lighting  results  are  obtained.  The 
gaseous  conductor  lamps  seem  to  have,  inherently,  limita- 
tions which  will  prevent  their  taking  the  place  in  any  large 
measure  of  the  simple  and  convenient  electric  lamps  as 
known  today. 
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DISCUSSION 


L.  P.  RUNDLE,  M.E.I.C.^ 

There  is  a  highway  lighting  installation  on  the  Hamil- 
ton-St.  Catharines  highway  at  Stoney  Creek,  consisting  of 
four  10,000-lumen  sodium  type  lamps  on  66  cycles.  The 
writer  has  passed  through  this  installation  several  times 
late  at  night  in  both  bus  and  automobile.  In  the  lighted 
zone  headlights  were  turned  ofY  and  it  appeared  that  with 
the  present  installation  one  would  be  more  safe  in  driving 
around  40  to  50  miles  an  hour  than  with  the  usual  auto- 
mobile headlights.  The  driver  of  the  car,  however,  thought 
conditions  better  with  his  dim  lights  on  as  these  lights, 
having  a  wide  beam  spread,  helped  light  the  ditches.  Other 
motorists  state  that  sodium  lamps  are  the  only  light  of 
any  practical  use  when  driving  in  heavy  fog.  Objects 
stand  out  quite  clearly  and  a  man  walking  ahead  of  a  car 
is  distinctly  outlined  and  has  no  appearance  of  fading  into 
the  background  at  the  sides  of  the  highway,  thus  indicating 
clear  contrast.  There  appeared  to  be  no  noticeable  cycle 
flicker.  However  on  25-cycle  there  might  be  some  flicker 
under  certain  conditions.  If  the  lamps  on  25-cycle  were 
fed  alternately  from  a  two-  or  three-phase  supply  it  is 
likely  that  the  average  illumination  would  tend  to  neutralize 
any  flicker  and  consequent  eyestrain.    The  Stoney  Creek 

'  Senior  assistant  engineer,  Welland  Ship  Canal,  St.  Catharines, 
Ont. 


illumination  appears  to  be  easy  on  the  eye  and  remarkably 
free  from  blinding  points  of  light  reflected  from  the  polished 
road  surface  and  engine  hood  of  the  automobile  as  compared 
with  the  ordinary  lamps  and  lighting. 

The  writer  is  of  the  opinion  that  the  lighting  would 
be  improved  if  the  units  were  mounted  higher,  and  if  the 
unit  itself  had  more  area,  thus  decreasing  the  intensity  of 
the  light  per  unit  area.  Some  people  take  exception  to 
the  colour  of  the  light,  others  do  not.  There  is  no  doubt 
that  further  research  and  experiment  will  improve  these 
lights  in  both  colour  and  efficiency  as  well  as  simplify  and 
reduce  the  auxiliary  equipment  now  necessary  for  their 
operation.  The  writer  is  of  the  opinion  that  lighting  of 
the  more  congested  highways  is  necessary  to  reduce  the 
heavy  toll  of  accidents  and  fatalities  due  to  night  driving, 
and  of  all  the  schemes  this  type  of  lamp  appears  to  be 
considerably  superior  to  any  other  practical  type  of  light- 
ing unit  now  in  use,  including  the  best  of  present-day 
automobile  headlights. 

A.  J.  Hodgson'^ 

When  in  England  a  few  months  ago,  the  writer  had 
the  opportunity  of  viewing  some  of  the  new  lighting  installa- 
tions there. 


'  Hydro-Electric  Power  Commission  of  Ontario,  Toronto,  Ont. 
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Forty  thousand  units  were  in  use  in  England  last  year 
and  a  large  number  in  the  process  of  construction.  There 
were  also  a  number  of  installations  of  the  mercury  vapour 
method  used  in  large  stores  with  a  most  pleasing  effect. 
Further  different  councils  were  arranging  for  imposing 
schemes  for  their  respective  areas. 

One  particular  feature  which  was  noticed,  was  the  high, 
even  brightness  of  the  roadways,  with  an  absence  of  glare. 
The  type  of  fixture  used  appeared  to  throw  more  light  in 
the  direction  in  which  the  traffic  was  proceeding  than  it  did 
toward  the  traffic.  In  actual  test  on  a  highway,  a  pedes- 
trian could  be  seen  2,000  feet  away. 

It  would  be  difficult  to  find  a  better  system  of  lighting 
to  reduce  accidents  on  highways  than  the  system  that  has 
been  described. 

J.  A.  Langford,  a.m.e.i.c' 

In  connection  with  the  slides  of  highway  lighting 
installations  in  England  shown  by  Mr.  Hodgson,  there 
seemed  to  be  much  less  glare  coming  from  the  lights  them- 
selves. Is  this  due  to  the  reflectors  designed  for  and  used 
with  those  lamps  ? 


J.  W.  Bateman* 

In  reply  to  Mr.  Langford's  question  the  author  observed 
that  there  are  perhaps  two  reasons  for  the  lack  of  glare. 
In  the  installation  shown  in  England  the  intensity  of  illu- 
mination is  higher  and  the  spacing  of  the  lamps  is  closer 
than  in  the  highway  lighting  installations  here.  It  must 
be  remembered  that  the  shdes  shown  of  the  English  installa- 
tions were  real  street  lighting  installations  where  the  units 
were  spaced  closer  together  so  as  to  obtain  a  more  even 
light  along  the  street  than  in  the  shdes  showing  the  installa- 
tions here  where  you  have  the  units  placed  much  farther 
apart  for  highway  lighting.  Also,  the  English  units  have 
not  quite  the  same  directive  character  as  far  as  directing 
the  light  in  a  wide  beam,  because  the  particular  unit 
illustrated  has  an  opal  glass  side  which  cuts  down  the 
brightness  to  some  extent.  Then  too,  the  design  of  the 
unit  is  such  as  to  throw  the  higher  candlepower  away  from 
the  approaching  driver.  There  are  units  on  both  sides  of 
the  street  so  that  the  unit  on  the  side  on  which  one  is 
driving  would  tend  to  throw  the  light  away  rather  than 
towards  you. 


'  Electrical  Engineer,  Canadian  and  General  Finance  Company, 
Toronto,  Ont. 


*  Manager,  Lighting  Service  Department,  Canadian  General  Elec- 
tric Company  Ltd.,  Toronto,  Ont. 


The  Status  of  the  Engineer 

A  luncheon  address  by  J.  B.  Carswell,  M.E.I.C., 
Delivered  at  the  Annual  General  Meeting,  Toronto,  February  7tli,  1935  (Abridged) 


With  regard  to  the  status  of  the  engineer  in  his  own 
profession,  it  is  the  speaker's  opinion  that  the  heading  for 
the  papers  which  follow  should  not  have  included  the  word 
"status"  at  all.  It  would  have  been  better  to  discuss  the 
"stature"  of  the  engineer,  because  there  is  a  great  difference 
between  his  stature  and  his  status. 

This  abstract  thing  called  "status"  indicates  someone 
at  rest,  someone  who  has  ensconced  himself  in  a  certain 
position,  and  surrounded  himself  with  barriers  and  fortifica- 
tions, and  who  is  not  likely  to  move  out  of  that  position 
for  some  considerable  time. 

The  other  word,  "stature,"  which  is  a  materialistic  and 
concrete  quality  is  more  appropriate;  you  can  have  stature 
and  still  be  growing  and  walking  forward  amongst  your 
fellowmen,  but  stature  in  the  engineering  profession  or  in 
any  other  profession  can  only  be  acquired  by  hard  unselfish 
service  to  the  public. 

Why  are  we,  as  engineers,  always  so  worried  about 
our  status  in  the  engineering  profession  ?  Is  there  not  a 
little  nervous  fear  that  our  importance  may  be  overlooked  ? 
Many  engineers  are  fond  of  analyzing  the  position  of  the 
engineer  in  society  and  it  is  an  interesting  occupation  to 
prove  conclusively  to  yourself  that  without  the  engineer 
society  could  not  exist.  However,  if  you  happened  to  be 
a  law  student,  you  could  similarly  analyze  the  situation 
and  prove  that  society  could  not  exist  if  it  were  not  for 
law  and  order  controlled  by  the  legal  fraternity.  The 
truth  of  the  matter  is  that  all  occupations  are  merely  cogs 
in  the  wheels  of  industry,  their  usefulness  is  measured  in 
units  of  co-operation,  and  that  is  where  the  average  en- 
gineer falls  down. 

Last  year  the  speaker  criticized  the  agenda  of  the 
annual  meeting  of  The  Engineering  Institute,  and  this 
year  it  should  again  be  criticized. 

Engineers  are  lacking  in  perspective.  This  is  the  year 
1935,  when  the  political  pot  is  boiling  as  it  never  boiled 
before,  and  when  the  economic  structure  of  Canada,  and 
every  country  in  the  world,  is  under  a  severe  strain.     The 


old  established  orders  are  changing;  the  capitalistic  system 
is  being  attacked  from  every  side;  in  some  countries  of 
the  world  the  capitalistic  system  has  ceased  to  exist.  Our 
government  in  Ottawa  has  facing  it  at  the  moment  prob- 
lems of  vital  importance  which  will  affect  every  man  and 
wornan.  To-day,  the  representatives  of  four  thousand  pro- 
fessional engineers  in  the  Dominion  of  Canada  meet,  a 
group  which  is  supposed  to  contain — and  does  contain 
without  doubt — some  of  the  best  trained  minds  in  the 
country.  Now,  the  government  in  Ottawa  is  after  all  just 
a  group  of  business  men,  who  are  at  this  time  seeking  for 
good  intelligent  public  opinion  as  a  guide  for  them  in  their 
actions.  And  what  do  the  representatives  of  four  thousand 
engineers  do  ?  The  first  day  of  their  meeting  is  devoted 
to  a  discussion  of  gaseous  conductor  lamps  and  bascule 
bridges.  What  interest  has  the  government  in  these  sub- 
jects? And  the  third  session — the  third  session  is  much 
better — something  is  actually  being  done  for  the  public  in 
the  way  of  discussing  the  water  situation  and  the  irrigation 
problems  out  west.  Incidentally  there  was  an  editorial  in 
the  paper  a  couple  of  days  ago  congratulating  The  En- 
gineering Institute  upon  tackling  this  problem. 

But,  where  does  this  group  of  four  thousand  men  stand 
in  connection  with  such  items  as  unemplojnuent  insurance, 
old  age  pensions,  and  all  the  other  social  problems  con- 
fronting the  country  at  the  present  time  ?  What  are  their 
views  on  the  railway  problem?  It  has  been  said  on  the 
best  authority  that  the  railway  problem  will  wreck  the 
credit  structure  in  this  country,  unless  a  reasonable  solu- 
tion is  found.  Where  do  engineers  stand  on  the  housing 
problem.  Substantially  the  same  class  of  houses  are  being 
built  to-day  as  one  hundred  years  ago.  The  modern 
method  of  mass  production  which  has  made  such  vast 
changes  in  the  production  of  everything  else  in  this  coun- 
try has  never  yet  been  applied  to  the  building  of  houses. 
Yet  it  is  quite  possible  to  build  a  house  or  a  factory  and 
apply  the  same  method  to  its  construction  as  is  applied 
to  the  building  of  a  Chevrolet  car,  and  still  erect  a  structure 
which  will  last  and  lose  none  of  its  originality. 


256 


THE     ENGINEERING     JOURNAL 


May,  1935 


Why  is  it  necessary  to  go  to  Indiana,  quarry  tons  of 
stone  out  of  the  soHd  rock,  haul  it  a  thousand  miles,  and 
finally  hoist  it  three  hundred  feet  into  the  air  to  form  the 
wall  of  a  modern  hotel,  when  fifty  other  materials  could 
be  mentioned  which  would  serve  the  purpose  better,  would 
be  cheaper,  and  would  impose  on  the  steel  supporting 
structures  only  about  one-tenth  of  the  weight?  Why  is 
this  done  ?  The  answer  is  two-fold.  First,  because  our 
fathers  and  our  grandfathers  and  our  great  grandfathers 
did  it  before  us,  and  secondly  because  the  engineer,  who 
should  be  tackling  this  problem,  has  for  generation  after 
generation  treated  the  subject  with  contempt  and  neglect. 

Who  built  the  aqueducts  in  Rome  ?  History  says  that 
Claudius  Csesar  built  them,  but  while  Caesar  was  in  Britain 
fighting  the  Picts  and  the  Scots  there  was  somebody  in 
Rome  who  knew  the  first  principles  of  design  and  hydrau- 
lics, and  built  the  aqueducts  leading  into  Rome  which  stand 
there  to-day,  yet  his  name  does  not  come  down  in  history. 

The  engineer  was  then  and  is  to-day  for  some  reason 
or  other  always  taking  a  back  seat,  retiring  in  modesty. 
Why  does  he  do  so,  when  at  the  same  time  he  is  faintly 
conscious  of  his  own  superiority  over  his  lay  associates. 
Out  of  that  faint  consciousness  develops  a  little  cjoiical 
attitude  towards  humanity,  a  feeling  sired  by  introspection 
and  mothered  by  idealization. 

And  so,  in  introducing  this  series  of  discussions  this 
afternoon,  the  speaker  wishes  to  make  a  plea  that  at  the 
next  or  ensuing  meeting  of  The  Engineering  Institute  an 
attempt  be  made  to  arrange  the  agenda  so  that  the  public, 
and  particularly  those  in  authority,  will  welcome  the  com- 
ing of  our  annual  meeting,  and  will  look  forward  to  some 
constructive  guidance  on  the  part  of  this  great  group  of 
engineers. 

Of  course,  it  is  necessary  to  untangle  the  status  of  the 
engineer  in  Canada,  and  the  papers  that  you  are  going  to 
hear  are  necessary,  and  will  be  very  interesting,  but  if  the 
average  professional  engineer  in  this  country  would  get 
away  from  the  detail  of  his  profession  sufficiently  long  to 
show  the  man  in  the  street  that  he  has  real  stature,  then 
he  would  not  have  to  spend  time  worrying  about  his  status. 

It  is  no  doubt  a  pleasure  to  submerge  oneself  completely 
in  a  technical  problem,  to  wallow  in  a  mass  of  detail,  and 
after  weeks  and  months  of  concentration  to  emerge  trium- 
phantly with  the  solution — a  solution  which  can  be  proved 
backwards  and  forwards,  and  all  carefully  drawn  to  the 
scale  of  one-half  inch  to  the  foot.  When  you  solve  a 
problem  of  that  kind,  it  really  does  not  matter  if  you  have 
not  been  out  of  the  house  for  a  week,  or  read  a  daily  news- 
paper for  two  weeks.  You  have  solved  this  thing  and  you 
know  it  is  right. 


Meanwhile,  England  may  have  gone  off  the  gold 
standard;  Germany  may  have  turned  communistic,  or 
Fascist,  or  Nazi.  One  doesn't  really  care.  Possibly  the 
future  of  some  huge  industry  may  be  trembling  on  the 
brink;  it  may  be  the  corporation  for  whom  one  is  working 
out  this  problem,  but  what  does  it  matter.  And,  frankly, 
one  did  not  have  to  care  very  much  in  the  past.  There 
were  always  more  and  more  problems  to  be  attacked,  lots 
of  work  to  do,  intensely  interesting  work,  and  the  wheels 
were  going  around  merrily. 

But  things  are  different  in  1935;  in  fact  they  have 
been  different  for  the  last  four  years.  The  wheels  of  in- 
dustry have  largely  stopped  running,  and  the  supply  of 
problems  has  lessened.  There  are  thousands  of  engineers 
in  this  country  who  have  been  out  of  employment  for 
years,  and  are  still  out,  although  the  wheels  of  industry 
are  beginning  to  move  again. 

When  this  depression  started  there  was  considerable 
noise  about  "technocracy" — that  is  up  in  the  attic  now 
with  other  fads  of  the  past,  Mali  Jong,  crinolines  and  silent 
pictures.  But  there  was  a  warning  in  technocracy  which 
the  average  engineer  failed  to  grasp.  The  theory  the 
technocrat  handed  to  us  was  that  too  much  energy  had 
been  devoted  to  production  and  there  had  not  been  enough 
guidance  and  efficiency  in  distribution;  criticism  should  not 
have  been  aimed  at  production,  but  at  the  more  inefficient 
part  of  the  industrial  structure,  lack  of  guidance. 

Who  has  been  responsible  ?  Just  a  group  of  engineers, 
ourselves,  who  sit  down  and  discuss  at  annual  meetings 
the  details  of  bascule  bridges,  when  they  should  be  out 
performing  some  good  service  for  the  public,  and  giving 
the  public  the  benefit  of  their  training  and  their  brains. 

Every  engineer  should  be  wakened  up  to  the  fact  that 
in  this  mechanical  age  of  progress,  if  he  is  ever  to  acquire 
real  stature  in  this  country,  he  will  have  to  get  out  in 
front  of  the  business  mess  in  which  all  find  themselves 
to-day,  a  mess  for  which  he  is  in  a  great  measure  responsible. 
Away  out  in  front,  applying  the  same  logical  principles  to 
the  present  problems  as  in  the  past  have  been  applied  to 
production  problems.  The  engineer  may  have  to  learn  a 
new  language.  He  may  have  to  discover  his  lay-associates, 
to  find  out  who  these  strange  creatures  are,  before  he  can 
be  much  use,  but  having  served  his  apprenticeship  out  in 
front,  where  he  is  performing  a  real  service  to  the  Dominion 
of  Canada,  then,  and  only  then,  can  he  look  in  the  mirror, 
once  in  awhile,  and  congratulate  himself,  not  on  the  status 
of  the  engineer  in  his  profession,  but  on  the  stature  of  the 
engineer  in  the  economic  life  of  Canada. 
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This  paper  is  an  attempt  to  discuss  briefly  a  number 
of  factors  related  to  the  whole  subject  of  the  "Engineer 
and  Industry,"  rather  than  to  deal  exhaustively  with  only 
one  phase  of  it. 

Definition  of  an  Engineer 

Just  who  is  the  engineer  in  modern  industry  ? 

From  general  observation,  it  might  be  said  that  he  is 
that  man  who  supplies,  and  applies,  technical  and  scientific 
information  and  direction,  wherever  complexities  of  dis- 
covery, production,  design,  processing  or  distribution  exist. 

This  definition  covers  a  wide  field  of  technology;  it 
includes  many  new  developments  in  Canada,  and  the  use 
of  men  with  engineering  and  scientific  training  in  these  new 
branches  is  increasing  year  by  year.  The  demonstrated 
ability  of  engineers  to  adapt  their  technical  training  to  the 
ever-changing  requirements  of  industry  and  business  is 
indeed  amazing,  and  as  industry  becomes  larger,  the  call 
for  men  with  an  engineering  training  becomes  greater. 
More  specialization  is  required,  and  administration  becomes 
more  involved. 

Status  of  Engineers  in  Industry 

The  great  variety  of  endeavour  now  followed  by  en- 
gineers in  industry,  makes  training  a  complex  procedure; 
likewise,  it  makes  any  attempt  to  set  standards  of  profes- 
sional status  almost  an  impossibility. 

The  engineer  in  industry  is  a  professional  man,  and 
no  doubt  exists  on  that  point.  He  professes  and  makes 
open  declaration  that  he  is  in  possession  of  knowledge  over 
and  above  that  possessed  by  Mr.  Average  Citizen.  Lives 
of  thousands  depend  on  his  skill,  and  industries  constantly 
advertise  this  applied  knowledge  as  a  feature  of  their 
products,  whether  motor  cars  or  paint.  Yet  the  engineer 
becomes  part  of  his  industry,  and  largely  relinquishes  any 
professional  title  he  may  hold.  The  terms  are  recognized 
at  once,  supervisor,  superintendent,  manager  or  president. 
These  titles  gives  indication  of  the  status  of  the  man  in 
the  industry,  but  not  of  his  status  in  his  profession. 

In  the  past  engineers  have  adopted  several  ideas  to 
maintain  and  make  known  their  technical  status.  They 
use  university  and  professional  degrees.  This  Institute 
has  had  experience  in  the  adding  of  a.m. e. i.e.  and  m.e.i.c. 
after  members'  names.  In  one  country,  engineers  have 
attempted  to  add  the  word  "engineer"  before  plant  titles, 
such  as  engineer-superintendent,  or  engineer-manager.  In 
industry  the  titles  of  plant  engineer,  maintenance  engineer, 
designing  engineer,  production  engineer  and  sales  engineer 
are  used,  but  these  titles  do  not  indicate  status  or  seniority, 
as  much  as  specialization.  They  all,  however,  do  suggest 
that  the  man  involved  professes  a  knowledge  of  engineering 
or  technology. 

It  is  not  easy  to  see  how  professional  engineering  status 
can  be  indicated  in  industry  by  title,  nor  is  it  clear  that 
this  is  essential.  The  point  one  should  be  concerned  with 
is  the  engineer's  real  status;  in  other  words,  how  can  such 
an  organization  as  The  Engineering  Institute  of  Canada 
serve  the  engineer,  enable  him  to  give  greater  service  and 
better  leadership  to  his  industry,  and  to  the  people  depend- 
ing on  him  in  that  industry. 

The  growth  of  industry  in  Canada,  in  recent  years,  is 
well  known,  and  it  is  unnecessary  to  quote  figures  on  this 
side  of  the  question;  but  the  increase  in  the  number  of 
technical  graduates  from  universities  in  response  to  the 
growing  demands  of  industry,  is  not  so  well  known. 


The  following  figures  show  the  trend  towards  the  more 
industrial  branches  of  engineering,  such  as  chemical,  me- 
chanical or  electrical,  and  this  trend  has  increased  enor- 
mously in  recent  years. 

The  average  number  of  students  graduated  per  year 
in  civil  engineering  during  the  period  1900  to  1904,  was 
twenty-two.  During  the  period  1910  to  1914,  however,  the 
number  graduated  rose  to  an  average  of  one  hundred  and 
fifty.  The  peak  was  reached  during  this  period,  for  during 
the  next  ten  years,  the  number  dropped  to  one  hundred 
and  seventeen;  and  in  the  last  ten  years,  has  shown  a 
further  decrease  to  an  average  of  one  hundred  and  six. 

The  number  of  graduates  in  mining  has  been  relatively 
constant  since  1910,  as  compared  with  the  changes  in  othei' 
fields.  Before  1910,  the  average  graduating  class  in  mining 
for  all  of  Canada  was  eighteen  per  year.  From  1910  to 
1934,  however,  there  is  a  slow  rise  from  fifty  to  sixty-three. 

In  the  comparatively  new  fields  of  chemical,  electrical 
and  mechanical  engineering  is  shown  most  clearly  the  effect 
of  the  demands  of  a  more  industrialized  country;  the 
phenomenal  increase  in  the  number  of  electrical  graduates 
to  meet  the  needs  of  the  great  utilities,  private  and  public, 
the  steadily  increasing  demand  for  chemical  engineers  in 
the  metal  industries,  food,  textiles,  oil,  rubber,  paper  and 
research  in  every  field,  is  most  marked;  and  then,  of  course, 
the  steady  increase  in  the  use  of  mechanical  engineers  as 
processing  becomes  more  mechanized. 

In  the  period  from  1900  to  1904,  the  average  number 
graduated  in  electrical  engineering  from  the  whole  of 
Canada  was  two,  although  there  were  some  combined 
courses  with  mechanical  engineering;  from  then  till  the 
period  1910-1914,  there  is  a  sudden  rise  to  an  average  of 
forty-two  per  year,  a  tremendous  increase. 

In  the  next  ten  years,  ending  1924,  the  number  in 
electrical  engineering  more  than  doubled.  For  the  period 
from  1930  to  1934,  there  was  an  average  of  one  hundred 
and  twenty  a  year,  compared  to  ninety-four  in  the  1920- 
1924  period.  It  will  be  seen  at  once  that  an  apparent  peak 
for  electrical  engineering  was  reached  in  1930  to  1934,  and 
it  may  be  that  this  figure  will  decrease,  because  employ- 
ment in  electrical  industries  fell  off  in  these  years. 

In  1900  to  1904,  there  was  an  average  graduating  class 
of  three  in  chemical  engineering  in  Canada;  the  number 
quadrupled  in  the  1910  to  1914  period,  and  during  the 
next  ten  years  increased  from  twelve  to  sixty-seven,  or  500 
per  cent.  In  the  last  four  years,  the  average  is  somewhat 
higher  than  seventy  per  year,  and  this  figure  does  not 
include  graduates  in  pure  chemistry  from  arts  colleges, 
which  would  probably  increase  the  number  to  over  ninety 
per  year. 

In  mechanical  engineering,  there  is  a  steady  but  rapid 
increase  in  the  number  graduated.  The  average  in  the 
period  1900  to  1904  was  twenty-four;  in  the  last  four  years, 
the  average  number  graduated  is  ninety  per  year.  The 
average  increase  from  period  to  period  is  about  400  per 
cent. 

These  figures  give  some  indication  of  the  increasing 
number  of  young  engineers  entering  industrial  engineering 
fields.  To  keep  their  status  in  industry  high,  their  train- 
ing must  be  thorough,  but  one  must  guard  against  training 
more  men  than  industry  can  absorb  with  profit. 

The  question  of  training  consists  of  two  principal  fac- 
tors: scientific  and  theoretical  training  in  universities,  and 
practical  experience  training  in  the  industry  itself.     Can- 
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adian  industry  would  do  well  to  attach  much  greater 
importance  to  the  building  up  of  a  junior  staff  and  to 
training  these  young  men  after  they  are  employed. 

Changes  in  economic  or  national  policy  greatly  affect 
engineers,  both  those  in  industry  and  consultant  engineers 
serving  industry;  and  one  major  factor  is  the  growth  of 
the  international  industries,  with  centralized  research  in 
larger  countries,  resulting  in  the  enormous  growth  of  branch 
plants,  with  their  head  offices  lying  outside  Canada,  where 
most  of  the  technology  is  developed  and  designed. 

These  changes  are  not  of  long  standing,  but  are  recent 
and  present  developments.  In  1920,  there  were  about  two 
hundred  branch  plants  in  Canada;  today,  there  are  some 
fifteen  hundred — an  increase  of  thirteen  hundred  in  about 
fourteen  years.  If  the  status  of  the  Canadian  engineer 
gives  concern,  one  must  study  the  effects  of  these  changes 
on  his  position  and  future  in  industry. 

It  happens  that  for  many  branch  plants,  research, 
development  and  training  are  largely  carried  on  in  the 
parent  plant,  and  when  engineers  or  administrators  are 
required,  they  are  moved  from  the  parent  plant  to  the 
branch.  In  isolated  cases,  this  may  not  affect  Canadian 
engineers,  but  with  fifteen  hundred  branch  plants,  it  will 
be  seen  that  the  problem  becomes  vitally  important, 
especially  if  it  is  considered  that  about  five  hundred  young 
engineers  are  graduated  each  year  in  Canada,  and  this 
number  is  steadily  increasing. 

Many  branch  plants  are  thoughtful  on  this  point,  and 
have  a  broad  viewpoint,  taking  into  consideration  the  local 
or  national  effects  of  such  a  policy;  but  others,  overwhelm- 
ingly concerned  with  profits,  take  a  narrow  view  and  tend 
to  ignore  national  welfare — at  least,  the  welfare  of  a  section 
of  people  such  as  engineers — and  it  is  important  that  such 
a  stratum  of  people  be  considered. 

At  the  present  time,  when  a  branch  plant  wishes  to 
import  an  engineer  from  its  parent  company,  application 
is  made  to  the  Department  of  Immigration,  Ottawa,  giving 
the  reasons  for  such  a  request.  The  Department  then 
seeks  advice  on  the  question  from  available  sources,  and 
grants  or  refuses  entry  on  the  merits  of  the  case,  at  the 
time  of  application.  In  many  companies  this  need  might 
have  been  foreseen,  and  Canadian  engineers  given  the 
necessary  training;  in  other  words,  many  importations  are 
merely  a  matter  of  immediate  convenience. 

It  would  appear  that  this  Institute  should  establish 
a  "Rule  of  the  Road"  in  co-operation  with  the  Dominion 
government  on  such  problems,  so  that  branch  plants  would 
either  send  young  Canadians  to  their  parent  plants — to  be 
brought  back  later  on — or  give  them  training  in  the  branch 
plant.  These  companies  would  at  least  know  what  was 
expected  of  them;  for  as  it  is  now,  some  find  it  difficult 
to  understand  why  an  application  for  the  importation  of 
a  foreign  engineer  is  refused.  It  is  infinitely  better  to  create 
a  definite  understanding  between  countries  than  to  allow 
a  great  many  small  differences  to  arise  and  grow. 

Imported  Design 

Again,  a  definite  understanding  should  be  arrived  at 
concerning  the  importation  of  design  for  both  structures 
and  machines.  Engineering  design  should  not  be  imported 
into  Canada,  when  it  can  be  supplied  competently  in 
Canada  at  a  comparable  cost.  To  be  specific,  a  plant 
should  not  import  a  design  for  a  building  when  competent 
Canadian  engineers  and  architects  are  available.  Yet  this 
was  done  on  many  occasions  last  year. 

It  should  be  possible  to  establish  rules  for  the  guidance 
of  all  concerned  in  these  matters,  and  an  organization  like 
The  Institute  might  accept  leadership  in  this  regard. 

There  is  a  secondary  effect  to  be  considered  when 
industrial   design   is   imported  into   Canada.    Suppose  a 


Canadian  industry  maintains  an  engineering  and  develop- 
ment staff,  and  is  later  subjected  to  competition  from  a 
branch  plant  where  these  costs  (sometimes  as  high  as  15 
per  cent)  are  charged  to  a  market  many  times  as  large. 
It  is  obvious  that  the  Canadian  industry  cannot  compete 
for  long,  and  will  be  forced  to  give  up  its  technologists  in 
Canada,  and  import  its  design  at  less  cost.  Thus  opportu- 
nities for  employment  of  engineers  and  development  of 
engineering  skill  in  this  field  are  lost  to  Canada. 

Some  of  these  problems  are  very  complicated  and 
solutions  far  from  simple,  but  they  constitute  a  handicap 
to  the  Canadian  engineer,  if  they  are  not  controlled,  and 
seriously  affect  his  status. 

How  can  the  engineering  organizations  assist  in  im- 
proving the  real  status  of  the  engineer  in  industry  ? 

1.  Our  engineering  organizations  should  face  the  fact 
that  Canadian  interests  cover  an  enormous  and  detailed 
field,  and  they  should  encompass  as  much  of  it  as  they  can. 
They  should  be  ever-ready  to  enlarge  their  horizons,  when- 
ever they  see  that  service  can  be  rendered  to  our  members, 
or  to  the  nation  and  its  people.  Engineers  in  C'anada  must 
stop  doing  things  by  halves;  they  must  do  them  wholly 
and  find  the  necessary  funds. 

2.  An  organization  such  as  The  Institute  should  give 
assistance  to  smaller  group  of  engineers,  where  it  is  to  the 
nation's  interest  to  promote  the  particular  specialized 
knowledge  concerned.  That  assistance  should  be  given 
with  a  thoroughness  that  will  enable  our  engineers  to  be 
leaders  in  these  fields. 

3.  The  Institute  should  promote  whole-heartedly  the 
use  of  competent  engineering  services  to  our  people.  Per- 
haps heating  is  more  important  to  Canada  than  to  most 
countries.  A  man  building  or  buying  a  home  who  does 
not  call  in  a  professional  heating  engineer  for  advice  loses 
both  money  and  comfort  in  the  long  run.  Our  cities  are 
filled  with  cold  houses.  They  could  be  well  heated,  with 
the  same  or  even  less  fuel,  if  systems  were  properly  designed. 
However,  people  think  it  too  costly  to  consult  engineers 
specialized  in  this  field.  The  Institute  should,  as  an 
association,  tell  them  what  can  be  done  for  them,  and  in 
doing  this  for  them,  we  assist  ourselves. 

4.  The  Institute  should  be  in  a  position  to  advise 
universities  where  specialist  training  is  needed,  and  cer- 
tainly should  be  able  to  provide  engineers  in  industry 
with  a  constant  supply  of  the  best  technological  literature 
pertaining  to  his  specialty,  arising  in  any  country. 

5.  The  Institute  and  interested  associations,  should 
establish,  in  conjunction  with  the  government,  definite 
understandings  concerning  importations  of  engineering  serv- 
ices from  other  countries,  and  assist  in  providing  the 
necessary  information  on  these  problems  to  enable  fair 
rulings  to  be  established. 

6.  The  Institute  and  interested  associations  should 
establish  definite  understandings,  approved  by  the  govern- 
ment of  Canada,  pertaining  to  the  control  of  importations 
of  engineering  design. 

7.  The  Institute  and  other  associations  should  lend 
their  best  talents  to  assist  in  the  stabilization  of  the  widely 
fluctuating  durable  goods  industries,  for  the  lack  of  such 
stabilization  has  created  much  hardship  and  a  lowering  of 
engineering  status  during  recent  years. 

Conclusion 

To  raise  the  status  of  the  engineer  in  industry,  studies 
must  be  made  of  his  problems,  and  so  organize  engineering 
associations  that  he  can  be  assisted  economically  and 
thoroughly,  or  protected,  in  whatever  way  it  can  most 
fairly  be  effected.  This  is  not  the  work  of  a  year,  but  of 
years;  but  in  this  way.  The  Institute  can  serve  the  nation 
and  its  people,  and  its  own  members  in  industry. 
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This  paper  is  to  some  extent  a  matter  of  joint  author- 
ship. The  chairman  of  this  session  and  several  others  have 
taken  an  active  part  in  suggesting  the  points  to  be  con- 
sidered, and  while  they  cannot  be  held  responsible  for  the 
conclusions,  they  should  share  in  whatever  credit  there  may 
be  for  the  subject  matter. 

The  subject  will  be  discussed  from  the  possibly  limited 
point  of  view  of  the  engineer  engaged  in  the  design  and 
construction  of  buildings,  including  the  structural,  mechan- 
ical and  electrical  engineer.  This  should  serve  to  illustrate 
most  of  the  difficulties  and  the  desires  of  engineers  engaged 
in  other  types  of  private  practice. 

The  status  of  the  engineer  depends  on  his  relationships 
to  those  with  whom  his  work  brings  him  in  contact: — 
First—    The  client. 

For  the  consulting  engineer  the  direct  contact 
may  be  with  either  the  owner  or  the  architect. 
Second — The  contractor. 
Third—  The  public. 

The  principal  objects  to  be  attained  may  also  be  classed 
under  three  headings: — 

First —  Ability  to  carry  out  the  responsibilities  involved 
in  a  competent  manner.  This  is  to  be  attained  by 
natural  aptitude;  academic  and  office  training; 
experience  in  the  office  and  in  the  field. 

The  last  item  is  often  lacking,  resulting  in 
impracticable  design  and  details  being  called  for 
at  an  increase  in  cost  with  no  benefit  in  the  final 
result. 
Second — Full  co-operation  from  inception  to  completion  of 
the  project. 

This  involves  by  each  of  the  three  parties  to 
the  production  of  the  job,  architect,  engineer  and 
contractor,  a  full  appreciation  of  the  functions  and 
responsibilities  of  the  others;  and  an  active  co- 
operation by  means  of  discussion  and  consideration 
so  that  full  advantage  may  be  taken  of  the  special 
knowledge  of  each  of  the  three. 
Third —  Adequate   remuneration   for   the   services   given. 
This  involves  the  establishing  of  and  adherence  to 
reasonable  schedules  of  fees  by  the  architect  and 
the  engineer,  with  provision  for  severe  disciplining 
by  the   governing   bodies   of  those   who   do   not 
maintain  the  schedule. 
The  faults  in  present  conditions  are  well  known,  but 
our  main  desire  at  the  moment  is  to  seek  ways  and  means 
of  approaching  to  ideal  conditions,  instead  of  bemoaning 
present  failings. 

What  methods  are  to  be  applied  to  obtain  these  objects  ? 
The  essential  thing,  the  basis  of  all  improvement,  is  un- 
doubtedly uniform  and  effective  legislation  developed  in 
co-operation  with  our  colleagues,  the  architects.  Effective 
legislation  will  enable  us  to  deal  properly  with  the  first 
and  the  third  of  the  objects  set  forth  above,  i.e.,  qualifica- 
tion and  remuneration. 

The  architects  are  ready  and  eager  to  co-operate  in 
this  regard,  in  the  province  of  Ontario  at  any  rate,  and 
the  author  believes  prompt  and  definite  action  should  be 
taken,  by  the  appointment  of  representatives  of  the  en- 
gineers to  meet  with  the  architects  and  arrive  at  con- 
clusions as  to  how  best  to  further  the  desires  of  each 
profession  in  regard  to  legislation. 

As  a  matter  of  practical  politics  it  would  appear  that 
this  action  must  be  taken  by  the  Ontario  Association  of 


Professional  Engineers.  The  Engineering  Institute  of 
Canada  has  no  provincial  organization,  and  this  question 
brings  up  again  the  necessity  for  close  co-operation  between 
the  provincial  bodies  of  engineers  and  The  Institute. 

The  second  of  the  objects  to  be  attained — full  co- 
operation in  the  design  and  execution  of  the  job — is  more 
involved  as  to  method  but  perhaps  easier  of  accomplish- 
ment, in  that  it  does  not  involve  the  action  of  outside 
bodies — the  Provincial  Legislatures. 

The  main  difficulty  here  is  probably  lack  of  mutual 
appreciation.  The  engineer  is  not  merely  a  structural 
designer.     The  architect  is  not  merely  a  decorator. 

When  an  architect  calls  in  a  structural  engineer  as  a 
consultant  it  should  not  be  merely  to  give  him  information 
as  to  size  and  detail  of  a  series  of  beams  and  columns  for 
which  the  location  and  material  is  already  fixed.  The 
engineer's  useful  functions  can  and  should  begin  at  the 
stage  when  the  general  layout  is  being  determined.  His 
knowledge  can  be  of  much  greater  value  in  making  com- 
parisons as  to  the  advantages  and  disadvantages  of  different 
layouts  and  different  materials  than  it  can  be  in  the  rel- 
atively simple,  almost  mechanical,  computation  of  sizes  of 
members,  and  preparation  of  details  for  their  connections 
and  so  on. 

This  fact  is  not  appreciated  by  many  architects  and 
some  method  of  impressing  it  upon  them  is  a  necessary 
preliminary  to  fuller  co-operation. 

The  same  lack  of  appreciation  is  noticeable  in  the 
opposite  direction.  Engineers  have  been  known  to  prepare 
plans  for  a  great  hydro-electric  plant,  and  after  everything 
of  apparent  importance  was  settled,  to  call  in  an  architect 
and  ask  him  to  "pretty  it  up"  for  them. 

Surely  every  great  engineering  work,  bridge,  dam, 
hydro  plant  or  industrial  plant,  should  be  designed  with 
real  consideration  to  its  appearance  as  well  as  its  efficiency, 
and  to  give  this  consideration  the  co-operation  of  the 
architectural  mind  should  be  used,  starting  at  a  very  early 
stage  of  the  project. 

This  full  and  mutual  co-operation  is  essential  to  true 
economy.  The  major  part  of  large  building  to-day  is  com- 
mercial in  its  nature.  It  must  earn  its  keep.  To  do  this 
the  first  cost  must  be  kept  as  low  as  possible,  the  operation 
of  the  building  must  be  efficient,  and  the  character  and 
appearance  must  be  such  as  to  attract  customers  or  tenants. 
To  obtain  all  of  these  features  a  full  co-operation  of  the 
two  types  of  mind,  the  two  methods  of  approach  to  the 
problem,  is  necessary. 

We  must  also  consider  the  question  of  the  responsibility 
of  the  engineer  and  architect  to  the  contractor  and  of  proper 
co-operation  with  him.  For  the  moment  we  may  assume 
the  architect  and  engineer  as  one,  the  designer  of  the 
building,  and  the  contractor  as  the  man  or  organization 
which  produces  the  finished  structure  from  the  design. 

Again  the  value  of  co-operation  from  an  early  stage  is 
apparent.  The  designer  may  visualize  what  he  wants,  but 
often  the  question  as  to  whether  it  is  practicable  or  obtain- 
able within  the  cost  appropriation  is  a  question  on  which 
the  contractor  can  give  valuable  advice.  Or  perhaps  he 
can  suggest  how  to  obtain  the  desired  result  by  some 
other  means  that  has  advantages. 

Having  determined  what  is  to  be  done,  the  next  stage 
is  to  describe  this  by  plans  and  specifications.  Here  it  is 
desirable  to  define  what  should  be  included  in  specifications. 
The  essential  thing  is  that  they,  along  with  the  plans,  should 
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set  forth  clearly  and  fully  what  the  final  product  is  to  be, 
including  all  matters  of  finish,  strength,  durability,  etc. 
Generally  speaking  they  should  not  attempt  to  fix  the 
methods  by  which  these  results  are  to  be  attained. 

A  specification  never  attempts  to  direct  what  type  of 
hoisting  equipment  shall  be  used  to  set  a  unit  of  the  struc- 
ture, and  yet  it  may  devote  two  or  three  pages  to  a  detailed 
description  of  the  method  of  making  a  given  mix  of  con- 
crete, which  could  just  as  well  be  covered  by  a  statement 
of  the  strength  and  finish  required. 

There  are  several  traditional  phrases  or  clauses  often 
used  in  specifications  which  require  analysis  and  correction 
or  deletion. 

'■'To  the  approval  of  the  engineer"  may  be  a  reasonable 
requirement  when  it  is  applied  to  a  matter  of  taste  such  as 
the  shade  of  a  finishing  coat  of  paint  or  the  assortment  of 
bricks  of  varying  shades  in  a  wall.  It  is  not  reasonable 
when  applied  to  something  which  can  be  definitely  described 
and  the  variation  in  which  may  have  an  effect  on  the  cost 
of  the  work. 

"The  decision  of  the  engineer  shall  be  final."  Of 
course,  there  must  be  one  master  in  control  of  the  job, 
and  the  engineer  is  the  logical  man  for  that  responsibility. 
The  finality  of  his  decisions  should  control  procedure  dur- 
ing the  progress  of  the  work,  but  should  always  leave  open 
to  the  contractor  an  appeal  from  the  decision  after  com- 
pletion. Compliance  with  the  engineer's  decisions  during 
progress,  should  be  recognized  as  not  in  any  way  prejudic- 
ing the  contractor's  case  in  making  appeal  after  completion 
on  any  items  which  affect  his  costs  or  time. 

Another  point  to  consider  is  the  engineer's  responsibil- 
ity for  errors.  These  may  be  roughly  divided  into  three 
classes: — 

(o)    Errors  in  judgment. 

(b)  Errors  involving  changes  which  do  not  increase 
the  final  cost  beyond  what  it  would  have  been  if 
the  error  had  not  occurred. 

(c)  Plain  ordinary  mistakes,  due  to  carelessness  at 
some  stage  by  the  engineer,  and  resulting  in 
additional  cost  without  any  benefit  to  the  owner. 

For  the  first  class,  errors  of  judgment,  there  can  be 
no  financial  responsibility  held  against  the  engineer.  He 
has  presumably  given  the  best  of  which  he  is  capable. 
If  he  was  wrong,  he  will  suffer  in  his  reputation  and  by 
the  loss  of  future  commissions. 


For  the  second  class  there  is  usually  not  much  difficulty 
in  rectifying  the  trouble.  The  engineer  may  have  an  em- 
barrassing interview  with  the  owner  to  explain  matters,  and 
may  suffer  in  his  standing  with  the  owner,  but  that  is  the 
extent  of  the  damage. 

For  the  third  class,  errors  due  to  carelessness  which 
involve  additional  cost  to  the  owner,  my  own  conviction 
is  that  the  engineer  should  assume  the  responsibility  and 
pay  for  the  cost  involved.  However,  there  is  evidently  a 
wide  difference  of  opinion  on  this  matter  and  a  free  discus- 
sion might  help  to  clarify  the  position. 

Regarding  the  engineer's  relations  with  the  public  a 
few  words  might  be  said.  The  title  "engineer"  has  rather 
a  vague  significance  in  the  public  mind.  There  is  a  general 
knowledge  of  the  functions  of  the  doctor,  lawyer  or  ai-chitect, 
but  the  "engineer"  is  usually  visualized  either  as  a  man 
peering  through  a  little  telescope  on  a  tripod,  or  the  operator 
of  a  locomotive  or  steam  shovel.  The  designing  engineer 
is  little  known  and  little  thought  of  by  the  public  in  general. 

Possibly  the  public  mind  can  be  educated  by  connect- 
ing the  personality  of  the  engineer  more  directly  with  his 
work.  Every  important  work  should  carry  a  plate  giving 
the  names  of  those  chiefly  responsible  for  its  production. 
Every  description  of  an  important  structure,  whether  in 
news  paragraph,  technical  article  or  advertisement  should 
also  carry  those  names. 

If  the  engineers  themselves  work  persistently  for  these 
objects  I  am  confident  that  a  great  deal  can  be  accomplished. 

A  summary  of  some  of  the  chief  items  required  to 
improve  the  status  of  the  engineer  follows:— 

1.  Proper  qualification  by  aptitude,  training  and  ex- 
perience. 

2.  Co-operation  with  architect  and  contractor  in  de- 
sign and  execution  of  the  work. 

3.  Co-operation  between  the  representative  bodies  of 
the  engineers  and  architects  in  obtaining  adequate 
and  effective  legislation. 

4.  Co-operation  with  the  architects,  by  means  of 
periodic  discussions,  as  to  rules  of  practice,  division 
of  functions,  etc. 

5.  Recognition  of  the  true  responsibilities  to  owner 
and  contractor. 

6.  Education  of  the  public  by  persistent  publicity. 


The  Engineer  in  the  Public  Service 

G.  J.  Desbarats,  C.M.G.,  M.E.I.C., 

Ottawa,  Ontario. 

Paper  presented  at  the  General  Professional  Meeting  of  The  Engineering  Institute  of  Canada.  Toronto.  Ont., 

February  7th  and  8th,  1935 


The  engineers  who  come  under  the  above  heading 
comprise  that  large  and  growing  class  working  in  the 
various  branches  of  government.  They  may  be  divided 
into  three  groups: — 

A.  Those  employed  by  the  Dominion  government 

B.  Those  employed  by  the  various  provincial  govern- 
ments 

C.  Those  employed  by  the  governments  of  the  cities 
and  towns  and  the  smaller  municipalities  through- 
out the  country. 

The  term  government  will  be  used  to  cover  these  three 
classes  of  administration. 

To  these  should  be  added  the  engineer  officers  of  the 
defence  forces  who  work  under  different  conditions  and 
should  be  considered  separately. 

The  engineering  activities  of  these  governments  cover 
the  whole  field  of  engineering  and  practically  every  variety 


of  engineering  specialist  is  to  be  found  on  the  government 
staffs.  The  young  engineer  graduate  wishing  to  engage 
in  any  particular  branch  of  the  profession  can  find  an 
appropriate  office  in  one  of  the  government  administra- 
tions. 

Conditions  of  Employment 

The  conditions  under  which  engineers  are  appointed 
and  hold  positions  in  the  three  classes  of  public  service 
vary  greatly  but  one  feature  is  common  to  all  and  that 
is  the  continuing  nature  of  the  work  to  be  done.  The 
business  of  the  country  must  be  carried  on,  it  cannot  be 
interrupted.  This  business  tends  to  grow  and  expand;  in 
some  cases  this  is  due  to  the  growth  of  the  country  and  to 
new  services  which  are  required  to  meet  increase  of  popula- 
tion and  settlement;  sometimes  this  is  due  to  new  inventions 
as  was  the  case  with  radio  and  aviation,  in  both  these  cases 
the    Federal   government   took   over   an   infant   which   it 
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nursed  and  developed,  it  carried  on  trials  and  experiments 
which  private  enterprise  could  not  have  financed  and  from 
small  beginnings  sprang  two  important  government  serv- 
ices; in  other  cases  government  has  taken  over  services 
already  established  by  private  industry,  as  in  the  case  of 
the  Ontario  Hydro  Commission  where  the  government 
took  over  a  private  electrical  power  plant  and  built  up 
one  of  the  most  remarkable  publicly  owned  utilities  in  the 
world,  one  which  has  covered  Ontario  with  a  network  of 
power  lines,  and  supplies  current  to  its  customers  at  record 
low  rates. 

While  government  administrations  add  frequently  to 
their  activities  they  never  discontinue  work  which  has 
once  been  undertaken.  There  may  be  temporary  periods 
of  slackness  or  of  retrenchment,  but  once  having  put  its 
hand  to  the  plough  a  government  administration  cannot 
turn  back,  it  must  continue,  it  has  established  vested 
interests  which  insist  on  the  work  being  continued  and 
such  pressure  is  difficult  for  a  government  to  resist. 

The  young  engineer  entering  govei-nment  service  is 
therefore  justified  in  looking  forward  to  continued  em- 
ployment in  that  service,  he  hopes  for  promotion  in  due 
course  and  expects  that  new  activities  of  his  department 
will  furnish  him  opportunities  for  further  usefulness  and 
advancement. 

Dominion  Government:  In  the  Federal  government 
service  this  hope  for  security  of  employment  is  quite 
justified.  The  engineering  staff  of  the  Dominion  govern- 
ment is  under  The  Civil  Service  Act  and  subject  to  the 
terms  of  that  act.  The  first  Civil  Service  Act  of  1908 
exempted  engineers,  largely  at  their  own  request,  and 
when  the  1918  act  included  the  engineers  some  indignant 
protests  were  made,  it  being  contended  that  professional 
men  would  not  compete  for  appointments  or  submit  to 
examinations  and  that  it  would  not  be  possible  to  obtain 
the  best  men  or  even  well  qualified  men  under  a  system 
of  public  competition.  Experience  has  shown  that  these 
fears  were  groundless  and  excellent  results  have  followed 
the  application  of  this  act  to  the  engineering  staff.  The 
basic  principle  of  The  Civil  Service  Act  is  the  merit  system, 
the  principle  that  every  government  position  should  be 
given  to  the  best  qualified  man  available  irrespective  of 
his  political  affiliations,  that  promotions  should  go  to  the 
most  deserving  and  that  no  dismissals  should  be  made 
except  for  cause. 

The  Civil  Service  Commission  has  a  list  of  some 
eight  hundred  permanent  classified  engineering  positions 
on  the  establishment  of  the  Dominion  government  depart- 
ments and  appointment  to  these  positions  is  vested  in  the 
commission  and  is  required  to  be  made  without  political 
or  personal  bias  and  purely  on  merit. 

The  conditions  for  examinations  and  the  procedure 
for  appointment  to  the  engineering  staff  has  varied  from 
time  to  time.  Last  year  after  discussion  with  representatives 
of  The  Institute  and  of  the  Professional  Engineers  the 
commission  adopted  the  following  as  the  fundamental 
requirements  for  engineering  appointments  to  positions  of 
responsibility.  The  candidate  for  appointment  must  have 
"corporate  membership  in  The  Engineering  Institute  of 
Canada,  or  membership  in  a  Provincial  Association  of 
Professional  Engineers,  or  professional  qualifications  which 
would  permit  of  such  membership."  To  these  general 
qualifications  are  added  the  special  experience  or  knowledge 
needed  for  the  position  to  be  filled. 

Power  of  dismissal  exists  and  during  the  depression 
years  had  to  be  largely  exercised.  Reduction  of  staffs  took 
place  owing  to  the  general  financial  conditions  and  the 
decrease  in  parliamentary  appropriations,  owing  to  re- 
organization in  some  departments  and  to  transfer  of  certain 
activities  to  the  provinces.  The  hardships  incident  to  all 
these  reductions  were  mitigated  to  a  large  extent  by  the 


working  of  the  Superannuation  Act  which  provides  a 
pension  for  employees  with  ten  years  of  service.  A  certain 
discretion  was  given  to  the  chiefs  of  branches  in  the  choice 
of  dismissals  and  every  effort  was  made  to  minimize  the 
distress  caused  by  these  dismissals.  It  was  provided  that 
in  the  case  of  vacancies  which  had  to  be  filled  preference 
would  be  given  to  men  who  had  been  laid  off.  The  good 
results  attained  were  shown  in  the  records  of  the  Un- 
employment Committee  of  the  Ottawa  Branch  of  The 
Institute.  Although  the  membership  of  the  branch  is 
very  largely  composed  of  Dominion  government  em- 
ployees there  was  not  a  single  case  shown  of  an  ex-govern- 
ment-employee in  urgent  need  of  relief  and  only  three  or 
four  applied  for  employment.  The  unemployed  list  of  the 
Ottawa  Branch  was  made  up  mainly  of  engineers  who  had 
worked  with  commercial  companies. 

The  Superannuation  Act  for  Dominion  government 
employees  is  working  out  satisfactorily.  The  employees 
and  the  government  contribute  equally  to  it,  the  tax 
on  the  employee  being  5  per  cent  of  his  annual  salary. 
It  provides  for  an  annual  retirement  allowance  of  one- 
fiftieth  of  the  average  salary  for  the  last  ten  years  up  to 
a  maximum  of  thirty-five  fiftieths.  The  widow  will  draw 
half  as  much.  This  act  has  only  been  in  force  since  1924 
so  its  financial  results  have  not  yet  appeared,  but  the  fund 
at  present  shows  a  large  reserve. 

The  Dominion  government  has  built  up  a  strong 
engineering  service  in  its  different  departments.  The 
morale  is  good,  co-operation  between  different  branches 
is  assured  by  inter-departmental  committees  which  avoid 
duplication  of  effort.  The  men  of  many  years  of  service 
who  have  attained  experience  and  skill  are  attached  to  the 
service  and  retained  by  the  Superannuation  Act  so  that 
they  hesitate  to  accept  positions  in  commercial  life  though 
the  financial  conditions  attached  are  frequently  very 
attractive. 

Provincial  Governments:  Conditions  of  employment 
with  the  provincial  governments  are  not  as  satisfactory 
as  with  the  Dominion  government.  Civil  Service  Acts  in 
the  provinces  are  incomplete  or  lacking  and  do  not  provide 
for  the  employee  the  protection  extended  to  him  by  the 
Federal  Act. 

A  few  provinces  recognize  membership  in  their  Pro- 
fessional Association  as  qualification  for  appointment  and 
this  is  a  step  in  the  right  direction,  but  most  of  them 
have  no  definite  standard  for  appointment  and  promotions 
and  these  are  frequently  made  for  personal  or  political 
reasons  and  not  for  merit.  The  provinces  have  power  to 
legislate  in  social  service  matters  and  have  all  passed  acts 
providing  protection  for  various  classes  of  labour.  They 
have  generally  failed  to  apply  the  same  principles  to  their 
own  employees  and  have  left  them  exposed  to  the  hazards 
of  political  patronage. 

The  engineers  in  provincial  services  are  protected  to 
some  extent  by  the  fact  that  an  incoming  administration 
can  hardly  proceed  with  wholesale  dismissals  in  the  engi- 
neering staff  owing  to  the  difficulty  of  building  up  a  new 
technical  staff,  but  this  is  no  comfort  for  the  individual 
engineer  who  is  removed  for  political  reasons  or  to  make 
way  for  a  political  appointee.  Provision  for  superannua- 
tion in  provincial  service  is  generally  lacking  or  is  elementary 
and  does  not  provide  sufficient  definite  safeguards  in  the 
case  of  removal  or  old  age. 

Municipal  Governments:  In  Canadian  cities  party  pol- 
itics are  replaced  by  ward  politics.  Engineering  appoint- 
ments are  largely  determined  by  considerations  of  personal 
friendship  and  family  influence.  Promotions  and  increases 
of  salary  are  not  entirely  the  result  of  merit,  they  have  to 
be  voted  by  council  and  are  therefore  subject  to  wire 
pulling  and  all  kinds  of  local  influences.  On  the  other 
hand  municipal  engineers  are  seldom  dismissed  except  for 
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cause.  Once  an  engineer  has  been  in  office  for  several 
years  and  has  established  friendly  relations  with  the  con- 
trollers and  the  aldermen  his  position  is  reasonably  secure, 
but  he  needs  to  avoid  friction  with  the  members  of  council 
and  to  secure  their  goodwill. 

Superannuation  systems  are  generally  lacking  in  munic- 
ipalities, an  old  official  may  be  pensioned  but  only  as  a 
special  case,  it  needs  a  vote  of  council  and  is  therefore 
dependent  on  its  goodwill. 

In  the  large  cities  the  engineer  has  good  scope  for  his 
abilities  and  reasonable  chances  for  promotion.  In  the 
small  municipalities  there  are  fewer  opportunities  and  hope 
of  advancement  is  based  on  transfer  to  the  larger  town 
or  city. 

Standing  in  the  Community 

The  engineers  employed  by  Dominion  and  provincial 
governments  at  headquarters  suffer  from  lack  of  personal 
recognition  of  their  work,  most  of  their  work  is  anonymous; 
advertisements  calling  for  tenders  are  signed  by  the  secre- 
tary of  the  department,  the  contracts  are  signed  by  the 
minister.  The  engineer  who  designed  the  structure  very 
seldom  gets  any  recognition.  In  this  they  share  the  fate 
of  the  engineer  employed  by  a  large  corporation  whose 
work  is  credited  to  the  corporation.  There  are  a  few 
exceptions  to  this  rule;  the  Marine  Department  publishes 
charts  which,  following  the  practice  of  the  British  Ad- 
miralty, carry  not  only  the  name  of  the  chief  hydrographer 
but  also  the  name  of  the  chief  of  party  and  his  assistants 
who  made  the  survey;  the  Department  of  Mines  issues 
reports  signed  by  the  engineer  who  made  the  survey;  but 
as  a  rule  the  engineer  on  a  large  headquarters  staff  gets 
very  little  publicity  for  his  work,  his  recognition  only 
comes  from  his  inner  consciousness  and  the  regard  of  the 
small  circle  around  him. 

Notwithstanding  these  drawbacks  the  government 
headquarter  staffs  as  a  body  stand  well  with  the  public. 
In  Ottawa,  the  headquarters  of  the  Federal  Service,  its 
engineers  are  leaders  in  Civil  Service  councils.  The  Ottawa 
Branch  of  The  Institute  whose  members  are  largely  drawn 
from  the  service  sees  its  luncheon  addresses  attended  by 
members  of  the  Dominion  Cabinet,  Deputy  Ministers  of 
Departments  and  prominent  citizens,  its  meetings  are  well 
reported  in  the  local  press.  Outside  of  Ottawa,  super- 
intending and  district  engineers  of  the  Dominion  and 
provincial  governments  are  prominent  in  their  localities. 
As  representatives  of  the  central  authority  they  wield 
considerable  influence  and  in  their  dealings  with  con- 
tractors and  business  men  their  position  is  recognized. 

Government  engineers  have  occasionally  opportunities 
of  attending  international  gatherings  of  a  technical  or 
diplomatic  nature  as  representatives  of  their  government. 
They  may  even  take  a  part  in  negotiating  conventions  or 
treaties  with  other  countries.  At  these  meetings  the 
Canadian  representatives  profit  by  the  prestige  of  their 
country.  The  work  at  these  conferences  may  be  difficult 
and  entail  large  responsibilities  but  it  is  always  most 
interesting  and  cannot  fail  to  have  educational  value 
besides  reflecting  honour  on  the  delegates. 

In  municipal  administration  the  engineering  staff  have 
good  standing  on  the  list  of  corporation  employees.  The 
heads  of  the  various  engineering  sections  are  well  known 
in  the  community,  their  work  is  under  the  eye  of  the 
citizens  and  they  generally  enjoy  the  esteem  of  the  public. 
The  individual  members  of  the  staff  are  well  advertised, 
the  daily  press,  which  is  very  personal,  records  their 
professional  activities  and  each  one  is  well  known  to  the 
public  in  connection  with  his  work.  When  the  town  is 
under  the  engineer-manager  system  this  official  is  the  most 
prominent  member  of  the  administration. 

At  election  time  the  works  department  of  a  city  is 
generally  a  target  for  criticism  and  the  medium  of  attack 


on  the  civic  administration  but  the  engineers  are  seldom 
attacked  personally.  If  however  anything  goes  wrong  in 
any  of  the  public  works  of  a  city,  if  any  accident  occurs, 
the  press  and  the  public  are  liable  to  visit  their  displeasure 
on  the  engineering  staff  and  call  for  the  dismissal  of  the 
engineer  in  charge  of  that  branch.  A  man  with  an  un- 
blemished record  of  years  may  thus  lose  his  position  as 
the  result  of  public  clamour  over  an  accident  which  he 
could  not  control  with  ordinary  precautions.  The  same  is 
true  in  a  lesser  degree  in  Dominion  and  provincial  staffs. 
The  result  is  that  the  public  service  engineer  has  to  play 
safe  in  design,  construction  and  maintenance,  he  cannot 
afford  to  cut  as  close  as  his  colleague  in  commercial  practice; 
while  this  is  desirable  if  kept  within  limits  it  should  not  be 
stressed  unduly  as  it  leads  to  unnecessary  cost  and  ex- 
penditure of  public  funds. 

An  engineer  in  public  service  needs  to  be  something 
of  a  diplomat,  he  has  to  keep  on  good  terms  with  his 
numerous  employers,  the  Ministers  of  the  Crown,  Members 
of  Parliament  or  of  Legislature,  city  controllers  or  aldermen 
and  while  maintaining  friendly  relations  with  these  and 
other  influential  persons,  and  endeavouring  to  meet  their 
views,  the  engineer  must  have  as  his  first  object  the  carry- 
ing out  of  his  work  with  efficiency  and  to  the  best  of  his 
ability  and  must  not  allow  himself  to  be  diverted  from  the 
straight  path  by  considerations  of  party  politics  or  of 
personal  preference. 

Remuneration 

The  rates  of  pay  for  engineers  in  public  service  are  as 
a  rule  low.  In  1929  a  commission  headed  by  Mr.  E.  W. 
Beatty,  president  of  the  Canadian  Pacific  Railway,  in- 
vestigated the  salary  scale  of  the  Federal  Civil  Service. 
The  commission  recommended  substantial  increases  to  the 
rates  of  pay  of  the  engineers.  The  commission  found  that 
pay  given  to  juniors,  young  men  fresh  from  the  university 
with  little  or  no  practical  experience  was  fair  enough,  but 
the  pay  of  men  with  some  fifteen  or  twenty  years  of  service 
occupying  positions  of  responsibility  was  decidedly  in- 
adequate. The  pay  of  the  chiefs  was  low  and  this  affected 
the  rates  paid  to  all  the  intermediate  classes.  The  govern- 
ment seemed  to  concur  generally  with  the  report  of  the 
commission  and  was  disposed  to  favour  a  revision  of  rates 
of  pay.  Unfortunately  the  country's  finances  dropped  at 
that  time  and  no  action  was  taken,  but  when  the  depression 
has  passed  the  recommendations  of  the  Beatty  Commission 
may  be  considered. 

Salary  rates  in  provincial  governments  and  city 
administrations  are  guided  generally  by  the  Dominion 
government  rates  and  are  also  low.  They  are  not  as  a 
rule  so  well  defined  nor  do  they  provide  so  clearly  for 
periodical  increases.  They  are  much  more  dependent  on 
the  decision  of  the  minister  or  of  the  board  of  aldermen. 
This  lends  itself  to  political  influence,  to  wire  pulling  and 
to  the  exercise  of  political  patronage  which  is  a  detriment 
to  efficiency  in  the  service. 

It  is  this  political  patronage  which  is  the  chief  draw- 
back to  the  position  of  the  public  service  engineers.  While 
the  engineers  with  the  Dominion  government  are  protected 
from  patronage  in  their  appointments  and  salary  they  have 
to  deal  with  this  evil  in  their  handling  of  contracts  and 
work  by  day  labour.  The  contractors'  political  friends  are 
liable  to  bring  pressure  on  the  engineer  to  influence  his 
judgment  and  obtain  favoured  treatment  for  the  con- 
tractor. In  the  case  of  day  labour,  if  the  engineer  has 
any  control  of  the  hiring  and  dismissal  of  the  labour  force 
he  is  expected  to  see  that  friends  of  the  party  in  power 
are  given  preference  and  may  find  himself  in  trouble  if 
men  holding  opposite  views  are  placed  on  the  pay  list. 

Engineers  with  provincial  governments  and  municipal- 
ities suffer  from  these  troubles  to  an  even  greater  degree. 
The  conscientious  engineer,  striving  for  economy  and  effi- 
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ciency  has  often  great  difficulty  in  steering  a  course  which 
is  safe  as  well  as  straight. 

Recent  events  have  shown  that  the  positions  of  en- 
gineers in  some  provincial  administrations  are  held  subject 
to  political  considerations.  If  this  principle  is  admitted  it 
destroys  the  feature  of  continuity  which  is  advanced  as  a 
compensation  for  the  low  rates  of  pay  current  in  govern- 
ment positions. 

Engineers  of  the  Defence  Forces  of  Canada 

The  three  arms  of  the  defence  forces,  the  navy,  the 
army  and  the  air  force  carry  engineer  officers  trained  as 
specialists  in  their  own  particular  branches. 

The  permanent  forces  in  Canada  are  small  and  are 
maintained  mainly  for  the  training  of  the  non-permanent 
units  and  as  a  nucleus  which  could  be  expanded  in  time 
of  emergency. 

The  naval  engineers  specialize  as  marine  engineers. 
They  are  responsible  for  the  construction  and  maintenance 
of  the  naval  ships,  have  charge  of  the  repair  facilities  of 
the  navy  yards  at  Halifax  and  Esquimalt  and  of  the  engine 
rooms  of  war  vessels  and  act  as  consulting  engineers  to 
other  government  departments  on  questions  of  ship  con- 
struction and  repair. 

The  air  force  engineers  are  specialists  in  the  construc- 
tion of  aeroplanes  and  air  ships,  they  are  responsible  for 
the  inspection  and  maintenance  of  the  planes  of  the  air 
force  and  also  act  as  technical  officers  for  the  civil  aviation 
administration,  they  have  charge  of  the  air  repair  depot 
at  Ottawa  and  of  the  technical  equipment  of  the  air  force. 

The  engineers  of  the  army  permanent  force  are  listed 
in  the  Corps  of  Royal  Canadian  Engineers  who  are  the 
construction  engineers  and  the  Royal  Canadian  Corps  of 
Signals  which  is  the  electrical  section;  the  mechanical 
engineers,  who  are  few  in  numbers,  will  increase  with  the 
growing  mechanization  of  the  forces. 

The  typical  officer  of  the  Corps  of  Royal  Canadian 
Engineers  is  a  graduate  of  the  Royal  Military  College  and 
a  Bachelor  of  Applied  Science  of  one  of  the  universities, 
he  follows  a  course  of  one  year  at  the  School  of  Military 
Engineering  at  Chatham  and  may  be  attached  for  a 
period  to  the  Ordnance  Survey  in  England.  As  an  officer 
of  the  permanent  force  he  attends  Staff  College  courses  in 
England  and  qualifies  for  his  various  promotions.  He  is 
a  highly  trained  engineering  and  military  officer  with  his 
mind  broadened  by  study  abroad. 

His  main  occupation  as  a  military  officer  is  training 
the  non-permanent  engineering  units  in  military  procedure 
and  in  their  special  duties  in  time  of  w^ar.  He  must  also 
enlarge  his  knowledge  as  an  engineer  and  acquire  practical 
experience  in  design  and  construction  work. 

Unfortunately  his  opportunities  for  carrying  out  en- 
gineering work  are  very  limited.  The  practice  of  the 
Canadian  Corps  follows  the  example  of  the  Royal  Engi- 
neers in  England,  whose  only  activity  outside  of  care  of 
military  property  is  the  Ordnance  Survey  of  Great  Britain. 
The  Canadian  officer  may  serve  on  the  survey  staff  on 
topographical  survey;  or  as  a  district  engineer  officer  he 
will  have  charge  of  repairs  and  maintenance  of  armouries, 
barracks,  rifle  ranges,  fortifications,  ordnance  buildings  and 
occasionally  have  some  construction  of  military  works. 
Recently  the  Engineering  Corps  has  laid  out  and  super- 
vised the  work  carried  out  by  the  relief  camps  of  the 
Department  of  National  Defence  and  is  performing  a 
remarkably  good  job  of  work.  The  engineering  officer  has 
very  few  opportunities  of  carrying  out  any  important 
engineering  works,  his  engineering  faculties  lie  fallow  and 
the  country  receives  little  return  for  the  expense  of  his 
engineering  education. 

Various  methods  have  been  proposed  to  remedy  this 
undesirable  situation,    It  has  been  suggested  that  officers 


of  the  Engineering  Corps  should  be  seconded  for  a  few 
years  to  a  construction  department  of  government  or  to 
some  of  the  large  contracting  firms  of  the  country  to  give 
them  more  intimate  knowledge  of  construction  work  on 
large  and  difficult  undertakings  conducted  with  special 
attention  to  cost  and  time,  and  to  acquire  experience  of 
estimating  cost  of  work  under  competitive  conditions. 
While  it  has  not  been  found  practical  to  carry  out  these 
suggestions  it  may  be  possible  to  put  them  in  execution 
when  construction  revives  and  more  engineering  work  is 
available. 

The  officers  of  the  Corps  of  Signals  fare  better,  as  the 
Department  of  National  Defence  operates  through  them  a 
chain  of  radio  stations  through  the  Mackenzie  Valley  to 
Dawson  and  Aklavik.  They  also  installed  radio  beam 
stations  for  the  airways  across  the  prairies,  these  are 
dormant  but  may  be  revived  when  the  trans-Canada  air- 
ways become  operative. 

General 

In  this  paper  stress  has  been  laid  on  conditions  of 
Dominion  government  service  and  more  space  has  been 
given  to  this  service.  This  is  because  the  Dominion  govern- 
ment is  far  ahead  of  the  others  in  the  application  of  the 
merit  system  and  of  superannuation. 

It  is  probable  that  a  majority  of  Canadians  are  in 
favour  of  the  merit  system  in  government  service  but 
attacks  are  still  made  on  it  occasionally  by  parties  who 
wish  to  restore  political  patronage,  and  these  attacks  are 
most  to  be  feared  when  there  is  a  change  of  administration. 
The  present  conditions  of  unemployment  has  intensified 
the  demand  on  ministers  for  jobs  for  party  workers. 

There  is  unfortunately  no  national  organization  to 
bring  the  weight  of  public  opinion  to  bear  against  the 
pressure  of  political  job  hunters.  Several  efforts  to  organize 
a  public  service  reform  league  have  failed  and  such  a 
society  is  much  needed.  The  Ontario  government  minister 
who  recently  declared  that  he  considered  the  patronage 
system  the  curse  of  every  administration  in  the  country 
would  welcome  the  support  of  such  an  organization  to 
strengthen  his  hand  in  his  fight  against  the  patronage  evil. 
Engineers  should  take  a  part  in  promoting  this  movement 
and  in  urging  the  adoption  of  necessary  legislation. 

Provincial  governments  stand  to-day  in  their  civil 
service  methods  where  the  Dominion  government  stood 
some  twenty  years  ago.  They  lag  behind  in  the  applica- 
tion of  the  best  methods  of  building  up  an  efficient  staff 
for  the  administration  of  the  business  of  the  province  and 
therefore  cannot  attain  the  best  results.  Employees  who 
know  that  their  success  and  advancement  depend  entirely 
on  their  skill  and  application  are  keen  and  anxious  to  carry 
out  their  work  with  the  utmost  efficiency,  but  if  they  feel 
their  success  depends  more  on  political  favour  than  on 
professional  attainments  they  are  liable  to  become  in- 
different and  not  to  give  that  full  measure  of  their  ability 
to  which  a  good  employer  is  entitled.  Employees  who 
know  that  their  position  is  secure  and  that  when  their 
period  of  usefulness  is  over  there  will  be  a  pension  for  their 
declining  years  and  provision  for  their  family  have  minds 
free  from  care  and  are  able  to  concentrate  all  their  faculties 
on  their  professional  work. 

The  principle  of  superannuation  is  recognized  by  com- 
mercial companies.  The  banks,  the  railway  companies  and 
many  large  industrial  concerns  have  effective  pension 
schemes  in  operation.  The  Dominion  government  was 
early  in  the  field;  at  the  time  of  confederation  it  had  a 
superannuation  act  based  on  the  British  act.  The  act  has 
been  amended  from  time  to  time  and  the  present  act 
embodies  the  experience  gained  in  its  operation.  It  has 
proved  a  most  useful  help  to  good  administration. 

The  trend  of  modern  legislation  is  towards  old  age 
pensions,  unemployment  insurance,  minimum  wage  require- 
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ments  and  other  provisions  for  the  protection  of  employees. 
Governments  who  pass  this  legislation  should  set  a  good 
example  to  industry  and  provide  similar  protection  for  their 
staffs.  The  drawback  to  government  service  is  the  operation 
of  political  patronage.  This  has  been  fairly  well  eliminated 
from  Dominion  government  service  where  the  merit  system 
is  well  established.  In  provincial  and  municipal  govern- 
ments the  patronage  evil  still  prevails  and  until  it  is  elim- 
inated and  the  merit  system  adopted  efficient  administra- 
tion will  be  difficult. 

Government  service  docs  however  present  an  attractive 


career  for  the  engineer.  It  offers  great  variety  of  employ- 
ment, it  provides  good  scope  for  his  ability  and  enterprise; 
while  salaries  are  low,  continuity  of  employment  is  general, 
and  security  of  tenure  is  assured,  at  least  in  Dominion 
government  departments,  together  with  reasonable  retiring 
allowances. 

The  government  engineer  has  a  dignified  position  in 
the  community,  has  opportunity  for  improvement  and 
advancement,  has  the  satisfaction  of  taking  part  in  the 
administration  of  the  country  and  of  advancing  the  in- 
terests and  contributing  to  the  welfare  of  his  fellow  citizens. 


Simple  Graphical  Solution  for  Pressure  Rise  in  Pipes  and 

Pump  Discharge  Lines 

Robert  W.  Angus,  M.E.I.C.  ^ 

DISCUSSION 


A.  W.  F.  McQueen,  a.m.e.i.c.^ 

This  interesting  paper  has  made  available  not  only  a 
useful  tool  by  the  aid  of  which  the  solution  of  water  hammer 
problems  may  be  materially  expedited  but  also  an  elucida- 
tion of  the  work  of  Allievi. 

Water  hammer  phenomena,  thanks  to  the  researches 
of  Joukovsky  and  Allievi  and  to  many  others  who  have 
expanded  the  work  of  these  writers,  are  susceptible  of  def- 
inite analysis.  But,  in  practice,  conditions  are  usually 
anything  but  simple.  Pipes  are  branched  or  have  off-takes, 
they  vary  in  size  and  have  plates  of  different  thickness  at 
different  sections.  The  forces  producing  water  hammer  are 
also  seldom  of  a  uniform  nature.  All  of  which  makes  a 
computation  exceptionally  difficult  and  laborious.  Under 
conditions  such  as  these  a  graphical  solution  may  often 
have  decided  advantages  over  an  arithmetical  one. 

As  far  as  the  writer  can  discover  the  work  of  both 
Allievi  (as  translated  by  Halmos)  and  the  author  have  been 
predicated  on  a  horizontal  pipe.  In  an  earlier  paper  by 
Allievi,  the  ecjuation  H  —  Ho  =  F  +  f,  which  is  the 
author's  equation  (6),  was  developed  from  an  inclined  pipe 
and  is  given  &sH~Ho  =  F-\-f  —  x  sin  a  where  a  is  the 
angle  which  the  pipe  makes  with  the  horizontal.  The 
writer  would  like  to  inquire  if  the  graphical  method  of  the 
author  will  applj^  equally  well  in  this  case. 

In  the  section  headed  "Pump  Discharge  Lines"  where 
an  illustrative  problem  is  being  discussed,  the  author  makes 
the  statement  "It  is,  however,  unable  to  do  so  because  a 
perfect  vacuum  exists  at  A  15.2,  and  yet  there  is  a  velocity 
of  3.86  feet  per  second  toward  the  reservoir,  so  that  an 
empty  space  will  form  on  the  reservoir  side  of  the  valve  and 
the  pressure  will  remain  at  absolute  zero  during  the  whole 

of  this  3.8-second  interval ".     The  writer  wonders 

how  true  a  picture  this  is  of  the  phenomena  that  will  obtain 
for  the  conditions  assumed.  When  the  pressure  drops 
below  atmospheric  and  tends  towards  absolute  zero  it  seems 
that  the  condition  known  as  "cavitation"  will  take  place, 
i.e.,  the  minute  air  bubbles  always  present  in  any  but 
absolutely  pure  water  will  form  focal  points  for  the  forma- 
tion of  water  vapour  and  the  freeing  of  gases  contained  in 
the  water.  So  that,  instead  of  havhig  an  "empty  space" 
there  will  be  a  fluid  composed  of  water,  water  vapour  and 
gases  the  elastic  properties  of  which  will  be  sufficiently 
different  from  water  as  to  render  necessary  a  change  in  the 
physical  constants  employed. 

If  a  word  of  criticism  may  be  permitted,  it  is  to  be 
regretted  that  the  author  did  not  adhere  wholly  to  the 

1  Paper  presented  before  tPie  General  Professional  Meeting  of  The 
Institute,  'I'oronto,  I'Y'hruary  7th  and  8th,  1935,  and  published  in  the 
February  1935  issue  of  The  Journal. 

2  2250  Dawlish  Avenue,  Niagara  Falls,  Out. 


recommended  symbols  as  published  by  the  American 
Society  of  Mechanical  Engineers  in  their  Water  Hammer 
Symposium.  For  instance  the  Greek  letter  \l/,  for  the 
author's  G,  is  not  only  the  recommended  standard  of  the 
above  mentioned  body  but  has  been  used  by  Allievi  to 
designate  the  ratio  between  the  effective  variable  gate 
opening  and  the  area  of  the  pipe  throughout  his  work. 

S.  Logan  Kerr,  m.e.i.c.^ 

Professor  Angus  has  done  the  engineers  of  Canada  and 
the  United  States  a  great  service  in  presenting  at  this  time 
these  most  interesting  developments  in  the  solution  of  water 
hammer  problems.  The  general  concept  of  graphical  solu- 
tions was  set  forth  by  Professor  Allievi  in  his  classic  work 
on  this  subject.  Several  more  recent  studies  by  engineers 
in  Germany,  Switzerland  and  France  have  improved  upon 
the  technique,  and  have  forged  a  most  efficient  weapon 
with  which  to  attack  the  complexity  of  the  usual  water 
hammer  investigation. 

The  laborious  formulae  of  Allievi  and  others,  simplified 
by  Mr.  Norman  R.  Gibson  in  his  "arithmetic  integration 
method"  were  improved  upon  still  further  by  Mr.  Ray  S. 
Quick  in  his  paper  before  the  American  Society  of  Mechan- 
ical Engineers  in  1927*  and  have  been  the  bases  of  most 
water  hammer  studies.  The  simple  problems  which  in- 
volve only  a  uniform  conduit  and  a  uniform  rate  of  velocity 
extinction  can  be  solved  readily  as  far  as  the  maximum 
surge  is  concerned  by  using  one  of  the  charts  prepared  by 
Professor  Allievi  or  Mr.  Quick.  The  complex  problems 
that  must  take  into  consideration  the  shape  of  the  curve 
of  pressure  with  respect  to  time,  or  which  concern  conduits 
that  are  of  different  thicknesses,  materials  or  diameters, 
or  in  which  the  flow  is  cut  off  at  variable  rates,  these 
problems  require  long  calculations  and  much  time  and 
skill  in  their  solution. 

The  graphical  method  at  once  cuts  through  much  of 
this  cloud  of  detail  and  presents  an  elegant  solution  that 
is  simple  and  straightforward  in  its  application.  This  new 
tool  has  permitted  the  exact  solution  of  problems  involv- 
ing surge  chambers  and  air  reservoirs  which  could  only  be 
approximated  by  any  other  method. 

Still  further  work  has  been  done  in  the  amplification 
of  the  graphical  method  for  surge  problems  by  Dr.  Schnyder 
of  Switzerland  and  Professor  Bergeron  of  France.  Among 
others,  the  case  of  water  hammer  in  pump  discharge  con- 
duits has  been  brought  to  the  fore  by  the  use  of  motor 

'  Research  engineer,  I.  P.  Morris  Division,  Baldwin-Southwark 
Corporation,  Philadelphia,  Pa.;  Chairman  Committee  on  Water  Ham- 
mer, American  Society  of  Mechanical  Engineers. 

*  Comparison  and  Limitations  of  Various  Water  Hammer  Theories 
Hay  S.  Quick,  Mechanical  Engineering,  Mid  May,  1927. 
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driven  centrifugal  pumps  and  automatic  check  valves,  but 
even  this  most  involved  and  difficult  investigation  can  be 
simplified  greatly  by  the  use  of  the  graphical  method.  In 
the  recent  studies  which  the  writer  has  been  making  on 
the  application  of  surge  relief  devices  to  pump  discharge 
lines,  the  graphical  method  has  been  invaluable  in  reducing 
the  time  required  for  the  analysis,  and  in  avoiding  the  con- 
fusion that  might  easily  result  from  some  minor  error  in 
the  laborious  computations  by  the  "arithmetic  integration 
method." 

It  was  gratifying  to  find  that  Professor  Angus  has 
followed  with  few  exceptions  the  generally  accepted  symbols 
of  the  A.S.M.E.  Committee  on  Water  Hammer.  These 
were  prepared  for  the  Symposium  held  in  1933  in  an  en- 
deavour to  avoid  the  confusion  which  has  been  all  too 
prevalent  among  writers  on  this  subject.  It  seemed  as 
each  author  took  up  his  task  that  he  searched  out  new 
and  unused  symbols,  usually  drawing  quite  heavily  upon 
the  Greek  alphabet.  There  seemed  to  be  no  urge  for 
uniformity,  and  it  was  quite  difficult  for  the  ordinary 
engineer  to  compare  the  expressions  and  formulae  of  two 
or  more  authors  for  this  reason.  It  would  have,  perhaps, 
been  a  contribution  toward  standardization  if  Professor 
Angus  had  retained  Mr.  Gibson's  expression  for  the  index 
of  gate  opening  B  instead  of  introducing  a  new  symbol  G, 
and  the  nomenclature  of  Messrs.  Billings,  Dodkin,  Knapp 
and  Santos,  in  their  excellent  paper  on  "High 
Head  Penstock  Design"*  for  the  head  and 
velocity  ratio  seems  to  have  a  greater  signifi- 
cance by  using  hxi  and  Vxt  respectively  rather 
than  X  and  Y. 

The  graphical  method  offers  the  most 
convenient  method  for  investigating  the  im- 
portance of  the  initial  gate  or  velocity  con- 
dition from  which  closure  starts.  This 
question  was  emphasized  by  Allievi  in  one 
of  his  charts,  and  studied  by  Compte  de 
Sparre  in  France.  It  was  the  subject  of  many 
researches  by  Camichel,  Eydoux  and  Gariel  in 
their  work  on  water  hammer,  parts  of  which 
were  presented  in  English  by  the  writer 
recently. t  Too  much  emphasis  can  not  be 
placed  upon  this  phase  of  water  hammer, 
as  the  usual  calculation  deals  with  the  cutting 
off  of  maximum  flow,  while  the  most  danger- 
ous surge  can  generally  be  produced  by  cutting 
off  only  a  small  fraction  of  this  flow  at  a 
proportional  rate. 

In  the  problem  cited  by  Professor  Angus, 
in  Fig.  6,  the  writer  has  prepared  a  simplified 
chart  that  illustrates  the  surge  intensity  that 
would  result  from  cutting  off  fractional  flows 
in  proportional  times,  each  case  considering 
the  closures  from  some  partial  opening  to  zero. 
The  charts  (Fig.  14)  d,  e,  f,  show  the  surges 
resulting  from  the  closures  from  80  per  cent 
opening  to  zero  in  80  per  cent  of  the  time 
for  full  gate  closure,  60  per  cent  gate  opening 
to  zero  in  60  per  cent  of  time,  and  40  per 
cent  to  zero  in  40  per  cent  of  time  respectively. 
It  is  interesting  to  note  that  the  closure  from 
40  per  cent  gate  to  zero  is  made  in  exactly 
the  critical  period  of  the  pipe  line,  that  is 
2  l/a  seconds.  The  pressure  rise  is  far  greater 
than  would  be  the  case  for  full  gate  closure, 
and  thus  might  produce  a  very  dangerous 
condition,  particularly  in  cases  where  branch 
pipes  or  compound  conduits  are  encountered. 


In  considering  the  closures  from  greater  values  of  gate 
opening,  and  hence  greater  discharges  than  the  one  con- 
sidered by  Professor  Angus,  another  interesting  relation  is 
found,  namely,  that  greater  flows  can  be  cut  off  in  pro- 
portionally greater  times  without  increasing  the  maximum 
surge  by  any  significant  amount.  The  following  table 
gives  the  ressult  of  this  investigation. 

Table  I 


From 

From  C'harts 

Graphical  Method 

Percent 

Percent 

I'ereent 

Percent 

(Quantity 

Time 

Pressure  Rise 

Pressure  Rise 

a 

400 

400 

56.3 

.55.5 

h 

200 

200 

56.5 

56.6 

r 

100 

100 

61.9 

63.0 

d 

80 

80 

68.3 

67.5 

e 

60 

60 

76.0 

76.5 

f 

40 

40 

90.0 

no.o 

It  may  be  noted  that  the  maximum  surge  for  this 
conduit  is  nearly  50  per  cent  greater  than  the  apparent 
surge  based  on  Fig.  6  of  Professor  Angus'  paper. 

In  following  Professor  Angus'  exposition  of  the  graph- 
ical method,  attention  must  be  directed  toward  the  function 
p  or  iv  as  the  writer  prefers  to  call  it.  In  fixing  2p  as  the 
slope,  the  value  of  p  corresponding  to  the  value  of  v  at 
£■=  1.0  must  always  be  used,  hence,  the  slope  will  vary  with 
each  different  value  of  initial  flow. 


3,r    fo 


*  Am.  Soc.  Mech.  Engrs.,  Symposium  on  Water  Hammer,  1933. 
t  New  A.spects  of  Maximum  Pressure  Rise  in  Closed  Conduits, 
Am.  Soc.  Mech.  Engrs.,  Annual  Meeting,  1928. 


Fig.  14 
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In  other  studies  it  has  been  customary  to  use  the  value 
of  p  for  the  maximum  conditions,  and  use  a  constant  slope, 
and  adjust  the  value  of  X  or  ^  accordingly.  Great  care 
must  be  exercised  to  use  the  correct  values  of  these  ratios, 
or  serious  errors  will  result. 

In  conclusion,  the  writer  has  compared  the  results  of 
the  graphical  method  with  the  solutions  by  the  more  usual 
means  (Table  I)  and  has  found  in  every  case  that  the 
check  is  exceedingly  close.  This  is  not  surprising,  for  the 
basic  formulae  are  the  same  and  the  solutions,  therefore, 
should  be  the  same.  The  graphical  method  deserves  the 
careful  study  of  every  engineer  concerned  with  water  ham- 
mer problems,  and  while  it  is  a  longer  method  than  the 
solution  of  the  charts  for  uniformly  retarded  water  columns 
in  simple  conduits,  it  is  a  great  simplification  for  many  of 
the  more  involved  problems  encountered  in  actual  practice. 

The  activities  of  the  Water  Hammer  Committee  of  the 
American  Society  of  Mechanical  Engineers  are  being  con- 
tinued as  a  semi-permanent  committee  under  the  Hydraulic 
Division  of  that  Society.  A  second  Symposium  on  Water 
Hammer  is  being  planned  for  1936,  and  special  arrange- 
ments have  been  made  whereby  associate  members  have 
been  designated  from  certain  foreign  countries  to  assist  the 
A.S.M.E.  in  their  programme,  and  it  is  hoped  that  The 
Engineering  Institute  of  Canada  will  feel  free  to  co-operate 
with  this  work  so  that  two  members  of  their  Society  can 
be  designated  as  the  associate  members  of  the  Committee 
for  Canada. 

E.  B.  Strowger^ 

Professor  Angus  has  presented  the  graphical  method  of 
water  hammer  computation  in  a  manner  which  makes  it 
quite  simple,  and  the  numerous  applications  given  add  to 
the  usefulness  of  the  paper.  He  first  develops  the  pressure 
wave  curves  for  a  simple  pipe  by  referring  to  Joukovsky 
and  to  the  "arithmetic  integration"  method  of  computing, 
published  by  N.  R.  Gibson,  and  then  introduces  the  Allievi 
equations  by  considering  the  summation  of  the  upward 
travelling  direct  waves  and  the  downward  travelling  indirect 


s\ 


Fig.  15 

waves.  The  method  of  simultaneous  equations  is  then 
developed  and  the  graphical  method,  of  course,  follows. 
This  is  a  logical  method  of  development  and  it  is  interesting 
to  find  that  the  arithmetic  integration  computations  are 
used  in  developing  the  proper  concepts  of  the  problem.  The 
speaker  has  taken  exactly  the  same  method  in  analyzing 
the  five  Allievi  equations  given  in  Mr.  Halmos'  abstract  of 
the  1902  Allievi  paper  before  finally  deriving  them  by  a 
rigorous  method.* 

*  Buffiilo,  Niagara  and  Eastern  Power  Corporation,  Buffalo,  N.Y 


The  writer  wishes  to  call  attention  to  some  pioneering 
work  done  on  the  subject  which  may  have  been  overlooked 
since  it  was  not  published  as  a  complete  paper  in  itself.  In 
July  1926  F.  M.  Wood,  of  the  Civil  Engineering  Depart- 
ment of  McGill  University,  introduced  a  graphical  method 
in  his  discussion  of  the  A.S.M.E.  paperf  entitled  "Speed 
Changes  of  Hydraulic  Turbines  for  Sudden  Changes  of 
Load"  written  jointly  by  S.  L.  Kerr  and  the  writer. 
Wood's  method  is  based  upon  the  Gibson  equations  for 
water  hammer  which  have  been  shown  to  agree  exactly 


100 


10  30  aO  50  60  70 

Per    Cent  or  Normrl  Velocity,    100^ 


Fig.  16 


with  the  Allievi  equations.  Basically  Wood's  graphical 
method  is  identical  to  that  given  in  the  Angus  paper,  as 
may  be  seen  from  the  development  of  the  Wood  chart 
given  later  on.  About  the  same  time  that  Wood  published 
his  graphical  method  Mr.  H.  Kreitner  J  published  in  German 
an  account  of  the  graphical  method  based  upon  the  Allievi 
equations.  His  work  was  described  by  Loewy  in  the 
latter's  book  on  water  hammer,  to  which  Professor  Angus 
refers,  and  was  used  by  Professor  Bergeron  in  his  1931  paper 
and  by  Professor  Angus  in  the  paper  at  hand.  Both  Wood 
and  Kreitner  were,  to  the  writer's  knowledge,  the  origina- 
tors of  the  graphical  method  of  solution  and  deserve 
mention. 

Wood  has  taken  the  formulae  of  N.  R.  Gibson  and 
arranged  them  to  form  for  each  interval  two  simultaneous 
equations  which  lend  themselves  to  a  graphical  solution. 
These  are  for  the  first  interval 


Ho 


h  1        at'o 

Ho^  gHo 

for  the  second  interval 


\  I'o  f 


1} 

h 


N^+^: 


Vo 


Ih.  _  ^  (  ^     ^\     hi 

Ho  ~  gHo  \  Vo       Vo  )      Ho 


and  for  the  nth  interval 


Vo 

hn 


Vo 


(23) 
(24) 


hn    _     aVo   /  ^n-l    _    ^  \   _  ^n-1 

Ho  ~  gHo  \    Vo         Vo  )       Ho 


*  See  discussion  No.  5  A.S.M.E.  Symposium  on  Water  Hammer, 
page  133. 

t  Trans.  A.S.M.E.  Vol.  48,  page  243. 

t  Drucksphwankungen  in  Turbinenrohrleitungen,  Die  Wasser- 
wirkschaft,  1926,  No.  10. 
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where  the  symbols  used  correspond  to  those  of  Professor 
Angus.  The  first  of  the  two  simultaneous  equations  when 
plotted  gives  a  family  of  parabolic  curves  and  the  second 
a  family  of  straight  lines.  Referring  to  Fig.  15  the  point  C, 
the  intersection  of  the  first  line  with  the  first  parabola 
gives  the  head  and  velocity  values  at  the  end  of  the  first 

interval.     A  line  drawn  through  C  with  a  slope  of  -j^ 

grlo 
intersects  the  axis  at  D.  A  line  drawn  through  D  parallel 
to  BC  represents  the  straight  lino  for  the  second  interval, 
etc.    It  should  be  noted  that  the  distance  AE  on  the  7  axis 

is  equal  to   —fj-    or  2  p,  this   being  the  Y  intercept  of  the 
gno 

straight  line  equation  for  the  first  interval  considering  the 

origin  of  coordinates  to  be  at  A.     The  point  D  may  be 

located,  without  drawing  the  line  CD,  by  laying  off  FD 

equal  to  BF  and  then  drawing  the  line  through  D  parallel 

to  CB. 

The  quantity  G  may  be  determined  from  the  relation 
between  gate  opening  and  velocity  for  the  particular 
device,  such  as  the  turbine,  under  consideration.  This 
relationship  is  usually  assumed  to  be  a  straight  line  but  it 
may  be  based  upon  one  of  the  characteristic  curves  of  the 
turbine.  Figure  16  gives  the  Wood  chart  for  the  example 
given  by  the  author  in  his  Fig.  6.  Uniform  variation  of 
velocity  with  respect  to  gate  opening  is  assumed.  The 
result  is  seen  to  be  identical  to  that  given  by  the  author 

It  should  be  noted  that  by  substituting  (/;„  +  Ho)  for 
Hn,  equation  (24)  given  above  may  readily  be  derived  from 


Fer  Cent  or  NoRMfiu  Velocity,  \OQ-rp- 

Fig.  17 

equation  8  of  the  paper,  showing  that  the  chart  given  by 
Professor  Angus  is  essentially  the  same  as  that  given  by 
Wood. 

Figure  17  presents  a  general  chart  which  the  writer 
has  used  for  facilitating  the  graphical  determination  of 
pressure  rise  or  pressure  drop  problems  in  connection  with 
the  usual  hydroelectric  turbine  installation.    By  drawing  on 


the  chart  light  lines  with  the  proper  slope  and  intersecting 
with  the  proper  set  of  parabolas,  interpolated  if  necessary 
between  the  ones  given,  the  pressure  curve  can  be  obtained. 
This  chart  was  made  for  general  application  and  can  be  used 
with  any  gate  discharge  characteristic  obtaining  with  a 
particular  type  of  runner.  The  chart  has  been  extended 
below  the  point  of  normal  head  to  cover  the  field  of  pressure 

drop  and  curves  for   —  ( 1  +  tf"  )  have  been  included  to  facili- 

^  I'O  V  no/ 

tate  speed  rise  computations.  For  this  purpose  the  values 
of  this  product  adjusted  for  part  gate  efficiency  determine 
the  horsepower  input  to  the  turbine  at  the  end  of  each 
interval  and  thus  when  integrated  over  the  time  of  gate 
closure  give  the  energy  producing  excess  speed  in  the 
rotating  parts  of  the  turbine  and  generator. 

These  charts  for  solving  the  water  hammer  problem 
involving  the  simple  type  of  hydroelectric  layout  are  shown 
here  primarily  for  the  purpose  of  calling  attention  to  the 
origin  of  the  graphical  method.  Professor  Angus  has  suc- 
ceeded in  extending  the  application  of  the  method  beyond 
the  simple  case  to  many  problems  which,  without  the  chart 
method,  would  be  very  intricate,  and  in  so  doing  he  has 
added  considerably  to  the  simplification  of  this  subject. 

F.  M.  Wood,  a.m. e. i.e.* 

This  paper  in  its  application  of  graphical  methods  to 
the  study  of  pressure  rise  problems  is  of  distinct  value  to 
the  hydraulic  engineer.  The  study  of  resonance  conditions 
in  particular,  is  greatly  simplified,  and  evidently  there  are 
many  other  allied  problems  to  which  the  method  may  be 
applied. 

An  article  entitled  "Speed  Changes  of  Hydraulic  Tur- 
bines for  Sudden  Change  of  I>oad"  by  Mr.  E.  B.  Strowger 
and  Mr.  Logan  Kerr,  w^as  presented  before  the  American 
Society  of  Mechanical  Engineers  at  their  spring  meeting 
in  1926.  In  a  discussion  of  this  paper  the  writer  developed 
a  similar  graphical  method  for  the  solution  of  the  pressure 
rise  equation.  The  method  was  applied  particularly  to 
speed  changes  in  hydraulic  turbines,  but  the  fundamental 
nature  of  the  charts  is  the  same  in  both  cases.  This  agree- 
ment is  necessarily  due  to  the  fact  that  both  are  the  graph- 
ical equivalents  of  the  same  algebraic  equations. 

The  accuracy  of  the  graphical  method  is  dependent  on 
the  correct  position  of  the  intersecting  lines,  and  on  the 
correct  determination  of  points  of  intersection.  In  cases 
where  the  quantity  p  is  large,  great  accuracy  is  not  to  be 
expected.  This,  however,  should  not  deter  one  from  the 
use  of  this  method  when  one  considers  its  simplicity, 
clarity  and  rapidity. 

F.  Knapp^ 

The  author  is  to  be  commended  for  his  effort  to  bring 
the  graphical  method  of  determining  pressure  rises  to  the 
attention  of  a  greater  circle  of  engineers.  However,  it 
would  have  been  better  if  he  had  adopted  the  symbols  for 
water  hammer  formulae  recommended  by  the  A.S.M.E. 
Committee  on  Water  Hammer. 

A  reader  without  detailed  knowledge  of  the  surge 
theory  would  be  inclined  to  consider  Dr.  Schnyder's  ap- 
proximate method  of  taking  friction  into  account,  as  shown 
by  Fig.  13,  to  be  of  the  same  degree  of  accuracy  as  the 
simultaneous  or  conjugated  equations  13  and  16.  This  is 
not  the  case. 

The  method  of  taking  friction  into  account  as  shown  by 
Figs.  11  and  13  assumes  that  the  friction  losses  are  con- 
centrated at  the  intake.    A  closer  study  of  the  Y-X  diagram 


'  Assistant  Professor  of  Civil  Engineering  and  Applied  Mechanics, 
Engineering  Building,   McGill  University,   Montreal. 

*  Assistant:  hydraulic  engineer.  The  Sao  Paulo  Tramway  Light 
and  Power  Company  Ltd.,  Sao  Paulo,  Brazil. 
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indicates  that  this  method  over-estimates  the  influence  of 
head  losses.  This  view  is  confirmed  by  tests.  More 
accurate  results  are  obtained  by  assuming  that  only  a 
certain  percentage  of  the  friction  loss  is  concentrated  at 
the  intake.  This  percentage  is  not  constant,  but  varies 
with  time  of  closure  and  characteristics  of  the  pipeline  and 
so  must  be  estimated  in  each  case.  A  computer  without 
actual  experience  and  not  guided  by  test  results  most 
likely  will  not  make  the  correct  assumption.  Reliable 
results  may  be  obtained  independently  of  such  assump- 
tions, if  the  total  friction  loss  is  divided  into  parts  and  each 
part  assumed  as  concentrated  at  several  intermediate  sec- 
tions of  the  line.  The  necessary  changes  in  the  Y-X 
diagram  are  apparent  and  need  not  be  discussed  here. 
It  may  be  mentioned,  however,  that  the  paper  would  have 
gained  in  clearness  by  emphasizing  the  "end-conditions," 
e.g.,  the  pressure  and  velocity  conditions  at  the  two  ends 
of  a  pipe  section  with  constant  characteristics.  This 
notion  of  end  conditions,  together  with  combined  sets  of 
equations  similar  to  equations  13  and  16,  permits  extending 
the  graphical  method  to  more  complicated  cases  as,  for 
example,  bifurcated  pipelines.  The  present  status  of  the 
water  hammer  theory  permits  pressure  rises  in  complicated 
water  works  distribution  systems  to  be  computed  with  but 
little  effort.  Actual  practice  has  shown,  that  from  the 
point  of  view  of  decreasing  the  magnitude  of  surges,  and 
hence  increasing  safety  of  operation,  the  design  of  such 
systems  may  be  improved. 

The  question  of  the  influence  of  head  losses  as  far  as 
water  hammer  is  concerned,  might  appear  to  be  of  academic 
interest  only  inasmuch  as  it  scarcely  needs  to  be  considered 
for  the  computation  of  ordinary  surges  in  turbine  penstocks. 
But  as  soon  as  exceptional  or  emergency  conditions  are 
considered,  neglect  of  this  influence  may  lead  to  entirely 
incorrect  results.  In  such  cases,  the  question  becomes  of 
outstanding  economical  importance. 

The  author  discusses  the  surge  problem  from  the  fol- 
lowing point  of  view:  "What  is  the  maximum  surge  in  a 
penstock  of  known  characteristics  caused  by  an  assumed 
gate  movement  ?"  From  the  point  of  view  of  the  designer, 
however,  the  important  question  is:  "What  should  be  the 
characteristics  of  a  pipeline  designed  to  resist  an  assumed 
accidental  surge  condition  with  minimum  annual  total 
charges  ?"  The  exact  meaning  of  this  question  will  become 
clear  from  the  following. 

In  the  paper  "High  Head  Penstock  Design"  by  A.  W.  K. 
Billings,  0.  H.  Dodkin,  F.  Knapp  and  A.  Santos  Jr.,  a 
turbine  penstock  with  diameters  increasing  towards  the 
powerhouse  was  proposed.  The  characteristics  of  this 
design  were  such  that  at  the  changes  of  diameters  the 
"transmission-coefficient"  was  equal  to  unity.  Compared 
with  a  penstock  tapered  in  the  usual  way,  the  suggested 
"inverse  taper"  design  promised  considerable  savings. 
However,  the  comparison  is  incomplete  to  the  extent  that 
friction  losses  were  neglected  and  also  because  the  diameters 
and  lengths  of  each  section  of  the  "orthodox  taper"  design 
adopted  as  a  basis  had  been  arbitrarily  selected.  Of  course, 
the  two  designs  had  equal  friction  losses  for  the  weighted 
average  discharge  and  were  also  designed  for  exactly  the 
same  exceptional  or  emergency  condition. 

Maximum  pressure  rise 
in  the    third    positive      Difference 
interval  in  percent  of  in 

Joukovsky's  surge  percent 

Neglecting  friction HI  +19.7 

Test  result* 93  0 

With  100  per  cent  of  friction  con- 
centrated at  intake 74  —19.1 

Ditto  with  50  per  cent 85  -7.9 

Friction    concentrated    in    five 

sections  of  penstock 93  0 

*  Courtesy  of  Mr.  H.  L.  Doolittle,  Chief  Designing  Engineer, 
Southern  California  Edison  Power  Co. 


The  preceding  table  of  nearly  instantaneous  pressure 
rises  for  a  two-diameter  penstock,  tapered  in  the  usual  way 
and  in  which  the  head  loss  amounts  to  only  0.45  per  cent  of 
the  static  head,  shows  the  influence  of  friction  in  such  an 
exceptional  case. 

Thus  under  certain  conditions  the  maximum  pressure 
rises  in  an  orthodox  taper  penstock  are  not  far  greater,  or 
may  even  be  smaller  than  the  absolute  minimum  Jou- 
kovsky  surge. 

For  this  reason  the  conditions  which  would  cause 
minimum  pressure  rises  under  very  quick  closure  were 
investigated,  and  it  was  found  that  equal  reflection  times 
and  equal  transmission  coefficients  were  necessary  require- 
ments. The  table  below  compares  the  maximum  water 
hammer  in  an  orthodox  taper  three-diameter  penstock, 
having  equal  reflection  times  computed  without  taking 
friction  losses  into  account. 


Transmission 

Maximum  surge  in  percent 

Coefficient 

cf  .Jo 

ukovsky's  surge 

1.0 

100 

0.98 

144 

0.96 

162  (absolute  maximum 

0.90 

153 

0.80 

141 

0.70 

132 

0.50 

119 

0.25 

107 

0 

100 

As  already  stated,  friction  losses  reduce  these  maximum 
surges  to  a  greater  or  lesser  extent,  depending  on  conditions. 
For  example,  with  friction  losses  amounting  to  2  per  cent  of 
the  static  head  and  with  a  transmission  coefficient  of  0.80, 
the  maximum  surge  is  equal  to  the  Joukovsky  value  and 
the  rise  in  the  third  positive  interval  attains  only  a  value  of 
96,  instead  of  141  per  cent  without  friction. 

Thus,  it  is  seen  that  instead  of  the  inverse  taper  pen- 
stock with  its  several  disadvantages,  a  pipeline  with  the 
usual  taper  and  judiciously  chosen  characteristics,  may  be 
designed  to  resist  more  economically  any  accidental  water 
hammer. 

In  this  connection  it  is  interesting  to  refer  to  the  test 
results  published  in  the  paper  already  mentioned  and 
which  showed  maximum  surges  of  172  per  cent  of  the 
Joukovsky  valuef.  The  good  agreement  between  test  and 
computation  obtained  without  taking  into  account  the 
head  losses  is  due  to  the  fact  that  the  tests  were  carried  out 
on  a  full-size  penstock,  shutting  off  exceedingly  small  water 
quantities. 

It  is  unlikely  that  modern  and  properly  designed 
governors  will  be  so  carelessly  adjusted  as  to  hunt  in  such  a 
way  as  to  cause  the  gate  movements  shown  in  Fig.  10. 
Cases  are  known  where,  due  to  lack  of  maintenance,  the 
linkage  system  of  double  governors  with  needle  and  de- 
flector, had  so  much  play  as  to  cause  hunting  movements, 
which  were,  however,  of  far  smaller  magnitude  than  those 
shown  in  this  figure. 

Experience  has  shown  that  resonance  between  load 
variations  and  the  natural  pressure  oscillations  in  the  pen- 
stock may  produce  surges  which  are  considerably  greater 
than  those  caused  by  shutting  off  the  unit.  In  the  Spuller- 
see  high  head  plant  of  the  Austrian  Federal  Railways  reso- 
nant surge  action  was  repeatedly  observed  which  resulted 
in  water  hammer  of  about  300  per  cent  of  that  caused  by 
closing  the  turbine  normally.  Gate  movements  as  shown  by 
Fig.  9  may  be  produced  by  hand  operation  but  never  by  a 
governor  under  automatic  control. 

Some  remarks  as  to  the  historical  development  of  the 
method  discussed  by  the  author  may  be  of  interest.  The 
basis  of  this  graphical  method  was  first  developed  by  Mr. 
F.  M.  Wood  of  McGill  University,  Montreal,  although 
he  did  not  recognize  the  fuU  importance  and  the  pos- 

t  See  Symposium  on  Water  Hammer,  page  58,  figure  8. 
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sibility  of  extension  of  his  method.  In  1928,  Dr.  Loewy  of 
Vienna,  Austria,  independently  developed  the  same  method, 
which  is,  however,  only  applicable  for  the  computation  of 
pressure  rises  at  the  gate.  Loewy's  proposal  for  computa- 
tion of  surges  at  intermediate  sections  of  a  simple  penstock 
is  erroneous.  The  first  published  account  of  the  method 
as  discussed  by  the  author  together  with  the  important 
simultaneous  equations  appeared  in  1932  by  Dr.  Schnyder 
of  Klus,  Switzerland,  and  is  the  basis  for  a  general  graphical 
method  for  computation  of  water  hammer  not  only  in  simple, 
but  also  complex  and  compound  conduits  with  end-con- 
ditions determined  by  reaction  or  Pelton  turbines,  pumps, 
reservoirs,  surge  tanks  or  valves  at  intermediate  sections. 

A.  Santos,  Jr.'' 

The  author's  paper  consists  of  the  presentation  of  part 
of  the  existing  knowledge  of  water  hammer.  It  does  not 
add  to  our  knowledge  of  the  subject,  as  no  new  problems  are 
solved  and  no  new  methods  are  introduced.  Notwith- 
standing, it  has  commendable  features,  one  of  which  is  the 
clarity  imparted  by  the  several  numerical  examples. 

Regarding  Allievi's  writings  on  the  subject  of  water 
hammer,  the  author  did  not  make  it  sufficiently  clear  that 
Halmos  translated  into  English  only  "Allievi's  Additional 
Notes,"  but  not  his  original  paper. 

There  is  room  for  considerable  divergence  of  opinion 
as  to  whether  the  Notes  contain  too  much  mathematics. 
Neglecting  the  abstract  of  Allievi's  original  paper,  which 
precedes  the  Notes  and  which  contains  certain  partial  dif- 
ferential equations  from  hydrodynamics,  the  rest  of  the 
work  involves  only  the  use  of  algebra.  Perhaps  the  reason 
why  Allievi's  writings  are  not  much  read  by  engineers  is  to 
be  found  in  the  fact  that  his  conclusions,  formulae  and  dia- 
grams lack  general  applicability,  inasmuch  as  they  are  all 
based  on  the  assumptions  of  uniform  diameter  and  thickness 
of  the  pipes.  Most  of  them  are  also  based  on  the  further 
assumption  of  linear  closure  of  the  gates.  These  conditions 
hardly  ever  obtain  in  actual  commercial  installations. 

With  respect  to  the  paper  by  Miss  O.  Simin,  cited  by 
the  author,  it  is  to  be  noted  that  "it  involves  no  original 
research"  on  water  hammer,  and  is  "merely  a  compilation  of 
existing  information  respecting  this  subject,  including 
especially  a  digest  of  the  notable  work  of  Professor  N. 
Joukovsky,  at  Moscow.  . ." 

From  Fig.  5  of  the  author's  paper  it  is  not  clear  how 
to  determine  the  starting  point  of  the  inclined  lines  repre- 
senting equations  (20)  and  (21).  If  friction  is  neglected 
these  lines  always  start  from  the  intersection  of  the  horizon- 
tal line  F  =  1  with  the  parabola  representing  the  gate 
opening  at  the  beginning  of  the  disturbance  or  gate  motion. 

Of  course  the  conditions  assumed  for  the  interesting 
example  shown  in  Fig.  9  could  never  be  observed  in  a 
hydraulic  turbine  installation  under  automatic  governor 
control.  In  such  a  practical  case  the  generating  unit  would 
be  synchronized,  with  the  valve  at  the  "speed-no-load" 
position,  before  any  further  opening  of  the  valve  could  take 
place.  In  commercial  installations  a  valve  can  be  made  to 
go  from  the  fully  closed  to  the  fully  open  position  and  then 
closed  again  entirely,  only  if  this  be  deliberately  done  by 
hand. 

The  method  shown  in  Fig.  11  for  solving  surge  tank 
problems  is  instructive  but  lacks  somewhat  in  accuracy, 
owing  to  the  assumption  of  friction  losses  totally  concen- 
trated at  the  intake.  Further,  the  smallness  of  the  angles 
of  intersection  of  the  lines  is  not  conducive  to  precision. 
Surge  tank  problems  of  this  kind  can  be  more  expeditiously 
and  more  accurately  solved  by  the  diagrams  given  by 
Calame  and  Gaden  in  their  book  "Theorie  des  Chambres 
d'Equihbre." 

'  Assistant  hydraulic  engineer,  The  Sao  Faulo  Tramway  Light 
and  Power  Company  Ltd.,  Sao  Paulo,  Brazil. 


J.  B.  Macphail,  a.m.e.i.c' 

The  author,  in  the  second  paragraph  of  his  paper,  is 
properly  enthusiastic  about  the  work  of  Allievi,  but  appears 
to  be  unfamiliar  with  an  excellent  historical  account  by 
Professor  R.  Neeser,  of  the  University  of  Lausanne,  which 
is  sufficiently  authoritative  to  warrant  some  correction  of, 
and  addition  to,  that  paragraph. 

In  1903  Allievi  published  a  monograph,  not  a  book,  in 
Italian:  and  in  1904  he  published  a  French  translation  of  it 
in  the  Revue  de  M^canique.  A  German  translation  was 
published  by  Dubs  and  Bataillard  in  1909. 

This  monograph,  as  Allievi  himself  has  said,  was  merely 
the  mathematical  tool  and  not  the  theory,  but  in  1913  he 
published  in  Italian  his  "Theory  of  Water  Hammer, 
Notes  I  to  V." 

A  French  translation  of  Notes  I  and  II,  together  with 
a  summary  of  the  original  monograph  and  a  preface  con- 
taining a  good  historical  account  of  the  subject  and  an 
appreciation  of  the  work  of  Allievi  was  presented  by  Neeser 
in  the  Revue  de  M^canique  in  1914,  but  publication  of  the 
subsequent  notes  was  stopped  by  the  war.  In  1921  Daniel 
Gaden  republished  in  French  in  Paris  in  book  form  this 
work  of  Neeser,  adding  thereto  his  own  translation  of 
Notes  III,  IV  and  V.  The  foregoing  information  comes 
from  this  French  text.  The  English  book  prepared  by 
Mr.  Halmos  in  1925  contains  a  translation  of  Notes  I  to  V 
and  a  translation  of  Neeser's  summary  of  the  original 
monograph,  together  with  a  part  only  of  the  Neeser  preface. 

Quoting  this  preface,  the  oscillatory  character  of  water 
hammer  had  been  recognized  long  before  then  by  M.  J. 
Michaud  in  1878,  among  others,  as  being  due  to  the  elas- 
ticity of  the  conduit  and  the  compressibility  of  the  water; 
but  "all  the  authors  who  preceded  Allievi  believed  this 
influence  could  be  introduced  in  the  calculations  by  sup- 
posing the  elasticity  of  the  walls  and  of  the  liquid  to  be  con- 
centrated, so  to  speak,  at  a  determinate  point  of  the  conduit 
in  the  form  of  an  elastic  reservoir  of  suitable  capacity." 
Accordingly  Allievi  "disregarding  the  paths  broken  by  his 
predecessors .  .  .  commenced  by  systematically  and  volun- 
tarily ignoring  all  that  had  been  done  before."  This  seems 
to  be  a  great  deal  more  than  having  merely  "simplified  the 
work  previously  done"  according  to  Professor  Angus. 

It  is  agreed  that  Joukovsky  made  extensive  exper- 
iments in  Moscow  in  1898,  but  only  in  the  limited  field  of 
valve  closures  which  were  practically  instantaneous;  and 
that  he  established  the  relation  that  the  maximum  pressure 
rise  following  such  a  closure  is  avo/g,  which  incidentally  is 
not  quite  equation  (1). 

Does  not  the  author  then  do  him  too  much  honour  in 
attributing  to  him  the  place  of  having  "established  the 
general  theory  and  certain  fundamental  equations"  of  the 
complicated  problem  defined  in  the  first  paragraph  of  the 
paper  ? 

Figure  1  shows  a  conduit  having  a  portion  of  its  length 
inclined,  and  a  warning  should  be  given  that  page  X  of  the 
Halmos  translation  supposes  the  conduit  to  be  horizontal. 
True,  some  of  the  equations  can  be  applied  to  inclined  pipes, 
but  others,  particularly  those  dealing  with  head-ratios, 
cannot. 

The  notation  is  not  consistent.  For  example,  the 
symbol  H  is  defined  as  the  head  close  to  the  gate,  whereas 
in  equations  (6)  and  (7)  it  is  correctly  used  for  the  head  at  a 
distance  x  from  the  gate,  in  a  transcription  of  equations  V 
on  page  IX  of  Halmos.  In  equation  (8)  however,  which  is  a 
transcription  of  equations  (6)  on  page  6  of  Halmos,  the 
symbol  //„  must  refer  to  the  gate.  Also  the  suffix  A  is  de- 
fined as  applying  to  the  gate,  whereas  in  Fig.  3  it  applies  to 
some  other  place.     Again,  in  the  development  beginning 

*  Power  Engineering  Company  Ltd.,  Montreal. 
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with  equation  (12)  there  are  several  cases  where  i/xt  i  and 
similar  symbols  are  used,  whereas  Haii,  is  actually  meant. 
Also  there  are  four  different  equations  with  the  number 
(20),  and  several  other  cases  of  duplication.  For  clearness, 
equations  (18)  might  perhaps  have  been  given  the  numbers 
(17)  because  they  come  from  equation  (13).  Equations  (17) 
would  then  bear  the  numbers  (18)  because  they  come  from 
equation  (16),  and  they  also  refer  to  the  reflected  wave. 
Fig.  4b.  The  subscript  t  at  first  refers  to  the  larger  of  two 
times  and  a  little  later  to  the  lesser.  A 
warning  might  be  added,  to  the  paragraph 
following  equations  (17)  and  (18),  that  the 
equations  can  not  be  used  to  get  the  waves 
past  the  section  where  the  pipe  character- 
istic changes,  because  certain  wave  reflec- 
tions occur  at  this  section. 

These  difficulties  of  notation  are  not 
very  serious,  but  they  obscure  the  argu- 
ment in  a  difficult  subject;  and  delay  the 
reader  because  it  usually  takes  a  little 
time,  first  to  decide  that  some  notation  is 
wrong  and  then  to  infer  what  the  author 
meant  to  say. 

However,  once  past  these  troubles,  the  method  seems 
very  attractive,  particularly  because  of  the  speed  with 
which  it  can  be  applied.  A  full  understanding  of  the  prin- 
ciples, and  of  the  difficulties  involved  can  be  obtained  only 
by  working  through  a  number  of  examples.  Some  question 
may  be  raised  about  the  accuracy  obtainable,  but  it  can  be 
answered  by  remarking  that  the  method  is  probably  better 
than  the  knowledge  of  the  physical  data  requires.  And  at 
the  worst  it  will  be  useful  in  indicating  what  maximum  con- 
ditions should  be  examined  in  more  detail. 

Concerning  the  surge  tank  problem,  something  might 
properly  have  been  done  to  show  why  equation  (8)  is 
applicable  to  circumstances  so  different  from  those  for 
which  it  was  derived.  It  will  further  be  recalled  that  the 
customary  differential  equations  for  designing  surge  tanks 
give  very  satisfactory  results,  though  their  derivation 
involves  assumptions  from  which  can  be  derived  a  value  of 
a  =  CO.    There  is  good  reason  for  believing  that  the  value 


see  if  there  is  some  approach  to  a  limit,  and  to  compare  that 
limit  with  the  result  given  by  Jakobsen's  rapid  method  of 
arithmetic  integration. 

Dr.  0.  Schnyder' 

Professor  Angus  has  developed  a  graphical  method  for 
the  determination  of  water  hammer  pressures  in  pipe  lines 
and  has  demonstrated,  by  means  of  very  interesting  exam- 
ples, the  breadth  of  its  application. 


Fig.  18 

of  a  should  enter  surge  tank  calculations,  but  the  equations 
should  be  such  that  substitution  of  the  value  a  =  co  leads  to 
determinate  results  which,  in  many  cases,  have  been  very 
satisfactorily  confirmed  by  tests.  The  terms  containing  o 
would  be  expected  to  be  of  relatively  small  order,  and 
neglecting  them  might  be  considered  to  involve  the  same 
errors  as  in  those  cases  where  second  differentials  are  prop- 
erly discarded.  It  would  be  interesting  to  test  equation 
(8)  with  three  different  values  of  a  in  some  simple  case  to 


Fig.  19 — Water  Hammer  at  Surge  Tank  for  Instantaneous  Gate  Closure. 

The  advantage  of  the  graphical  method  lies  in  the 
fact  that  it  is  possible  to  establish,  without  much  additional 
work,  the  pressure  conditions  at  any  point  in  a  pipe  line. 
Furthermore,  this  method  gives  full  information  as  to  the 
changes  of  velocity  that  occur.  This  is  of  great  importance, 
and  as  one  example  the  case  of  the  closing  devices  on  pipe 
lines  may  be  mentioned.  These  devices  are  used  to  protect 
pipes  which  are  endangered  by  an  extremely  large  flow  of 
water  due  to  accidental  failure  of  the  pipe;  they  go  into 
operation  as  soon  as  the  pipe  velocity  exceeds  that  cor- 
responding to  maximum  demand  for  power  or  other  normal 
service.  The  pressure-velocity  diagram  shows  when  the 
velocity  exceeds  the  normal  value  at  the  inlet  end,  due  to 
sudden  load  demand,  and  the  flow  may  be  further  aug- 
mented by  the  opening  of  the  relief  valves,  caused  by 
resonant  movement  of  the  turbine  gates.  The  extent  of 
this  increase  is  important  in  the  regulation  of  the  above 
mentioned  closing  devices  if  they  are  not  to  produce  bad 
conditions  on  the  pipe  and  if  the  danger  of  an  undesirable 
rate  of  closure  is  to  be  avoided. 

Moreover,  the  knowledge  of  the  dynamical  variations 
of  the  velocity  is  desirable  in  the  case  of  a  pressure  pipe  line 
protected  by  a  differential  velocity  device,  i.e.,  by  a  mech- 
anism which  measures  the  mass  of  water  at  the  inlet  and 
outlet  of  the  pipe  line,  and  which  effects  the  closure  of  the 
inlet  gate  if  a  certain  difference  exists. 

The  author  has  also  given  us  an  original  presentation 
of  the  conditions  in  a  surge  tank,  and  for  such  a  study  the 
graphical  method  is  an  excellent  one,  and  its  possibilities 
of  application  are  very  large. 

The  writer  wishes  to  enlarge  further  on  this  case  and 
will  limit  his  consideration  to  a  surge  tank  of  uniform  area, 
as  shown  in  Fig.  18,  consideration  being  given  to  the  con- 
ditions in  the  tank  resulting  from  water  hammer  following 
quickly  after  the  operation  of  the  gate. 

For  the  point  B  the  following  relations  are  true 

YBa  =  YBb  =  Ybc  =  Yb    (25) 

Xbc  =  Xbq  +  Xsb (26) 

Yah  =  2  po  (XBat  —  Xah)  (27) 

Yct3  =  —  2  pc  {Xbci  —  Xciz)   (28) 


agam 
and 


YBal 
YbcI 

adding  (27)  and  (28)  gives 
1      .      1 


Ybi 


2    Pa         2 


Yah 

Pc  f  2    Pa 

=  —  Xbu 


)- 


Yciz 
2  Pc 

Xaii 


+  Xc*3....(29) 


'  Soci^td  des  Usines  de  Louis  de  Roll,  Klus,  Switzerland. 
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Fig.  20— Water  Hammer  at  Surge  Tank  for  Straight  Line  Gate  Closure. 


This  equation  gives  a  relation  between  Yb  and  Xsb  since  the 
values  of  Fxn,  Ycts,  Xah  and  Xcts  are  known  from  other 
considerations. 

The  equation  evidently  represents  the  hydraulic 
condition  for  the  surge  tank  at  B  and  is  therefore  of  funda- 
mental importance  for  the  study  of  events  in  the  surge 
tank.  On  the  graphical  diagram,  this  equation  is  rep- 
resented by  a  series  of  straight  lines  and  the  latter  may 
easily  be  related  to  the  water  hammer  lines  corresponding 
to  equations  (27)  and  (28)  by  subtracting  the  values  of 
Xbo  from  Xbc  at  the  same  value  of  the  ordinate,  as  shown 
by  equation  (25) 

XBb  =  Xbc  —  Xbg 

Equation  (29)  represents  a  series  of  "limit  lines"  which 

are  straight  and  parallel  and  spaced  to  suit  the  time  interval, 

and  their  application  to  selected  cases  will  now  be  made. 

(1)     Sudden  closure  of  the  gate  at  A.     In  this  case, 

3  I 
if    t  <  — -    the  values  are    Xcis  =  1  ;     Ycts 


0' 


Xah  =  0 
so  that  (29)  gives 


and     Yah  =  2  pa* 


YBi={2-XBu)(^^^\ 
\  Po  +   Pc  / 


,        ,    (30) 

Pa  -r  Pc  z 

this  equation  being  represented  on  Fig.  19  by  the  straight 

line  Z. 


X^-J^c^o 


Fig.  21— Water  Hammer  Effect  at   Surge  Tank   due   to   Gate 

2/6 

Swinging  Continually,  Each  Swing  Taking  —  sec. 

The  water  hammer  lines  for  the  surge  tank  will  have 
the  equations 

Ybi  -  YDt2  =  2  p6  {Xbu  -  XDt2)  for  (g) 

and 

Yoi  -  Ybu  =   -  2  pb  {Xot  -  Xbu)  for  (i) 

At  the  time  t  <—  if  no  account  is  taken  of  the  change 
—  aa 
of  water  level.  Yd  =  0*  and  Xdu  =  0  and  this  locates  the 

*See  author's  closure — page  273. 


first  line  g  and  the  point  <S  gives  the  water  hammer  at  B  in 
the  tank.  The  impacts  die  away  periodically  or  aperiodic- 
ally,  according  to  the  value  of 

2  Pa  Pe 
Pa  +   Pc 

as  shown  in  Fig.  19  (a)  and  (5). 

(2)  Linear  valve  closure.     If  gate   closure  is  at  uniform 

rate,  often  referred  to  as  straight  line  closure,  the  results 

will  be  as  shown  on  Fig.  20  (a)  and  (6).     In  this  type  of 

2  7 
closure,  and  taking  the  time  interval  as   t  =  — ^  the  "limit 

lines"  Z  are  equally  spaced,  and  as  this  spacing  is  easily 
determined,  it  will  not  be  discussed  further. 

The  relative  slopes  of  the  "limit  lines"  and  water 
hammer  lines  determine  whether  the  pressures  are  aper- 
iodic as  in  Fig.  20  (a)  or  periodic  as  in  Fig.  20  (b). 

(3)  Rhythmic  movements  of  the  gate  with  a  time  of  oscillation 

This  case  is  shown  in  Fig.  21,  the  lines  Zi  and  Zi 
representing  in  alternate  order  the  conditions  at  the  base  of 
the  tank,  and  to  these  the  water  hammer  lines  have  been 
drawn  as  shown.  If  the  water  hammer  lines  have  a  smaller 
slope  than  the  "limit  lines"  the  pressure  oscillations  will 
increase  up  to  a  certain  value  vlc»,  but  for  the  opposite  case 
these  oscillations  die  away. 

The  graphical  method  is  applicable  not  only  to  pipe 
lines  with  surge  tanks,  but  also  for  any  branched  piping 
system.  Unfortunately,  lack  of  space  prevents  the  dis- 
cussion of  this  matter. 

M.  Barry  Watson,  a.m.e.i.c.^" 

The  author  has  stated  that  the  variations  of  pressure 
could  be  found  for  any  particular  point  on  the  pipe  desired. 
Does  the  maximum  pressure  always  occur  at  the  gate,  or 
might  it  be  at  some  other  point  further  up  ?  If  so,  does 
this  method  lend  itself  to  a  determination  of  that  point,  so 
that  the  pipe  designer  may  calculate  the  allowable  thick- 
nesses of  pipe. 

E.  W.  Dill,  s.e.i.c.i» 

In  view  of  the  reference  Mr.  Kerr  has  made  as  to  the 
variation  in  pressure  changes  due  to  thickness  of  pipe, 
would  the  author  say  whether  the  elasticity  of  the  pipe 
material  comes  into  this  question  at  all  ?  That  is,  if  all 
steel  or  concrete. 

Professor  R.  W.  Angus,  m.e.i.c.^^ 

The  nature  of  the  discussion  shows  that  the  paper  has 
dealt  with  a  subject  of  live  interest,  and  the  author  thanks 
all  those  who  have  presented  constructive  criticism. 

'"  Consulting  Engineer,  Toronto,  Ontario. 
11  British  American  Oil  Refineries  Limited,  Toronto,  Ont. 
"  Head  of  Department  of  Mechanical  Engineering,  University  of 
Toronto,  Toronto,  Ont. 
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Most  of  the  comments  on  the  symbols  used  are  very 
just;  the  author  tried  to  use  the  A.S.M.E.  symbols  as  far 
as  possible,  but  in  order  to  shorten  the  paper,  he  referred 
to  a  problem  given  in  a  text-book  written  in  1930,  and 
thought  it  would  simplify  the  matter  to  use  the  symbols 
there.  He  did,  however,  use  AUievi's  p  in  place  of  the  K 
recommended,  because  the  latter  letter  is  so  commonly 
used  for  such  a  variety  of  constants.  It  might  have  been 
better  to  have  kept  more  closely  to  the  A.S.M.E.  recom- 
mendation. 

The  general  statements  of  the  paper  are  true  for 
sloping  and  horizontal  pipes,  although  the  interpretation  of 
the  results  should  be  made  with  care.  The  solution  gives 
the  ratios  H/Ho  for  the  pressures  where  H  is  the  total  head, 
i.e.  the  sum  of  the  elevation  and  the  pressure  head  above  a 
datum  through  the  nozzle.  The  actual  static  pressure  in 
the  pipe  at  any  point  Z  feet  vertically  above  the  gate  is 
Hq  —  Z  and  the  pressure  there  when  water  hammer  occurs 
isH  -  Z. 

Mr.  McQueen  suggests  that  the  pump  problem,  Fig. 
12,  might  be  affected  by  cavitation  and  the  presence  of 
water  vapour  and  air.  No  doubt  water  vapour  and  a  little 
air  do  exist  in  the  cavity  on  the  reservoir  side  of  the  valve, 
and  this  would  modify  the  water  hammer,  but  the  effect 
.should  be  small  because  of  the  extremely  low  pressure  of 
the  vapour;  cavitation  could  scarcely  take  place  in  any 
marked  way. 

The  author  agrees  with  Mr.  Kerr  in  practically  all  of 
his  discussion  and  commends  him  for  the  information 
brought  out  in  his  Table  I.  By  repeatedly  calling  attention 
to  the  effects  of  closure  from  part  gate,  he  is  giving  a  warning 
as  to  pressure  rises  that  might  not  have  been  expected. 
The  N  on  Mr.  Kerr's  figures  refers  to  the  number  of  inter- 
vals of  2  l/a  sec.  required  for  closure.  Mr.  Kerr's  point  as 
to  the  method  of  computing  p  is  well  taken,  and  his  figures 
show,  what  the  author  omitted  to  say,  that  the  pressure 
ratio  at  the  gate  for  instantaneous  closure  is  the  value  of 
H/Hq  where  a  sloping  line  at  angle  with  tangent  —  2  p 
through  Ao  (such  as  AqAiq  Fig.  6)  intersects  the  axis  of 
H/Ho. 

In  the  discussions  by  Professor  Wood,  Mr.  Strowger 
and  Mr.  Knapp,  reference  has  been  made  to  an  article 
which  was  not  known  to  the  author  till  after  he  had  actually 
read  his  paper.  Undoubtedly,  Professor  Wood  described 
the  principle  of  intersecting  parabolas  and  lines  on  which 
the  paper  is  founded,  but  it  can  fairly  be  inferred  that  he  did 
not  realize  the  general  application  of  the  method,  or  he 
would  have  explained  further  uses  of  it  in  the  nine  years 
since  his  discussion  first  appeared.  The  author  regrets, 
however,  not  having  given  Professor  Wood  credit  for  the 
work  he  did. 

The  broad  application  of  Professor  Wood's  work,  as 
described  by  Mr.  Strowger,  does  not  seem  to  be  justified. 
Undoubtedly,  equation  (8)  would  fit  certain  parts  of  the 
author's  paper,  as  Mr.  Strowger  has  shown  in  Figs.  15  and 
16,  but  in  Fig.  16  the  author's  Fig.  6  has  been  redrawn  and 
the  notation  of  equation  (8)  applied  to  it.  All  of  the  writers 
consulted  on  the  subject  have  developed  the  graphical 
construction  from  equations  (6)  and  (7),  and  this  is  essen- 
tial, because  the  use  of  equation  (8)  is  limited  to  points  at 
the  ends  of  the  pipe,  whereas  the  others  are  not.  The  com- 
plete construction  given  in  the  paper  could  not  have  been 
developed  from  equation  (8),  but  on  the  other  hand,  the 
author  has  shown  how  this  equation  fits  such  a  case  as  the 
surge  tank,  Fig.  11,  where  the  ends  alone  are  considered; 
but  equations  (6)  and  (7)  are  very  much  simpler  in  this  case 
also.  The  example,  however,  shows  that  both  methods 
agree. 

The  author  may  perhaps  be  pardoned  for  quoting  from 
a  letter  he  received  from  Mr.  Strowger:  "I  think  you  have 
made  a  distinct  contribution  to  the  engineering  profession 


in  giving  such  a  complete  analysis  of  so  many  special 
problems   involving   water   hammer." 

It  may  be  remarked  that  Bergeron's  solution,  while 
giving  the  same  results  as  in  the  paper,  is  slightly  different 
to  that  used,  and  does  not  appear  to  be  quite  so  easy  to 
work  out.  Referring  to  Fig.  6,  Bergeron  omits  all  lines 
sloping  parallel  to  Ai.e  C2.4  ;  he  finds  the  image  of  .A  1,6  with 
reference  to  the  axis  of  X  and  then  draws  C2.4  ^13.2  through 
this  image,  and  so  on. 

The  limitations  of  the  constructions  of  Figs.  11  and  13 
are  ably  described  by  Mr.  Knapp,  who  is  himself  expert 
in  the  use  of  the  construction  described.  The  author  ap- 
preciates the  caution  with  reference  to  the  correction  for 
friction  and  agrees  with  it;  he  cannot,  however,  see  that  it 
makes  any  great  difference  in  the  problem  of  Fig.  11  as  to 
the  distribution  of  the  friction,  since  only  the  ends  of  the 
pipe  are  being  considered.     His  comments  on  Figs.  9  and 

10  are  correct,  but  the  author  never  meant  to  suggest  that 
a  governor  would  give  the  results  dealt  with  in  these  two 
cases.  The  paper  was  prepared  to  bring  before  English 
speaking  engineers  a  graphical  construction  used  abroad 
for  water  hammer,  and  to  show  how  general  it  is  by  means 
of  a  wide  variety  of  illustrations.  As  the  cuts  are  naturally 
much  reduced,  conditions  had  to  be  assumed  that  would  leave 
the  illustrations  clear,  and  that  was  done  in  these  figures 
and  in  Fig.  12  as  well. 

The  author  also  found  that  Loewy's  construction  was 
incorrect  for  intermediate  points  on  a  pipe,  but  is  correct 
for  end  points. 

Mr.  Santos  states  that  the  author's  paper  does  not  add 
to  our  (meaning  probably  his  own)  knowledge  of  the 
subject,  as  no  new  problems  are  solved,  and  he  reminds  one 
of  the  sage  who  said  that  "there  is  nothing  new  under  the 
sun."  The  author's  "conclusion"  makes  his  position  clear, 
and  Mr.  Santos'  remark  would  have  been  much  em- 
phasized if  he  had  said  where  one  could  see  these  problems 
dealt  with,  as  the  author  does  not  know.  Further,  in 
reply  to  Mr.  Santos,  the  first  sentence  in  the  third  paragraph 
of  the  paper  expresses  a  statement  made  to  the  author  many 
times  by  engineers  who  find  AUievi's  charts  useful,  in  spite 
of  their  limitations,  and  the  author  points  out  that  no 
difficulty  of  a  mathematical  kind  does  exist  beyond  the 
hydrodynamic  equations.  The  arithmetical  illustration 
was  inserted  to  remove  this  difficulty. 

With  the  limitations  as  to  the  effect  of  friction.  Fig. 

1 1  gives  a  very  accurate  and  quick  way  of  solving  the  surge 
tank  problems.  All  intersections  are  made  by  lines  very 
nearly  at  right  angles,  and  the  acute  angles  between  the 
sloping  lines  do  not  determine  such  points.  The  author 
checked  its  accuracy  with  the  arithmetic  integration 
method  and  found  it  most  satisfactory.  One  might  criti- 
cize the  fact  that  each  step  has  to  be  made  for  2  l/a  second 
intervals,  whereas  the  time  intervals  for  integration  may, 
in  some  cases,  be  made  very  much  longer. 

The  author  knew  the  general  historical  facts  men- 
tioned by  Mr.  Macphail,  and  some  of  them  are  in  the 
Halmos  translation,  but  felt  that  he  could  not  enlarge  upon 
them  as  he  wished,  and  therefore,  wrote  his  own  introduc- 
tion and  has  no  regrets  regarding  it.  He  has  a  great 
respect  for  the  work  of  AUievi  and  of  Joukovsky,  and  the 
evidence  is  that  the  modern  water  hammer  theory  is  due  to 
them.  It  looks  like  quibbling  when  one  is  criticized  for 
calling  a  publication,  the  German  translation  of  which 
occupies  155  printed  pages,  a  book,  even  though  Mr. 
Halmos  calls  it  a  paper  and  also  a  monograph.  The  trans- 
lation by  Mr.  Halmos  of  Notes  I  to  V  occupies  132  printed 
pages  and  45  full  page  cuts  and  also  looks  like  a  book. 

Nothing  is  to  be  gained  by  answering  Mr.  Macphail's 
statement  that  the  notation  is  not  consistent.  He  has 
omitted  parts  of  the  author's  definitions  of  certain  terms, 
such  as  H,  to  prove  his  points,  and  some  of  his  criticism 
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is  of  little  help  to  the  engineer  trying  to  understand  the 
paper.  Anyone  wishing  help  from  the  paper  would  not 
waste  his  time  trying  to  show  that  "some  notation  is  wrong 
and  then  to  infer  what  the  author  meant  to  say";  he  would 
read  what  the  author  did  say  and  would  have  no  trouble. 
The  author  is  still  trying  to  find  out  what  Mr.  Macphail 
"meant  to  say"  in  his  last  paragraph.  The  notation  is  as 
perfect  as  the  nature  of  the  subject  permits. 

To  Dr.  O.  Schnyder  the  author  is  again  indebted  and 
it  is  hoped  that  some  time  he  will  put  all  his  solutions  of 
problems  together  in  printed  form  so  that  they  will  be 
readily  available,  because  his  ingenuity  has  enabled  him  to 
use  the  graphical  construction  for  some  very  difficult 
cases.  His  discussion  here,  on  the  surge  tank,  provides  a 
decided  addition  to  the  paper,  as  he  has  solved  a  much 
broader  problem  than  the  author  did.  The  author  only 
dealt  with  the  conduit  carrying  water  from  the  forebay  to 
the  surge  tank  and  assumed  the  turbine  to  be  very  close 
to  the  tank,  while  Dr.  Schnyder  has  taken  into  account  also 
the  effect  of  a  long  penstock  from  the  tank  to  the  turbine, 
and  used  an  elegant  solution  simple  in  application.  His 
exposition  requires  no  further  comment. 

Dr.  Schnyder   appears  to   have   made   a  mistake  in 

3  I 
equation  (30).    Where  t  <  — ■"  the  values  of  X  are  cor- 

dd 

rectly  stated  but  the  values  of  Y  should  be  Yets  =  1  and 


Yah  =  1  +  2  Pa  and  by  substituting  in  equation  (29)  the 
left  hand  member  of  equation  (30)  should  read  Yst  —  1; 
although  the  right  hand  member  of  equation  (30)  and  the 
construction  of  Fig.  19  are  correct. 

Also  at  the  time  t  <  —  the  value  of  Yo  should  be 

unity  and  not  zero. 

Several  persons  have  referred  to  the  accuracy  of  the 
graphical  solution,  but  there  need  be  no  anxiety  on  that 
score.  The  ordinary  solutions  are  fully  as  accurate  as 
arithmetic  integrations  made  with  a  10-inch  slide  rule,  and 
greater  accuracy  may  be  obtained  by  enlarging  the  drawing 
and  changing  the  relative  scales  till  the  intersecting  angles 
are  not  much  below  45  degrees.  The  author  has  found 
that  mechanical  schemes  which  enable  the  lines  to  be  drawn 
parallel  quickly  are  a  great  help,  but  these  need  not  be 
mentioned. 

In  answer  to  a  question  raised  by  Mr.  M.  B.  Watson, 
A.M.E.i.c,  at  the  meeting,  the  author  stated  that  the 
maximum  pressure  rise  occurs  at  the  gate,  and  the  con- 
struction shows  how  to  find  the  pressure  rise  at  any  point 
on  the  pipe.  The  author  also  replied  to  E.  W.  Dill,  s.E.i.c, 
that  the  wave  velocity  a  depends  on  the  material  of  the  pipe 
as  well  as  on  its  diameter  and  thickness.  A  formula  showing 
the  relationship  of  the  quantities  is  derived  in  the  author's 
text,  reference  (3)  of  the  paper. 
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The  Structure  of  the  Engineering  Profession 

To-day  one  of  the  major  difficulties  in  the  successful 
operation  of  any  engineering  society  or  institution  having 
to  do  with  engineering  education  arises  from  the  innu- 
merable special  branches  into  which  engineering  work  is 
dividing  itself.  The  resulting  complexity  is  so  bewildering 
that  it  is  often  hard  to  see  the  lines,  if  there  are  any,  which 
divide  the  engineer  from  the  physicist,  the  chemist  or  the 
mathematician  on  the  one  hand,  and  the  technician,  the 
industrialist  or  the  business  man  on  the  other. 

The  profession  or  calling  of  the  engineer  is  frequently 
looked  upon  as  being  essentially  similar  in  structure  to 
that  of  the  architect,  lawyer  or  medical  man.  The  analogy, 
however,  should  not  be  carried  too  far,  for  none  of  these 
professions  has  both  the  highly  developed  system  of  special- 
ization and  the  general  limitation  of  the  practitioner's  work 
by  commercial  or  economic  considerations  which  exist  in 
the  case  of  engineering  work. 

An  engineer's  work  must  be  based  on  his  knowledge 
of  fundamental  scientific  principles,  but  he  must  also  take 
account  of  the  information  gained  by  experience  in  con- 
struction or  manufacture,  and  his  labours  should  ultimately 
lead  to  the  production  of  something  that  can  be  beneficially 
operated  or  profitably  sold.  This  requirement  makes  his 
work  largely  dependent  on  the  exigencies  of  industrial  life 
and  enterprise,  to  an  extent  which  does  not  exist  in  other 
professions. 

Thus  the  profession  of  engineering  is  one  which  can- 
not be  easily  studied  or  classified,  although  such  study 
is  evidently  necessary  before  any  answer  can  be  given  to 
the  question  "what  is  the  engineering  profession  ?" 

Addresses  and  papers  such  as  those  on  the  Status  of 
The  Engineer  which  appear  elsewhere  in  this  issue  are 
evidence  of  the  live  interest  which  members  of  The  Institute 
are  taking  in  questions  affecting  the  profession  as  a  whole. 
These  articles,  however,  deal  with  such  topics  as  the 
engineer's  concern  with  public  affairs,  the  opportunities 
existing  for  him  in  industry,  the  consultant's  relations 
with  client  and  contractor,  and  the  conditions  of  his  em- 


ployment in  the  public  service.  Studies  of  a  somewhat 
different  kind  are  necessary  if  a  survey  is  to  be  made  of 
the  many  technical  branches  which  constitute  the  profession. 

Classification,  we  are  told,  is  the  collection,  under  a 
common  name,  of  a  number  of  objects  which  are  alike  in 
one  or  more  respects.  When  engineers  are  the  "objects" 
considered,  it  is  perhaps  easier  to  find  the  respects  in 
which  they  differ  than  the  characteristics  which  they  have 
in  common.  It  is,  therefore,  not  surprising  that  so  little 
progress  has  been  made  in  defining  clearly  the  various 
classes  under  which  professional  engineers  may  be  ranged, 
or  even  in  deciding  upon  a  satisfactory  definition  of  what 
constitutes  a  professional  engineer. 

It  seems  evident  that  a  general  classification  of  en- 
gineering occupations  must  be  made  before  those  which 
are  professional  in  character  can  be  named,  but  on  attempt- 
ing such  a  task  it  is  at  once  found  that  confusion  arises 
between  a  man's  professional  title,  the  nature  of  his  occu- 
pation and  the  designation  of  his  official  position,  all  of 
which  are  freely  used  in  replies  to  enquiries  as  to  a  man's 
career.  The  question  may  arise,  for  example,  as  to  whether 
an  "assistant  city  engineer"  is  to  be  classed  as  a  "highway 
engineer,"  or  under  what  branch  of  engineering,  if  any, 
should  we  place  a  man  who  calls  himself  a  filtration  en- 
gineer, or  a  sound  recording  engineer. 

Further,  classification  of  some  kind  is  necessary  if 
engineers  are  to  be  licensed  or  registered,  and  at  first  sight 
the  astonishing  list  of  titles  used  by  engineers  or  would-be 
engineers  makes  the  task  almost  impossible. 

Educational  authorities  have  difficulty  in  framing  their 
courses.  They  are  confronted  by  such  questions  as,  what 
is  an  acoustical  engineer,  what  should  he  be  able  to  do, 
and  what  course  of  training  is  desirable  for  him  ?  Speciali- 
zation has  made  headway  even  as  regards  the  main  divisions 
of  engineering  work,  and  some  specialized  sections  which 
have  arisen  have  attained  almost  to  the  dignity  of  the 
time-honoured  civil,  mechanical,  electrical  and  mining 
branches  of  engineering.  Educational  programmes  have 
become  correspondingly  complicated,  particularly  in  the 
United  States,  where  we  are  informed  that  in  the  state  of 
New  York  alone,  colleges  and  schools  award  over  forty 
different  degrees  in  engineering. 

Mindful  of  all  these  difficulties,  but  driven  by  a 
scientific  man's  urge  towards  systematic  classification,  a 
well-known  American  authority  on  engineering  education 
has  recently  made  a  gallant  attempt  to  tackle  this  problem 
of  engineering  classification,  which,  indeed,  is  of  primary 
interest  in  his  field,  where  there  is  a  continual  conffict 
between  the  student's  desire  for  early  speciahzation  and 
the  claims  of  the  broad  fundamental  subjects  common  to 
all  branches  of  engineering. 

In  a  paper*  from  which  the  title  of  this  article  is 
taken.  Dr.  Hoover  gives  the  results  of  his  studies  of  this 
subject.  He  took  the  modifying  adjectives  employed  by 
10,542  engineers  listed  in  a  well  known  biographical  hand- 
book, and  found  that  they  used  2,518  different  titles  in 
describing  themselves.  On  analysis  it  appeared  that  these 
indicated  337  special  branches  of  engineering.  Some  of 
the  titles  had  reference  to  the  users'  general  field  of  work, 
such  as  civil,  electrical,  metallurgical  and  the  like,  some 
indicated  branches  of  technology,  structures,  materials,  or 
products  with  which  the  specialist  was  concerned,  as  in 
the  case  of  traffic  engineer,  ceramic  engineer,  or  drying 
engineer,  and  a  third  category  described  the  user's  particular 
function,  such  as  research,  valuation,  inspection,  managing, 
sales,  or  distribution.  It  was  found  that  nearly  six  hundred 
different  significant  words  appeared  in  the  titles  studied. 

The  object  of  the  investigation  was  to  try  to  establish 
some  standard  scheme  by  which  the  recognized  branches 
of  the  profession  and  the  proper  titles  of  engineers  devoting 

*The  Structure  of  the  Engineering  Profession,  Journal  of  En- 
gineering Education,  January,  1935. 
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themselves  to  specialized  branches  might  be  defined,  and 
it  was  felt  that,  in  the  United  States  at  least,  a  scheme 
of  this  kind  might  well  be  the  task  of  a  joint  committee 
of  the  main  national  engineering  societies. 

In  this  connection  Dr.  Hoover  suggests  that  all  who 
are  primarily  engaged  in  work  of  an  engineering  nature, 
as  distinguished  from  pure  scientists  and  non-professional 
technicians,  should  use  the  word  engineer  as  part  of  their 
professional  titles;  further,  that  all  engineers  should  be  asked 
to  make  a  distinction  between  their  professional  title  in- 
dicating their  branch  of  engineering,  and  their  present 
position  indicating  their  place  and  rank  in  an  organization. 
All  professional  titles  should  be  based  on  two  types  of 
adjective:  first,  those  indicating  the  field  of  work  or  zone 
of  interest,  and  second,  those  indicating  the  function  per- 
formed, as  for  example,  electrical  research  engineer. 

The  paper  gives  lists  of  suggested  adjectives  respective- 
ly designating  field  of  work,  zone  of  interest,  and  function, 
by  the  use  of  which  it  is  possible  to  make  up  more  than 
ten  thousand  different  combinations  or  descriptive  titles 
whose  meanings  are  clear. 

So  far,  no  systematic  attempt  at  work  of  this  kind 
has  been  made  in  Canada,  although  the  matter  is  of  un- 
doubted importance  both  to  the  professional  associations 
and  to  educational  bodies.  Further  progress  in  the  study 
of  this  difficult  subject  will  be  watched  with  interest. 

A  comprehensive  and  accurately  descriptive  list  of 
recognized  engineering  titles  would  be  of  great  assistance 
in  connection  with  the  licensing  and  registration  of  pro- 
fessional engineers.  It  seems  remarkable  that  in  Canada 
some  of  the  Provincial  Associations  of  Professional  En- 
gineers, as  in  the  Province  of  Quebec,  make  no  official 
distinction  between  the  various  branches  of  engineering, 
and  in  granting  a  license  to  practise  do  not  state  the  par- 
ticular line  of  work  for  which  the  holder  is  legally  qualified. 
In  contrast  to  this  there  are  other  associations,  as  in  British 
Columbia,  who  recognize  as  many  as  seven  main  technical 
divisions  of  the  profession,  and  have  even  begun  to  draw 
up  schemes  of  functional  classification  for  their  members. 

The  matter  is  of  interest  in  The  Engineering  Institute 
also,  since  our  system  of  examinations  for  non-graduate 
applicants  for  corporate  membership  must  provide  for 
some  degree  of  specialization.  Actually,  our  examination 
programme  recognizes  civil,  electrical,  chemical,  metallur- 
gical, mining  and  structural  engineering  as  main  divisions, 
and  this  broad  classification,  with  as  many  as  four  sub- 
divisions in  each  case,  has  been  found  to  work  satisfactorily 
under  present  conditions.  It  remains  to  be  seen  whether 
we  shall  find  it  necessary  to  replace  this  comparatively 
simple  list  with  a  more  complicated  one  based  on  some 
such  study  as  that  mentioned  above.  It  seems  doubtful, 
however,  whether  a  further  elaborate  inquiry,  along  the 
lines  suggested  in  Dr.  Hoover's  paper,  would  be  of  general 
advantage,  but  it  would  at  least  aid  in  showing  the  futility 
of  some  of  the  extraordinary  titles  assumed  by  persons 
who  have  no  engineering  training  but  who  wish  to  take 
advantage  of  the  public  ignorance  of  the  boundaries  of 
legitimate  engineering  work. 

Committee  on  Consolidation 

The  Committee  appointed  at  the  Annual  Meeting  of 
The  Institute  held  in  Toronto  on  February  7th,  to  develop 
the  possibilities  of  the  consolidation  of  the  engineering 
profession  in  Canada,  held  its  fourth  meeting  on  Tuesday, 
April  16th,  and  reviewed  the  progress  being  made  in  organ- 
ization in  the  various  provinces  for  the  discussion  and 
compilation  of  data  on  the  subject  of  Consolidation. 

The  Committee  was  of  the  opinion,  from  the  informa- 
tion before  it,  that  the  engineering  profession  throughout 
Canada  strongly  approved  the  general  principle  of  con- 
solidation. It  now  becomes  necessary  to  develop  certain 
of  the  essential  broad  principles  and  to  obtain  the  views 


of  the  various  interested  bodies  as  to  the  most  acceptable 
procedure  involved  in  such  a  reorganization.  The  con- 
sideration of  these  matters  was  unfinished  when  the  Com- 
mittee adjourned  at  7.30  p.m. 

The  fifth  meeting  of  the  Committee  was  held  in  the 
University  Club  on  the  evening  of  Monday,  April  22nd, 
and  the  general  programme  of  the  Committee  was  fully 
discussed  and  determined.  It  was  decided  to  communicate 
with  the  various  Branches  and  Provincial  Committees  in 
the  near  future,  with  reference  to  certain  specific  points 
involved  in  proposals  for  consolidation.  The  compilation 
of  and  report  on  the  replies  to  this  communication  will  be 
the  Committee's  next  objective. 

The  Committee  strongly  urges  Branches  and  Associa- 
tions to  meet  as  soon  as  possible  for  a  discussion  of  this 
communication  and  the  framing  of  a  reply  setting  forth 
their  views. 

Meeting  of  Council 

A  meeting  of  the  Council  of  The  Institute  was  held  at 
Headquarters  on  Tuesday,  April  23rd,  1935,  at  eight  o'clock 
p.m.,  with  Vice-President  P.  L.  Pratley,  m.e.i.c,  in  the 
chair,  and  six  other  members  of  Council  present. 

The  Council  received  resolutions  regarding  the  con- 
solidation movement  from  the  following  branches:  Halifax, 
Cape  Breton,  Quebec  and  Niagara  Peninsula.  A  report 
was  also  presented  from  a  joint  committee  of  the  Associa- 
tion of  Professional  Engineers  of  Nova  Scotia  and  The 
Engineering  Institute  branches  in  that  province,  and  a 
report  from  a  similar  co-ordinating  committee  in  Saskat- 
chewan. Both  favoured  the  principle  of  consolidation. 
Council  also  received  a  copy  of  the  Bill  amending  the 
Engineering  Act  in  Manitoba,  which  has  recently  been 
passed. 

It  was  noted  that  the  April  1935  number  of  The 
Engineering  Journal,  containing  papers  and  discussions  on 
the  western  water  problem,  had  been  widely  distributed 
to  Dominion  and  Provincial  Ministers,  Senators,  Members 
of  Parliament,  newspapers,  and  other  public  men  and 
organizations  interested. 

The  following  committees  were  appointed:— 

Past-Presidents'  Prize  Committee: 

R.  W.  Boyle,  m.e.i.c,  Chairman 

A.  R.  Chambers,  m.e.i.c. 

W.  P.  Dobson,  M.E.I.C. 

A.  Frigon,  m.e.i.c. 

S.  G.  Porter,  m.e.i.c. 
Gzowski  Medal  Committee: 

R  S.  L.  Wilson,  m.e.i.c,  Chairman 

F.  W.  Alexander,  m.e.i.c 
J.  B.  deHart,  m.e.i.c. 

H.  J.  MacLeod,  m.e.i.c. 
A.  S.  Wootton,  m.e.i.c. 
Leonard  Medal  Committee: 

L.  L.  Bolton,  m.e.i.c,  Chairman 

A.  O.  Dufresne,  m.e.i.c 

G.  V.  Douglas,  A. m.e.i.c 

B.  S.  McKenzie,  m.e.i.c. 
G.  G.  Ommanney,  m.e.i.c 

Board  of  Examiners  and  Education: 

H.  M.  White,  a. m.e.i.c,  Chairman 
E.  P.  Fetherstonhaugh,  m.e.i.c 
J.  N.  Finlayson,  m.e.i.c 
N.  M.  Hall,  m.e.i.c. 
J.  W.  Sanger,  a. m.e.i.c 
W.  Walkden,  a. m.e.i.c 

An  amendment  to  the  Saskatchewan  Branch  by-laws 
was  submitted  by  the  Branch  Executive  committee  and 
duly  approved. 

Discussion  took  place  as  to  the  desirability  of  The 
Institute  suggesting  names  of  prominent  engineers  for  in- 
clusion in  the  proposed  Economic  Council  of  Canada,  and 
it  was  decided  to  take  steps  with  this  end  in  view. 

President  F.  A.  Gaby,  m.e.i.c,  was  asked  to  represent 
The  Institute  at  the  Annual  General  Meeting  of  the  Royal 
Society  of  Canada,  to  be  held  at  McMaster  University, 
Hamilton,  on  May  21st  to  24th,  1935. 
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The  financial  statement  to  March  30th,  1935,  ;^was 
presented  and  approved. 

Fifteen  resignations  were  accepted,  four  reinstatements 
were  effected,  six  members  were  replaced  on  the  active 
list,  one  Life  Membership  was  granted,  and  three  members 
were  placed  on  the  Non-Active  List. 

A  number  of  applications  for  admission  and  for  transfer 
were  considered,  and  the  following  elections  and  transfers 
were  effected:— 

Elections  Transfers 

Members 4  Assoc.  Member  to  Member ...  3 

Assoc.  Members 4  Junior  to  Assoc.  Member 3 

Junior 1  Student  to  Assoc.  Member ....  2 

Students  admitted 39  Student  to  .Junior 4 

The  Council  rose  at  eleven  thirty  p.m. 

OBITUARIES 

Joseph  Hunter,  M.E.I.C. 

Members  of  The  Institute  will  learn  with  regret  of  the 
death  at  Victoria,  B.C.,  on  April  8th,  1935,  of  Joseph 
Hunter,  m.e.i.c. 

Mr.  Hunter  was  born  at  Aberdeen,  Scotland,  on  May 
7th,  1842,  and  received  his  early  education  there,  at  Maris- 
chal  College.  After  completing  his  apprenticeship  with 
James  F.  Beattie,  C.E.,  he  was  engaged  in  railway  work, 
surveying,  building,  etc.,  and  in  18G4  went  to  British 
Columbia,  his  route  being  by  way  of  the  Panama  canal. 
Following  his  arrival  in  Victoria  Mr.  Hunter  started  for 
the  Cariboo  goldfields  and  there  worked  for  seven  years 
as  miner  and  surveyor,  in  1872  joining  the  Canadian 
Pacific  Railway  surveys.  In  1873  he  took  a  pack  train 
from  the  head  of  Howe  Sound  up  Cheakamus  river  through 
to  Lillooet  river,  and  in  1874  examined  the  region  between 
the  wagon  road  and  Blue  river  on  the  North  Thompson. 
In  1875  Mr.  Hunter  located  for  the  Dominion  government 
the  Island  Railway  from  Nanaimo  to  Mill  Bay,  linking  up 
with  the  section  located  from  Victoria  to  the  latter  point. 
In  1876  he  was  in  charge  of  Y  division  of  the  C.P.R.  and 
surveyed  a  line  from  the  head  of  Salmon  river  across  the 
summit  and  down  the  Nechaco  towards  Fort  George.  In 
1877  Mr.  Hunter  was  selected  from  the  engineering  staff 
of  the  C.P.R.  by  the  Dominion  government  to  lay  off  a 
provincial  boundary  line  on  the  Stikine  river  between  the 
Dominion  of  Canada  and  the  Territory  of  Alaska  in  accord- 
ance with  the  terms  of  the  Convention  between  Russia 
and  Great  Britain  in  1825.  Copies  of  his  plan  and  his 
report  are  to  be  found  in  the  archives  at  Ottawa,  at  Wash- 
ington and  in  Downing  Street,  being  accepted  by  the 
respective  governments  interested.  In  1883  Mr.  Hunter 
joined  the  Esquimalt  and  Nanaimo  Railway  as  chief 
engineer,  and  remained  with  the  railway  for  twenty  years, 
being  at  various  times,  vice-president  and  general  super- 
intendent. He  surveyed  the  route  and  all  the  structures 
of  the  railway  were  built  from  his  designs.  He  also  designed 
and  built  the  waterworks  system  for  the  town  of  Lady- 
smith.  In  1898  he  was  given  leave  of  absence  to  design 
and  build  a  dam  across  the  Quesnel  river  at  the  outlet  of 
Quesnel  lake,  a  piece  of  engineering  work  which  Mr.  Hunter 
used  to  describe  as  the  most  satisfactory  in  his  whole  career. 
In  1905  Mr.  Hunter  was  appointed  chief  engineer  of  the 
Wellington  Colliery  Company  and  Canadian  Collieries 
Dunsmuir  Limited.  Following  his  retirement  Mr.  Hunter 
retained  his  active  interest  in  the  welfare  of  the  Island. 

Mr.  Hunter  joined  The  Institute  (then  the  Canadian 
Society  of  Civil  Engineers)  as  a  Alember  on  March  11th, 
1913,  and  on  June  15th,  1934,  was  made  a  life  member. 

Frank  Welcome  McCrady,  A.M.E.I.C. 

Regret  is  expressed  in  placing  on  record  the  death  at 
Vancouver,  B.C.,  on  March  13th,  1934,  of  Frank  Welcome 
McCrady,  a.m.e.i.c. 


Mr.  McCrady  was  born  at  Lyn,  Ontario,  on  November 
7th,  1856,  and  received  his  early  education  at  the  High 
School,  Brockville,  Ont.  Later  he  studied  mechanical 
engineering,  draughting  and  architecture. 

After  a  number  of  years  of  junior  work  in  Ontario  and 
with  the  Canadian  Pacific  Railway,  Mr.  McCrady  went  to 
New  Westminster  in  1886,  and  after  a  year,  during  which 
he  was  engaged  on  engineering  and  draughting,  he  worked 
on  the  steel  swing  bridge  for  the  Esquimalt  and  Nanaimo 
Railway,  Victoria,  B.C.  He  was  also  in  charge  of  gas  plant 
improvements  at  Victoria,  and  on  soundings  of  the  Eraser 
river  at  New  Westminster,  B.C.  In  1893  Mr.  McCrady 
was  superintendent  and  manager  of  the  Victoria  Electric 
Light  and  Railway  Company  at  Victoria.  Later  on  he 
turned  his  attention  to  mining,  but  in  1904  was  head  of  a 
party  on  the  demarcation  of  the  Canadian-Alaska  boundary. 
The  years  1905  to  1907  were  again  devoted  to  mining. 
From  1907  to  1912  Mr.  McCrady  was  engaged  on  con- 
sulting engineering,  covering  a  variety  of  work,  and  later, 
after  four  years'  of  illness,  he  became  draughting  demon- 
strator at  the  University  of  British  Columbia.  From  1920 
until  1925  he  was  assistant  in  mechanical  engineering  at 
the  same  university. 

He  was  granted  Life  Membership  in  the  Association 
of  Professional  Engineers  of  British  Columbia. 

Mr.  McCrady  joined  The  Institute  (then  the  Cana- 
dian Society  of  Civil  Engineers)  as  an  Associate  Member 
on  February  17th,  1898,  and  on  December  22nd,  1925, 
was  made  a  Life  Member. 

Thomas  W.  Lesage,  M.E.I.C. 

Regret  is  expressed  in  recording  the  death  at  Montreal 
on  April  7th,  1935,  of  one  of  our  senior  members,  Thomas 
W.  Lesage,  m.e.i.c. 

Born  at  Montreal  on  December  29th,  1861,  Mr. 
Lesage  entered  the  service  of  the  city  in  1887  as  assistant 
engineer  in  the  waterworks  department.     In  1890  he  was 


Thomas  W.  Lesage,  M.E.I.C. 

transferred  to  the  department  of  roads,  which  at  that  time 
managed  the  sewers  also,  and  on  January  1st,  1901,  was 
appointed  assistant  superintendent  of  waterworks.  Ten 
years  later,  in  1911,  Mr.  Lesage  became  superintendent  of 
the  aqueduct,  and  held  that  office  until  1921  when  he 
resigned,  but  was  retained  as  consulting  engineer  to  the 
department  until  January  1st,  1933,  when  he  retired. 

Mr.  Lesage  was  one  of  the  original  members  of  the 
Canadian  Society  of  CivU  Engineers,  having  joined  as  an 
Associate  Member  on  January  20th,  1887,  and  became  a 
Member  on  December  21st,  1899.  He  was  made  a  Life 
Member  of  The  Institute  on  February  4th,  1930. 
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Charles-Edouard  Gauvin,  A. M.E.I. C. 

It  is  with  regret  that  we  pkxce  on  record  the  death  at 
Quebec  on  April  10th,  1935,  of  C'harles-Edouard  Gauvin, 
A.M.E.i.c,  one  of  the  early  members  of  the  Canadian 
Society  of  Civil  Engineers. 

Mr.  Gauvin  was  born  in  Quebec  in  1853,  and  received 
his  early  education  at  the  Laval  Normal  School,  and  later 
served  his  pupilage  with  Messrs.  Ferdinand  Peachy,  Forbes, 
and  later,  Charles  Baillarge.  In  1874  he  was  admitted  to 
practice  as  a  Provincial  Land  Surveyor,  and  from  that  time 
until  1878  was  employed  as  surveyor  and  draughtsman  in 
the  Crown  Lands  Office,  and  also,  for  a  time  as  draughts- 
man, in  the  Department  of  Public  Works  of  Quebec,  work- 
ing on  the  plans  of  the  new  Parliament  Buildings.  In 
1879  Mr.  Gauvin  was  engaged  by  the  Quebec  Street  Rail- 
way Company,  on  the  building  of  an  extension  of  their 
line,  and  in  1880  he  was  assistant  engineer  on  one  of  the 
divisions  of  the  Newfoundland  Railway  Survey.  In  1881 
Mr.  Gauvin  was  appointed  teacher  of  industrial  and 
architectural  drawing  in  the  Quebec  School  of  Arts.  In 
1881  and  1882  he  was  with  the  Quebec  Central  Railway, 
being  in  charge  of  a  party,  and  also  fulfilling,  for  a  time, 
the  duties  of  assistant  chief  engineer.  In  1882  Mr.  Gauvin 
became  superintendent  of  surveys  for  the  Department  of 
Crown  Lands  for  the  province  of  Quebec.  In  the  same 
year,  in  association  with  Senator  J.  P.  B.  Casgrain,  he 
founded  the  Quebec  Corporation  of  Land  Surveyors.  In 
1888  the  Hon.  Pierre  Garneau  decided  to  construct  metallic 
bridges  in  the  province,  and  Prime  Minister  Honore  Mer- 
cier  brought  out  a  Belgian  engineer,  Mr.  Maquet,  who 
constructed  with  Mr.  Gauvin,  the  Malbaie  and  Garneau 
bridges. 

At  the  beginning  of  the  century  the  Hon.  S.  N.  Parent 
established  the  hydraulic  service  of  the  province,  and  Mr. 
Gauvin  was  appointed  chief  engineer  of  this  service,  and 
prepared  a  scheme  for  the  first  hydraulic  department  on 
the  St.  Lawrence  at  I'lle  du  Diable.  He  made  studies  for 
similar  schemes  for  Paugan  falls  on  the  Gatineau,  for  the 
Manicouagan  river,  and  for  the  Outardes  river. 

In  1910  Mr.  Gauvin  left  the  provincial  government 
service  to  become  secretary  of  the  National  Battlefields 
Commission  under  Sir  George  Garneau. 

Mr.  Gauvin  joined  The  Institute  (then  the  Canadian 
Society  of  Civil  Engineers)  on  January  20th,  1887,  as  an 
Associate  Member. 

Charles  John  Pigot,  A.M.E.I.C. 

Members  of  The  Institute  will  learn  with  regret  of  the 
death  of  Charles  John  Pigot,  a.m. e. i.e.,  at  Quebec,  Que., 
on  March  12th,  1935. 

Mr.  Pigot  was  born  at  Rochester,  England,  on  October 
21st,  1854,  and  was  educated  at  St.  Michaels  College, 
Tenbury.  The  early  part  of  his  life  was  spent  coffee  plant- 
ing in  Ceylon;  coming  to  Canada  in  1889  he  was  employed 
until  1894  as  leveller  and  assistant  engineer  on  the  construc- 
tion of  the  Quebec  and  Lake  St.  John  Railway,  and  in  the 
year  1894-1895  he  filled  the  same  position  on  construction 
and  surveys  for  the  Great  Northern  Railway.  He  was 
later  resident  engineer  on  the  construction  of  the  de  Lotbi- 
niere  and  Megantic  Railroad,  and  subsequently  was  engaged 
on  the  building  and  operation  of  the  Quebec  street  railway 
system  and  the  Quebec,  Montmorency  and  Charlevoix  Rail- 
road. In  1911  Mr.  Pigot  was  appointed  chief  engineer  of 
the  Quebec  Railway  Light  and  Power  Company,  and  at 
the  time  of  his  retirement  two  years  ago  he  was  consulting 
engineer  for  the  Quebec  Power  Company. 

Mr.  Pigot  was  a  member  of  The  Institute  of  many 
years  standing,  having  joined  the  Canadian  Society  of 
Civil  Engineers  as  an  Associate  Member  on  March  11th, 
1897. 


PERSONALS 

T.  G.  Tyrer,  a.m.e.i.c,  deputy  chief  surveyor,  Surveys 
Branch,  Land  Titles  Office,  Regina,  Sask.,  was  recently 
elected  president  of  the  Saskatchewan  Land  Surveyors 
Association. 

R.  M.  Herbison,  a.m.e.i.c,  is  at  present  engaged  as 
hydraulic  engineer  with  Messrs.  Glenfield  and  Kennedy, 
Limited,  Kilmarnock,  Scotland.  Mr.  Herbison  was  at  one 
time  mechanical  designer  and  field  engineer  in  the  mechan- 
ical department  of  the  Dominion  Bridge  Company,  Lachine. 

Eric  G.  Adams,  jr. e. i.e.,  has  accepted  a  position  as 
economist  on  the  staff  of  the  assistant  to  the  president  of  the 
Canadian  Pacific  Railway  Company,  Montreal.  Mr. 
Adams  was  formerly  secretary  of  the  Newsprint  Export 
Manufacturers  Association  of  Canada,  at  Montreal. 

W.  L.  McFaul,  M.E.i.e.,  city  engineer  and  manager  of 
waterworks  of  the  city  of  Hamilton,  Ontario,  was  elected 
chairman  of  the  Canadian  section  of  the  American  Water 
Works  Association  for  the  year  1935-1936,  at  the  convention 
held  recently  in  London,  Ont. 

Louis  A.  Amos,  m.e.i.c.,  senior  partner  of  the  firm  of 
L.  A.  and  P.  C.  Amos,  Montreal,  immediate  past  president 
of  the  Province  of  Quebec  Association  of  Architects,  has 
been  elected  a  Fellow  of  the  Royal  Institute  of  British 
Architects  by  that  body  in  recognition  of  his  active  efforts 
in  furthering  the  work  and  prestige  of  the  Quebec  Associa- 
tion during  his  1934  term  as  president. 

A.  J.  C.  Paine,  a. M.E.i.e.,  staff  architect  of  the  Sun 
Life  Assurance  Company  of  Canada,  Montreal,  who 
graduated  from  McGill  University  in  1910  with  the  degree 
of  B.Arch.,  is  the  winner  of  the  gymnasia  buildings  architec- 
tural competition  sponsored  by  the  Graduates'  Society  of 
the  University,  it  has  been  announced.  Mr.  Paine  has  been 
awarded  the  first  prize  of  One  Thousand  Dollars  cash,  and 
when  the  buildings  are  actually  constructed,  will  be  com- 
missioned to  carry  out  the  work. 

G.  W.  F.  Johnston,  a. M.E.i.e.,  has  joined  the  staff  of 
Watson  Jack  and  Company  Ltd.,  of  Montreal,  and  will 
be  in  charge  of  this  company's  construction  equipment 
division.  Mr.  Johnston  will  also  be  associated  with  the 
work  of  the  Canadian  Sheet  Piling  Company  Ltd.,  a  sub- 
sidiary of  Watson  Jack  and  Company.  He  graduated  from 
the  University  of  Toronto  in  1915  with  the  degree  of 
B.A.Sc,  and  since  that  time  has  been  connected  with  the 
construction  industry  as  designing  engineer,  erection  super- 
intendent and  sales  engineer,  and  brings  a  wide  experience 
to  his  new  position. 

F.  K.  Beach,  A.M.E.i.e.,of  the  Department  of  Lands  and 
Mines,  Edmonton,  Alta.,  is  the  present  chairman  of  the  Ed- 
monton Branch  of  The  Institute.  Mr.  Beach  was  at  one  time 
with  the  Dominion  Water  Power  and  Reclamation  Service  of 
the  Department  of  the  Interior,  and  in  1927  was  transferred 
to  the  North  West  Territories  and  Yukon  Branch  of  the 
same  Department  at  Calgary.  In  1931  he  became  attached 
to  the  Petroleum  and  Natural  Gas  Division,  Department 
of  the  Interior,  at  Edmonton,  Alta.,  and  has  just  recently 
received  his  present  appointment. 

G.V.Roney,  A. M.E.i.e.,  has  taken  over  the  duties  of  chief 
engineer  of  Farand  and  Delorme,  Limited,  Montreal.  Mr. 
Roney,  who  graduated  from  Queen's  University  in  19i26  with 
the  degree  of  B.Sc.  was  until  October  of  the  same  year, 
structural  detailer  with  the  Canadian  Bridge  Company 
Walkerville,  Ont.  From  that  time  until  May  1927  he  was 
senior  draughtsman  with  the  Pennsylvania  State  Highway 
Department,  and  from  May  to  October  1927  was  structural 
detailer  with  the  Pittsburgh-Des  Moines  Steel  Company,  at 
Pittsburgh,  Pa.  In  1928  Mr.  Roney  was  with  F.  L.  Heughes 
and  Company,  Rochester,  N.Y.,  and  later,  until  June 
1929,  was  with  the  Chesa,peake  and  Ohio  Railway  Company, 
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Richmond,  Va.  He  has  subsequently  with  the  Manitoba 
Bridge  and  Iron  Works,  as  checker  on  structural  details, 
and  was  transferred  to  the  Dominion  Bridge  Company, 
Winnipeg,  in  the  same  capacity  when  these  firms  amal- 
gamated. In  1934  Mr.  Roney  joined  the  staff  of  the 
McCoU  Frontenac  Oil  Company  in  Montreal. 

Edward  Winslow-Spragge,  a.m.e.i.c,  has  been  ap- 
pointed general  manager  of  the  Canadian  Ingersoll-Rand 
Company  Limited,  Montreal.  Following  graduation  from 
McGill  University  in  1908,  Mr.  Winslow-Spragge  was  for 
a  year  with  Robert  W.  Hunt  and  Company  at  Sault  Ste. 
Marie  and  Fort  William,  Ont.  He  then  joined  the  staff  of 
the  Canadian  Ingersoll-Rand  Company  at  Toronto,  and 
shortly  after  that  was  transferred  to  northern  Ontario  in 
charge  of  the  Cobalt  office.  In  1911  he  was  transferred  to 
the  Montreal  office.  During  the  war  Mr.  Winslow-Spragge 
was  engaged  on  the  development  of  munitions  manufacture 
in  Canada,  and  subsequently  became  chief  inspector  and 
manager  of  the  munitions  department  of  his  company. 
Following  the  armistice,  he  was  appointed  general  sales 
manager,  and  in  1925  he  became  assistant  general  manager. 
In  1934  he  was  made  first  vice-president  of  the  company. 
Mr.  Winslow-Spragge  is  a  member  of  the  Canadian  Institute 
of  Mining  and  Metallurgy. 

A.  P.  Linton,  m.e.i.c,  has  been  elected  chairman  of 
the  Saskatchewan  Branch  of  The  Institute  for  the  year 
1935-1936.  Mr.  Linton  graduated  from  the  University  of 
Toronto  in  1908  with  the  degree  of  B.A.Sc.  and  following 
graduation  was  draughtsman  with  the  Dominion  Bridge 
Company  until  1911.  In  1911-1912  he  was  with  the  St. 
Lawrence  Bridge  Company  working  on  the  design  of  the 
Quebec  Bridge,  and  from  that  time  until  1915  was  chief 
bridge  engineer  with  the  Department  of  Highways  of 
Saskatchewan.  From  1915  until  1919  Mr.  Linton  was 
overseas,  serving  with  the  1st  Canadian  Pioneers,  9th 
Battalion,  Canadian  Railway  Troops,  in  France,  and 
commanded  the  1st  Bridging  Company,  Canadian  Railway 
Troops,  in  Palestine.  He  was  promoted  to  the  rank  of 
Major,  was  mentioned  in  despatches,  and  received  the 
O.B.E.  His  present  rank  is  Lieutenant-Colonel.  Return- 
ing to  Canada  in  1919,  he  was  appointed  chief  bridge 
engineer  with  the  Department  of  Highways,  Saskatchewan, 
which  position  Lieut.-Colonel  Linton  has  held  up  to  the 
present  time. 

W.  E.  Bonn,  m.e.i.c,  has  been  elected  chairman  of 
the  Toronto  Branch  of  The  Institute  for  the  year  1935. 
Mr.  Bonn  graduated  from  the  Glasgow  and  West  of  Scot- 
land Technical  College  in  1911,  and  came  to  Canada  in 
the  same  year,  bemg  employed  until  1913  by  the  Canadian 
Northern  Railway.  In  1913-1914  he  was  with  R.  B.  Herrin 
and  Company,  contractors,  on  the  design  of  special  plant 
for  work  on  the  Toronto  harbour  development.  From 
1914  until  1918  Mr.  Bonn  was  assistant  resident  engineer 
with  the  Department  of  Public  Works  on  the  Toronto 
harbour  development  and  in  1918-1920  he  was  with  James 
Stewart  Inc.  (Agents)  Emergency  Corp.,  and  with  the 
Canadian  Stewart  Company.  During  the  years  1920-1927 
Mr.  Bonn  was  in  charge  of  dredging  with  the  Toronto 
Harbour  Commission,  and  in  1927-1929  he  was  chief 
engineer  of  Roger  Miller  and  Sons.  Since  1929  he  has  been 
engineer  in  charge  of  the  Toronto  district  for  the  Canadian 
Dredging  Company  Limited.  Mr.  Bonn  is  very  active  in 
Institute  affairs,  and  was  chairman  of  the  Entertainment 
and  Hotel  Committee  in  connection  with  the  Annual 
Meeting  which  was  held  in  Toronto  in  February  of  this  year. 

A.  Mailhiot,  m.e.i.c,  professor  of  mining  geology  and 
metallurgy  at  the  Ecole  Polytechnique  and  at  the  Univer- 
sity of  Montreal,  recently  received  the  honorary  degree  of 
Docteur  des  Sciences  Appliquees  from  the  University  of 
Montreal.     Dr.  Mailhiot  has  contributed  greatly  to  the 


knowledge  of  Canadian  geology  and  mineralogy,  having 
been  in  charge  of  many  important  surveys  in  the  Gaspe, 
Abitibi  and  Eastern  Townships  districts.  He  has  published 
a  number  of  scientific  papers  dealing  with  different  phases 
in  these  fields,  and  has  delivered  numerous  lectures  before 
learned  bodies  throughout  Canada.  Dr.  Mailhiot  is  a 
director  of  the  Provincial  Mines  Laboratory,  registrar  of 
the  Corporation  of  Professional  Engineers  of  the  Province 
of  Quebec,  in  the  founding  of  which  he  took  an  active  part, 
and  a  former  chairman  of  the  executive  of  the  Canadian 
Institute  of  Mining  and  Metallurgy.  In  1910  he  graduated 
from  the  Ecole  Polytechnique  and  joined  the  teaching 
staff  of  that  school  as  assistant  professor  of  geology  and 
mining.  Fifteen  years  ago  Dr.  Mailhiot  was  appointed 
professor  of  geology  and  mineralogy  on  the  faculty  of 
science  in  the  University  of  Montreal.  He  has  carried  on 
post-graduate  work  at  the  Ecole  des  Mines  and  at  the 
Museum  of  Natural  History  in  Paris,  and  also  at  the 
Sorbonne. 

S.  L.  deCarteret,  m.e.i.c,  has  been  elected  a  director, 
and  appointed  general  manager  of  the  Brompton  Pulp  and 
Paper  Company  Limited.  Mr.  deCarteret  has  been  as- 
sociated with  the  paper  industry  for  twenty-seven  years, 
and  for  the  past  eighteen  months  has  been  in  charge  of  the 
woodlands  operations  of  the  Brompton  Company.  He 
graduated  from  Yale  University  with  the  degree  of  Ph.B. 
in  civil  engineering  in  1908,  and  following  graduation  he 
was  with  the  Riordon  Paper  Company,  being  engaged  on 
topographic  and  forest  surveys  and  in  charge  of  office  work 
in  connection  with  the  same.  In  1910  Mr.  deCarteret 
joined  the  Brown  Corporation,  being  in  charge  of  the 
department  in  connection  with  topographic  and  forest 
surveys,  and  investigations  of  water  supply  and  water 
storage  for  power  purposes.  Two  years  later,  with  the  same 
company  he  was  engaged  on  the  design  and  construction  of 
dams,  piers,  etc.,  on  the  Ste.  Anne  river,  Portneuf  county, 
and  subsequently  on  the  construction  and  operation  of  the 
loading  plant  and  private  sidings  at  St.  Casimir;  the 
operation  of  the  company's  private  railway  and  electric 
plant.  Upper  St.  Maurice  river,  and  the  design  and  con- 
struction of  various  works  at  Bersimis,  Saguenay  county. 
In  1923  he  joined  the  Hammermill  Paper  Company,  and  was 
for  some  years  in  charge  of  the  company's  properties  and 
operations  in  the  province  of  Quebec. 

ELECTIONS  AND  TRANSFERS 

At  the  meeting  of  Council  held  on  April  23rd,  1935, 
the  following  elections  and  transfers  were  effected: — 

Members 

CHENEVERT,  Joseph  Georges,  B.A.Sc,  C.E.,  (Ecole  Polytech- 
nique), consltg.  engr.,  associate  with  Arthur  Surveyer  &  Company, 
Montreal,  Que. 

EWART,  Henry  Edward,  of  243  First  Ave.,  supt.,  Royal  Canadian 
Mint,  Ottawa,  Ont. 

KERR,  Samuel  Logan,  B.S.,  M.E.,  (Univ.  of  Penna.),  research 
and  test  engr.,  I.  P.  Morris  Divn.,  Baldwin  Southwark  Corpn.,  Phila- 
delphia, Pa. 

MEALS,  Caspar  Dull,  (Drexel  Institute),  wire  rope  engr.,  B.  Green- 
ing Wire  Co.  Ltd.,  Hamilton,  Ont. 

Associate  Members 

AVERY,  Eric,  (St.  Johns  Tech.  Sch.),  chief  engr.,  Dominion  Bridge 
Co.  Ltd.,  Calgary,  Alta. 

GODSON,  Reginald  Gilbert,  (R.M.C.  and  Sch.  of  Mil.  Engrg., 
Chatham),  struct'l.  engr.,  28  Summerhill  Gardens,  Toronto,  Ont. 

LAPLANTE,  Ren6,  B.A.Sc,  C.E.,  (Ecole  Polytechnique),  asst. 
engr.,  Shawinigan  Water  &  Power  Company,  Montreal,  Que. 

WINDSOR,  Maurice,  M.B.E.,  (Univ.  CoU.,  London,  Eng.),  Can- 
adian manager,  Armstrong  Siddeley  Motors  Ltd.,  Ottawa,  Ont. 

Junior 

HUGGINS,  Mark  WiUiam,  M.A.Sc,  (Univ.  of  Toronto),  engr., 
E.  P.  Muntz  Ltd.,  Dundas,  Ont. 
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Transferred  from  the  class  of  Associate  Member  to  that  of  PATON,  Charles  Peter,  (McGill  Univ.),  53  Wolseley  Ave.,  Mont- 

Mi'mhcT  real  West,  Que. 

MnnvT-^r,     n          m     ^    t?  a  c        ai   •         r  t^         .   ^  PETERS,    James    Hor.sfield,    B.Sc.    (Chem.),    (Univ.    of    N.B.), 

HOOVER,   Owen   Hugo,   B.A.Sc,    (Univ.   of  Toronto),   engr.-in-  (Mcfjii  TJniv  )    Rothesav   N  B 

charge,  Dominion  Water  Power  &  Hydrometric  Bureau,  Dept.  of  the  RINTOUL,  William  Vance',  (Queen's  Univ.),  Burk's  Falls,  Ont. 

interior   L^fUgary,  AJta.  ROSS,  Thomas  W.,  (McGill  Univ.),  495  Prince  Arthur  St.,  Mort- 

MILNE,  Winford  Gladstone,  (Univ.  of  Toronto),  vice-president  i   o 

^"^  f.FRll^V- PVlfn  Pn^rSZ^HS^  Hamilton,  Ont.  '^"^  'SMITH,  Arthur  James  Edwin,  (Univ.  of  Toronto),  22  Madelaire 

PERRY,  Phihp  Carleton,  divn.  engr.,  C.N.R.,  Regma,  Sask.  ^^^    Toronto  Ont. 

Transferred  from  the  class  of  Junior  to  that  of  STEVENS,  Robert  L.,  (Univ.  of  Alta.),  <)827-8r,th  Ave.,  Edmrn- 

Rr.^Ar^.Iv^-    u  ^       Associate  Member           .        ,  .„    ,          ,  ""'THOMPSON,  Robert,  (McGill  Univ.),  157-17th  Ave.,  Lachire, 

BOWMAN,  Ronald  Eraser  Patrick,  B.Sc,  (Univ.  of  Alta.),  road-  q                             ,               ,  v 

""^BRgA^lfewamt^^^^^^^^      Sheffield    Univ.),   editorial    dept.,  "    WESTON,  Norman  O.,  (Univ.  of  Alta.),  11038-87th  Ave.,  Edmon- 

^^'''tlDG^^Sur'c^^urTn'ly^t^^^^^^  J' ^^^'^C^^t''  ''""^''  ^'"^^''   ^''■^■''■^'  """^^^  '^'''^''  ""''''''' 

ing  dftsman.,  Cons.  Mining  &  Smelting  Co.  Ltd.,  Trail,  B.C.  '°^WINN,'james,  (McGill  Univ.),  8289  St.  Dominique  St.,  Montreal, 

Transferred  from  the  class  of  Student  to  that  of  Que. 

oGiLVY,  James  Angus^Tsc.,  (^TccfiJi  Univ.),  3429  Peel  St.,  Publications  of  Other  Engineering  Societies 

Montreal,  Que                                                   ,   -.^  ■    ^     ■,■  r  From  time  to  time  announcements  have  appeared  in 

RONE  Y ,  Gerald  Von  Suven,  B.Sc,  (Queens  Lniv.),  chief  enpr.,  „,,_..,             ,              j-        xu            u 

Farand  &  Delorme  Ltd.,  Montreal,  Que.  The  Engmeenng  Journal  regardmg  the  exchange  arrange- 

Transf erred  from  the  class  of  Student  to  that  of  Junior  ^J^^^^  which  exist  between  The  Engineering  Institute  of 

BOWLES,  William  Shedden,  B.Sc,  (McGill  Univ.),  estimating,  Canada  and  the  founder  engineering  societies  of  the  United 

design,  etc.,  Canadian  Stebbins  Engig.  &  Mfg.  Co.  Ltd.,  Montreal,  Que.  States,  whereby  members  of  The  Institute  may  secure  the 

GREENWOOD,  Frederick  Dwyer,  B.Sc,  (Queen's  Univ.),  mech'l.  publications  of  the  American  societies  at  special  rates  which 

staff,  Hollinger  Cons.  Gold  Mines  Ltd    Tin^^^^^  ^         ^  instances  are  the  same  as  charged  to  their  own 

M.\cDONALD,  Arden  Morns,  B.Sc,  (N.S.  Tech.  Coll.),  London-  ,              k    ^^  .      r   .i.              it      .-             -xu   xu                   j. 

derry  Stn.,  N.S.                             >          >  v                         "  members.    A  list  of  these  publications  with  the  amounts 

PAMENTER,  Archibald  Francis,  B.Sc,  (N.S.  Tech.  Coll.),  lab.  charged  is  given  below,   and  subscriptions  may  either  be 

asst..  Imperial  Oil  Co.  Ltd.,  Dartmouth,  N.S.  sent  direct  to  New  York  or  through  Headquarters  of  The 

Students  Admitted  Institute.                                                            jiau  to        Rate  to 

AHEARN,  William  J.,  (Queen's  Univ.),  538  MacLaren  St.,  Ottawa,  EJ.C.           Non- 

Ont.  Members     Members 

BIESENTHAL,  Clarence  G.,  (Queen's  L^niv.),  362  Christie  St.,  American  Society  of  Civil  Engineees 

Pembroke,  Ont.  Proceedings,  single  copies $  0 . 50          $  1 .00 

BOD  WELL,  Geoffrey  Lionel,  (R.M.C.),  Royal  Military  College,  Per  year 4.00*            S.OOf 

Kingston,  Ont.  Civil  Engineering,  single  copies .50                 .50 

BONNEY,    Albert  J.,    (Queen's  Univ.),    711   Water  St.,  Peter-  Per  year 4.00              5.00 

borough,  Ont.  (Plus  $.75  to  cover  Canadian  postage.) 

BRICAULT,  Fernand,   (Ecole  Polytechnique),  4312  Delorimier  Transactions,  per  year B.OOJ          12.0011 

Ave.,  Montreal,  Que.  Year  Book 1 . 00              2.00 

BROWN,  Ernest  F.,  (McGill  Univ.),  7219  Alexandra  Ave.,  Mont-  (Other  pubUcations  50  per  cent  reduction  on 

real,  Que.  catalogue  price  to  E.I.C.  members). 

CARMICHAEL,  James  Irving,  (Queen's  Univ.),  134  Cameron  St.,  *  If  subscription  is  received  before  January  1st, 

Fort  William,  Ont.  otherwise  $5.00. 

CHRISTIAN,  John  Despard,  (R.M.C.),  Royal  Military  College,  f  Jf  subscription  is  received  before  January  1st, 

Kingston,  Ont.  otherwise  $10.00. 

COOPER,  William  Everett,  (McGill  Univ.),  60  Hall  St.  E.,  Moose  t  If  subscription  is  received  before  February  1st, 

Jaw,  Sask.  otherwise  $8.00. 

DAVIS,  Abraham  Derek,  B.Sc,  (LTniv.  of  N.B.),  42  Spring  St.,  f  //  subscription  is  received  before  February  1st, 

Saint  John,  N.B.  otherwise  $16.00. 

DOUCET,  Jean,  (Ecole  Polytechnique),  10841  Berthelet  St.,  Mont-  American  Institute  of  Electrical  Engineers 

real.  Que.  Electrical  Engineering,  single  copies $  0.75          $  1 .50 

DUMONT,  Georges  Heliodore,  (Ecole  Polytechnique),  5707  St.  Per  year 6.00*           12.00* 

Dominique  St.,  Montreal,  Que.  (*Plus  postage  $1.00.) 

GILDEA,  William  Frederick  Peter,  (McGill  Univ.),  3647  Univer  Transactions— annual,  bound 6.00*          12.00* 

sity  St.,  Montreal,  Que.  (*Plus  postage  $1.00.) 

GUNNING,  Merle  Percy,  (McGill  Univ.),  591  Notre  Dame  Ave.  (The  single  copy  price  for  Electrical  Engineering 

St.  Lambert,  Que.  includes  postage  charge.) 

HARE,  William  Lester,  (Queen's  LTniv.),  673  Gilmour  St.,  Ottawa,  The  American  Society  of  Mechanical  Engineers 

Ont.  Mechanical  Engineering,  single  copies $  0 .  50          $  0 .  60 

HEBERT,  CamiUe  Raymond,   (Ecole   Polytechnique),  4079  St.  Per  year 4.00*            5.00 

Hubert  St.,  Montreal,  Que.  (*Additional  Postage  to  Canada  $.75,  Out- 

HERBERT,  Albert  Cecil,  (Univ.  of  .\lta.),  Wilkie,  Sask.  side  United  States  and  Canada,  $1.50.) 

HOUGHTON,  John  Ruse,  (McGill  Univ.),  730  Upper  Belmont  Transactions,  bound,  published  annually,  about 

Ave.,  Westmount,  Que.  May  15  (priceof  current  volume) 10.00            15.00 

HOWE,  Harold  Bertram,  (Queen's  Univ.),  West  Shefford,  Que.  (Other   publications,   same   rate   to    E.I.C. 

JOHNSTON,  William  David,  (Univ.  of  Toronto),  583  Vaughan  members  as  to  A.S.M.E.  members.) 

Rd.,  Toronto,  Ont.  Journal  of  Applied  Mechanics — Quarterly  publica- 

LeBEL,  Gerard,  (Ecole  Polytechnique),  3716  Adam  St.,  Montreal,  tions. 

Que.  Dates  of  issue :  March,  June,  Sept.  Aug 4 .  00              5 .  00 

LEFORT,  Jean,  (McGill  Univ.),  5577  Phillips  Ave.,  Montreal,  Que.  American  Institute  of  Mining  and  Metallurgical  Engineers 

LEMIEUX,  Gilbert,  (Ecole  Polytechnique),  195  St.  Jean  St.,  Que-  Mining  and  Metallurgy,  single  copies $  0.50          $  0.50 

bee.  Que.  Per  year 3.00*            3.00 

MacKAY,   Ian   Norton,    (McGill  Univ.),   4375   Montrose  Ave.,  (*Plus  $1.00  for  foreign  postage.) 

Westmount,  Que.  Metals  Technology,  single  copies 1 .00              1 .00 

MARSHALL,  Lawrence  James,  (Univ.  of  Man.),  Ashern,  Man.  Per  year 7  00*            7 .  00 

MATHIESON,  John  Richard,  (Univ.  of  Man.),  642  Walker  Ave.,  (*Plus  $.50  for  foreign  postage.) 

Winnipeg,  Man.  Transactions,  per  volume 5 .  00*            7 .  50 

McKIBBIN,    Kenneth    Holdsworth,    (R.M.C.),   Royal   Military  (*Plus  $.60  for  foreign  postage.) 

College,  Kingston,  Ont.  Technical  publications:  Supplied  at  $.01  per  page, 

OXLEY,    William    Morrow,    (R.M.C.),   Royal    Military   College,  with  a  minimum  charge  of  $.25  for  single 

Kingston,  Ont.  copies,  or  at  a  subscription  rate  per  year  of .. ,       7.00*            7.00 

PASK,  Arthur  Henry,  (Univ.  of  Man.),  Zencta,  Sask,  (*Plus  $1.00  for  foreign  postage.) 
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RECENT  ADDITIONS  TO  THE  LIBRARY 

Proceedings,  Transactions,  etc. 

Institution  of  Civil  Engineers: 

Proceedings  1933-1934.     Part  1,  vol.  237. 
Institution  of  Mechanical  Engineers: 

Proceedings  1934,  vol.  127. 
American  Institute  of  Consulting  Engineers  Inc.: 

Proceedings  of  annual  meeting  1935. 
The  Society  of  Engineers  Inc.:  Transactions  1934. 
Institution  of  Water  Engineers:  Transactions  1934,  vol.  34. 

Reports,  etc. 

American  Institute  of  Consulting  Engineers  Inc.: 

List  of  Members  1935. 
British  Columbia,  Dept.  of  Lands,  Lands  and  Surveijs  Branch: 

Annual  Report,  1934. 
Canada,    Dom.  Water  Power  and  Hydrometric  Bureau: 

Water  Resources  Paper  No.  69,  Surface  Water  Suppl}'  of  Canada, 
Atlantic  Drainage. 
Nova  Scotia  Power  Commission:  15th  annual  report,  1934. 
Canada.    Geodetic  Survey: 

Publication  No.  42,  Levelling.    Altitudes  in  Quebec  North  of  St. 
Lawrence  River,  and  Publication  No.  41,  Levelling.    Altitudes 
in  Quebec  South  of  St.  Lawrence  River. 
Quebec  Bureau  of  Mines:  Annual  report  1933,  part  C. 
City  of  Winniipeg  Hydro-Electric  System:  Annual  report  1934. 
Toronto  Public  Library:  51st  annual  report,  1934. 
New  Brunswick  Electric  Power  Commission:  15th  annual  report,  1934. 
Society  of  Automotive  Engineers:  Iron  and  Steel  specifications,  1935. 
American  Society  of  Civil  Engineers:  Year  Book  1935. 

Technical  Books,  etc.,  received 

Who's  Who  Among  Association  Executives,  1935.  {Institute  for  Re- 
search in  Biography.) 

Practical  Designing  in  Reinforced  Concrete,  Part  III,  M.  T.  Cantell. 
(E.  and  F.  N.  Span  Ltd.) 

Radio  Engineering,  by  F.  E.  Terman.     {McGi-aw-Hill  Book  Company.) 

Whitaker's  Almanack,  1935. 

American  Society  of  Heating  and  Ventilating  Engineers  Guide,  1935. 


BOOK  REVIEWS 

Resistance  of  Materials 

By  Fred  B.  Seely,  John  Wiley  and  Sons,  New  York,     1935.     6  by  9}4 
inches,  436  pages,  diagrams,  etc.    $3.75.     Cloth. 

Reviewed  by  J.  N.  Finlayson,  m.e.i.c* 

The  first  edition  of  this  book  appeared  in  1925  and  was  speedily 
adopted  as  a  text  in  many  leading  universities.  The  author  is  pro- 
fessor of  theoretical  and  applied  mechanics  at  the  LTniversity  of  Illinois. 
This  second  edition  contains  twenty  chapters  and  three  appendices 
compared  with  sixteen  chapters  and  five  appendices  in  the  former 
edition,  while  the  number  of  pages  has  been  reduced  from  442  to  436. 
The  book  is  divided  into  two  parts:  Part  I,  embracing  Elementary 
Topics,  and  Part  II,  Special  Topics.  The  principal  changes  noted  in 
Part  I  are  the  addition  of  review  questions  throughout  the  text,  making 
the  total  number  of  problems  nearly  twice  that  contained  in  the  former 
edition;  the  inclusion  of  a  brief  discussion  on  welded  joints  in  chapter  2, 
and  the  omitting  of  chapter  3  on  elementary  combined  stresses,  dis- 
tributing this  material  to  other  parts  of  the  book. 

In  Part  II  a  chapter  on  limitation  of  the  flexure  formula  for  sec- 
tions having  only  one  axis  of  symmetry  has  been  added.  The  treatment 
of  reinforced  concrete  beams  has  been  extended  and  removed  from  Ap- 
pendix IV  to  a  chapter  of  its  own  in  the  main  part  of  the  book.  Chap- 
ters on  unsvmmetrical  bending,  curved  flexural  members,  and  flat 
plates  have  likewise  been  reconstructed  from  material  which  was  con- 
tained in  Appendix  V  of  the  former  edition.  New  chapters  containing 
material  not  mentioned  in  the  1925  edition  on  thick  walled  cylinders, 
and  tortional  resistance  of  bars  having  non-circular  cross-sections  are 
added,  and  the  moment-area  method  of  the  treatment  of  beams  has 
been  placed  in  two  chapters,  one  dealing  with  the  deflection  of  statically 
determinate  beams,  the  other  with  statically  indeterminate  beams.  Two 
chapters  on  double  integration  methods  are  included  as  formerly  in 
Part  I. 

Instructors  who  carry  on  courses  in  testing  of  materials  in  con- 
junction with  strength  of  materials  may  regret  that  the  chapter  con- 
tained in  the  former  edition  dealing  with  methods  of  measuring,  and 
significance  of  mechanical  properties  of  structural  materials  has  been 
deleted.  It  is  only  fair  to  add,  however,  that  the  author  has  successfully 
implemented  his  professed  aim  in  preparing  the  second  edition  to  give 
special  emphasis  to  the  engineering  significance  of  the  subject  and  not 
merely  to  emphasize  the  mathematical  methods  of  analysis. 


*Profeator  of  Civil  Engineering,  Uniteraity  of  Manitoba,  Winnipeg,  Man . 


Introduction  to  Electric  Transients 

By  E.  B.  Kurtz  and  G.  F.  Corcoran,  John  Wiley  and  Sons,  New  York,  1936. 

Cloth.   6  by  9}4  inches.   336  pages,  plates,  figs.,  diagrams,  tables.   $4.60. 

Reviewed  by  William  Spbiggs,  jf.e.i.c* 

This  book,  which  John  Wiley  and  Sons  have  just  issued,  is  intended, 
primarily,  as  a  text  book  for  class  use.  The  authors  state,  in  their 
preface,  that  a  sincere  attempt  has  been  made  to  reach  the  student 
and  to  provide  him  with  the  background  which  is  necessary  for  advanced 
study  in  this  field.  In  the  usual  undergraduate  courses,  formulae  and 
expressions  are  developed  which  are  valid  only  during  the  periods  in 
which  the  circuits  and  machines  are  in  their  so-called  "steady  states." 
However,  the  steady  state  solution  of  a  circuit  problem  is  only  one 
part  of  the  complete  solution,  because  a  certain  lapse  of  time  is  required, 
before  the  electrical  conditions  can  adjust  themselves  to  their  ultimate 
steady  state  mode  of  variation.  It  is  this  time  interval  that  is  known 
as  the  transient  period. 

The  volume  is  divided  into  a  section  for  direct  current  transients, 
a  section  for  alternating  current  transients  and  a  mathematical  appendix 
covering  Heaviside's  operational  calculus,  particular  differential  and 
algebraic  equations  and  tables  of  exponential  and  hyperbolic  fimctions 
The  method  of  presentation  employed  is  to  consider  each  type  of 
transient  under  three  distinct  headings:  physical  considerations,  math- 
ematical analysis  and  oscillographic  verification.  Exercises  are  provided 
at  the  end  of  every  chapter. 

A  good  working  knowledge  of  the  elementary  calculus  is  an  essential 
requisite  for  anyone  who  wishes  to  gain  something  of  real  value  from 
the  book  and  this  knowledge  must  be  expanded  as  progress  is  made. 
Considerable  use  is  made  of  Heaviside's  operational  calculus,  an  opera- 
tional solution  being  given  alongside  the  conventional  one. 

The  student's  assimilation  of  the  text  is  helped  very  materially 
by  the  wide  use  which  has  been  made  of  actual  oscillograms,  both  to 
illustrate  the  text  and  to  provide  material  for  examples  and  exercises. 
The  clearness  of  the  printing,  the  excellence  of  the  diagrams  and  illustra- 
tions and  the  smooth  progress  from  problem  to  problem,  hold  the 
attention  and  encourage  the  interest  of  the  reader. 

The  question  of  "power"  transients  has  been  given  a  prominent 
part  and  the  attention  of  any  engineer  desiring  some  general  informa- 
tion on  transients  in  circuits  containing  variable  resistance  and  in- 
ductance (such  as  incandescent  lamps,  transformers,  motors  and 
alternators)  is  referred  to  Chapter  X  on  "Variable  Circuit  Parameters." 

The  work  gives  a  clear  and  systematic  presentation  of  the  various 
types  of  transient  problems  and  can  be  reconamended  as  an  excellent 
basis  for  postgraduate  study. 

'The  Shawinigan  Engineering  Company  Limited,  Montreal, 

BULLETINS 

Culverts. — A  4-page  folder  received  gives  particulars  regarding  Ideal 
corrugated  culverts  manufactured  by  the  Quebec  Culvert  Corp.  Ltd., 
St.  Hyacinthe,  Que. 

Caterpillar  Equipment. — The  Caterpillar  Tractor  Company,  Peoria, 
HI.,  have  issued  a  32-page  booklet  describing  the  company's  products, 
which  include  tractors,  graders,  maintenance  machines,  power  units 
and  industrial  engines. 

Tube  Benders. — Bulletin  No.  39,  containing  8  pages,  published  by 
the  Parker  Appliance  Company,  Cleveland,  Ohio,  gives  details  of  the 
production  tube  bender  and  its  capabihties. 

Pumps.— The  Worthington  Pump  and  Machinery  Corp.,  Harrison, 
N.J.,  have  issued  a  4-page  leaflet  describing  the  self-priming  Worthing- 
ton centrifugal  monobloc  pumping  units,  with  capacities  of  from  50 
to  400  gallons  per  minute,  and  total  head  of  25  to  150  feet. 

Carbon  Monoxide. — A  20-page  booklet  issued  by  Mine  Safety  Appli- 
ances Company,  Pittsburgh,  Pa.,  stresses  the  menace  of  carbon  monoxide 
in  industry,  and  gives  information  regarding  the  habits  and  toxic  effects 
of  this  poison,  and  also  the  equipment  developed  to  detect  its  presence, 
protect  the  individual  and  resuscitate  the  victim.  Copies  of  this  book- 
let are  available  without  charge  from  the  company. 

Instruments. — A  24-page  catalogue  received  from  the  Minneapolis- 
Honeywell  Regulator  Company  Ltd.,  Toronto,  Ont.,  gives  particulars 
of  the  company's  range  of  products,  including  controls  of  various  kinds, 
protection  relays,  valves,  automatic  pilots,  motors,  flow  meters,  tacho- 
meters, hydrometers,  thermometers,  pressure  gauges,  etc. 

Speed  Reducing  Units. — The  Dominion  Engineering  Company, 
Montreal,  have  issued  a  24-page  booklet  containing  data  regarding 
the  company's  standard  speed  reducing  gear  units,  including  tables  to 
assist  in  the  selection  of  suitable  units  for  any  purpose. 

Special  Products. — An  8-page  leaflet  received  illustrates  the  various 
products  manufactured  by  the  by-products  steel  division  of  the  Lukens 
Steel  Company,  Coatesville,  Pa.,  including  such  items  as  plates  of 
50,000  pounds,  25-inch  thickness;  fly  wheels;  base  plates;  locomotive 
fire  boxes;  engine  frames;  tank  cars;  fusion  welded  pressure  vessels,  etc. 

Valves. — Bulletin  No.  38,  a  60-page  publication  issued  by  the 
Parker  Appliance  Company,  Cleveland,  Ohio,  covers  a  typical  variety 
of  valves  manufactured  by  the  company,  together  with  specifications 
covering  straight  globe,  angle  globe,  cross  globe,  straight  flow_ valves, 
drain  cocks,  etc. 

Alarm  Equipment. — Edwards  and  Company  of  Canada  Ltd., 
Montreal,  have  issued  a  16-page  booklet  containing  specifications  and 
price  Ust  of  the  company's  alarm  bells  and  buzzers  of  various  kinds, 
musical  chimes,  industrial  horns  and  sirens,  signalling  transformers, 
fire  and  emergency  stations,  etc. 
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BRANCH  NEWS 

Border  Cities  Branch 

C.  F.  Davison,  A.M.E.I.C,  Secretary-Treasurer. 
F.  J.  Ryder,  S.E.I.C,  Branch  News  Editor. 

The  Wind  Sail  as  Applied  to  Yachts 

At  the  January  meeting  of  the  Branch  several  of  the  committee 
reports  were  read.  Mr.  Davison  read  the  financial  report;  B.  CandHsh, 
A.M.E.I.C,  spoke  for  the  papers  committee,  and  T.  H.  Jenkins,  a.m.e.i.c, 
submitted  the  report  for  the  membership  committee. 

The  guest  for  the  evening.  Dr.  W.  F.  Gerhardt,  was  introduced 
by  Mr.  Candhsh.  Dr.  Gerhardt,  with  Mr.  Locke  as  his  assistant,  is 
in  charge  of  the  Department  of  Aeronautics  at  Wayne  University. 
The  subject  presented  was  "The  Wind  Sail  as  Applied  to  Yachts." 
Dr.  Gerhardt  gave  a  short  synopsis  of  sailing  from  the  time  our  ancestors 
straddled  a  log  and  held  a  branch  aloft  going  wherever  the  wind  took 
them,  to  the  present  day  of  international  yachting  and  close  sailing 
into  the  wind. 

There  have  been  several  t3T3es  of  air-foils  or  power  sails.  The 
passing  wind-mill,  the  various  types  of  rails  used  as  driving  power 
for  boats  and  Dr.  Flintner's  rotating  cylinder  are  well  known. 

The  important  problems  in  sailing  these  days  are:  (1)  the  danger 
and  difficulties  of  the  swinging  boom;  (2)  the  instability  of  the  vessel; 
(3)  the  drag  of  the  hull  in  the  water. 

The  method  of  overcoming  the  first  difficulty  was  to  do  away 
with  the  boom  and  use  the  airplane  wing  in  a  vertical  position  as  a 
sail,  the  ribs  of  the  wing  being  convex  on  both  sides  and  the  sail  (taking 
the  place  of  the  fabric  on  an  airplane  wing)  covering  the  wing  loosely. 
In  this  manner  the  sail  automatically  takes  a  streamline  form  in  which 
way  the  wind  is  striking  the  sail.  The  ribs  of  the  wing  are  attached 
firmly  to  the  mast.  Bearings  at  the  foot  of  the  mast  allow  the  sail 
to  swing  when  the  course  of  the  vessel  is  changed. 

A  good  deal  of  experimenting  has  been  attempted  in  keeping  the 
boat  level,  the  main  one  being  the  use  of  double  hull  vessels. 

In  attempting  to  overcome  the  drag  on  the  hull,  the  speaker 
resorted  to  hydro-foils  to  raise  the  hull  out  of  the  water,  thus  decreasing 
its  resistance. 

A  hearty  vote  of  thanks  was  moved  by  T.  Jenkins  and  extended 
to  Dr.  Gerhardt  and  Mr.  Locke  by  H.  J.  Coulter,  a.m.e.i.c. 

Calgary  Branch 

John  Dow,  M.E.I.C.,  Secretary-Treasurer. 
H.  W.  Tooker,  A.M.E.I.C,  Branch  News  Editor. 

Joint  Dinner 

To  further  the  establishment  of  closer  relationship  between  the 
various  branches  of  engineering  in  Canada,  a  joint  dinner  was  held  by 
the  Calgary  Branch  of  The  Institute,  the  Association  of  Professional 
Engineers  of  Alberta,  and  the  Canadian  Institute  of  Mining  and  Me- 
tallurgy in  the  Eenfrew  club  on  Saturday  evening,  February  16th. 
Approximately  eighty  were  present,  and  the  dinner  was  presided  over 
by  P.  Turner  Bone,  m.e.i.c. 

The  advantages  to  be  derived  by  such  a  gathering  of  the  three 
associations  were  stressed  by  G.  P.  F.  Boese,  a.m.e.i.c,  chairman  of  the 
Calgary  Branch. 

J.  B.  de  Hart,  m.e.i.c,  of  Lethbridge,  representing  the  Profes- 
sional Engineers,  spoke  on  the  proposed  amalgamation  of  the  three 
associations,  and  contributed  various  suggestions  as  to  how  this  might 
be  accompHshed.  J.  M.  Stevenson  of  Calgary  contrasted  the  methods 
of  engineering  advertising  with  those  of  other  industries  and  businesses. 
Dr.  J.  O.  G.  Sanderson  of  Calgary  brought  the  greetings  of  the  Mining 
and  Metallurgical  Institute 

Community  singing  led  by  W.  B.  Trotter,  a.m.e.i.c,  and  G.  H. 
Patrick,  a.m.e.i.c,  was  the  feature  of  the  evening,  and  the  gathering 
was  also  entertained  by  Ted  Forsey's  orchestra. 

Two  motion  pictures  comprising  seven  reels  in  all,  entitled  "Em- 
pires of  Steel,"  showing  the  construction  of  the  Empire  State  Building 
in  New  York,  and  "Span  Supreme,"  showing  the  erection  of  the  George 
Washington  bridge,  which  spans  the  Hudson  river  from  177th  to  178th 
Street,  New  York  (known  as  Fort  Washington),  to  PaUisades  on  the 
New  Jersey  side  (known  as  Fort  Lee),  were  the  features  of  the  pro- 
gramme of  the  last  general  meeting  of  the  season  of  the  Calgary  Branch, 
on  Thursday,  February  28th,  1935,  at  which  well  over  a  hundred 
members  and  their  friends  were  present. 

By  the  kindness  of  the  Otis-Fensom  Elevator  Company,  through 
their  local  representative  Mr.  W.  W.  Pratt,  the  Branch  was  privileged 
to  witness  these  films.  Mr.  Pratt  also  gave  a  short  address  pointing 
out  the  salient  features. 

This  meeting  was  also  chosen  for  the  presenting  of  the  prize  to 
I.  Abramson,  Jr. E. i.e.,  the  winner  of  the  competition  for  the  younger 
members.  F.  N.  Rhodes,  a.m.e.i.c,  one  of  the  adjudicators,  made  a 
few  remarks  on  the  rules  governing  the  competition. 

A  hearty  vote  of  thanks  was  given  to  Mr.  Pratt  by  the  chairman, 
and  G.  P.  F.  Boese,  a.m.e.i.c,  congratulated  Mr.  Abramson  on  his 
winning  the  prize. 


By  the  kindness  of  the  ladies,  refreshments  were  served  following 
two  violin  solos  given  by  Miss  Mary  Makar,  assisted  at  the  piano  by 
Mrs.  G.  P.  F.  Boe.se. 

The  meeting  adjourned  at  11  o'clock  p.m. 
Annual  Meeting 

The  annual  meeting  of  the  Calgary  Branch  of  The  Institute  was 
held  in  the  Lougheed  Building  on  March  9th,  1935,  and  took  the  form 
of  a  luncheon  meeting  at  which  some  twenty-two  members  were  present. 
Community  singing  led  by  G.  H.  Patrick,  a.m.e.i.c,  was  indulged  in. 

Following  the  lunch,  S.  G.  Porter,  m.e.i.c,  addressed  the  meeting 
on  phases  of  the  annual  meeting  held  in  Toronto,  February  7th,  8th 
and  9th,  1935,  stressing  chiefly  the  drought  situation  in  the  prairie 
provinces  on  which  papers  were  presented.  He  also  gave  a  shi  rt 
outline  of  the  discussion  on  the  consolidation  of  engineering  organiza- 
tions throughout  Canada,  stating  that  a  committee  had  been  appointed 
with  Mr.  G.  McL.  Pitts,  a.m.e.i.c,  as  chairman  to  report  on  the  subject. 
To  enable  the  committee  to  keep  in  touch  with  Branch  affairs,  a  branch 
correspondent,  R.  S.  Trowsdale,  a.m.e.i.c,  was  appointed. 

Following  Mr.  Porter's  address,  Colonel  F.  M.  Steel,  m.e.i.c, 
Coimcillor  for  the  Branch,  reported  on  a  visit  made  to  Headquarters 
and  congratulated  the  chairman,  G.  P.  F.  Boese,  a.m.e.i.c,  on  the 
attendance  at  the  Branch  meetings.  He  suggested  that  contact  be 
maintained  with  the  non-active  members  to  make  it  as  easy  as  possible 
for  them  to  return  to  active  membership  when  they  are  in  a  position 
to  do  so. 

Mr.  Porter,  on  behalf  of  the  members,  presented  Mr.  Dow  with  a 
travelling  bag  in  appreciation  of  his  so  efficiently  performing  the  duties 
of  secretary-treasurer  during  his  two  years  of  office.  In  reply  Mr. 
Dow  took  the  opportunity  of  thanking  the  members  of  the  Executive 
for  their  co-operation,  which  to  a  great  degree  lightened  his  work. 

Reports  were  read  by  the  convenors  of  the  various  committees, 
which  reflected  gratifying  results,  especially  the  secretary-treasurer's; 
this  showed  transactions  to  the  amount  of  $284.72  and  assets  totalling 
$1,030.31  with  no  liabilities. 

On  a  motion  proposed  by  P.  Turner  Bone,  m.e.i.c,  and  seconded 
by  G.  H.  Patrick  all  reports  were  adopted. 

The  result  of  the  ballot  in  the  election  of  officers  was  reported 
by  the  scrutineers. 

Prior  to  John  Haddin,  m.e.i.c,  the  new  chairman,  taking  the 
chair,  Mr.  Boese  thanked  the  committees  and  the  Executive  for  their 
co-operation,  especially  the  Programme  committee.  Mr.  Boese  said 
that  the  welfare  of  the  Branch  had  been  well  advanced  by  the  timely 
visit  of  President  F.  P.  Shearwood,  m.e.i.c 

F.  N.  Rhodes,  a.m.e.i.c,  suggested  a  joint  meeting  with  similar 
organizations  in  the  United  States,  preferably  in  Montana  or  other 
states  near  the  border.  This  suggestion  was  referred  to  the  incoming 
Executive. 

The  meeting  adjourned  at  3.45  o'clock  p.m. 

Hamilton  Branch 

A.  Love,  M.E.I.C,  Secretary-Treasurer. 
A.  B.  Dove,  Jr.E.I.C.,  Branch  News  Editor. 

Members  of  the  Branch  and  guests  to  the  number  of  four  hundred 
and  fifty  gathered  in  the  auditorium  of  the  Hamilton  Technical  Institute 
on  the  evening  of  Tuesday,  March  12th,  1935,  to  hear  Mr.  D.  A.  Boyd 
of  the  Dominion  Bridge  Company,  Montreal,  speak  on  "Arc  Welding." 

Mr.  Boyd  has  already  addressed  several  Branches  of  The  Institute 
and  his  fame  had  preceded  him  to  Hamilton,  hence  the  large  audience, 
for  in  this  districc  the  steel  industry  is  of  the  greatest  importance. 

The  chairman  of  the  Branch,  W.  Hollingworth,  m.e.i.c,  occupied 
the  chair  and  welcomed  the  visitors  who  came  from  outlying  points 
such  as  Gait,  Brantford,  Dundas  and  Grimsby  as  well  as  the  city  of 
Hamilton.  Mr.  Boyd  was  introduced  and  gave  a  most  instructive  talk, 
in  a  masterly  way  showing  that  he  was  thoroughly  familiar  with  the 
subject  and  was  well  able  to  set  it  out  clearly  to  the  audience. 

At  the  close  of  the  address  a  number  of  questions  were  asked  and 
answered.  Interesting  test  pieces  and  models  were  also  shown  and 
explained.  Mr.  Paulin  proposed  a  vote  of  thanks  to  Mr.  Boyd  and 
this  was  enthusiastically  endorsed  by  the  members  and  friends  present. 

The  following  paragraphs  give  the  substance  of  the  lecture  delivered 
by  Mr.  Boyd  who,  in  addition  to  being  an  expert  on  welding,  is  also  a 
remarkably  able  speaker. 

Arc  Welding 

The  great  heat  of  the  electric  arc  process  was  first  determined  by 
a  Frenchman  in  1880.  Two  years  later  a  Russian  developed  the  first 
carbon  arc  process. 

The  intense  heat  developed  is  in  the  neighbourhood  of  5-6,000 
degrees  C,  where  under  20-30  volts,  and  under  the  influence  of  heat, 
air  between  the  electrode  and  the  steel  is  ionized  assisting  a  flow  of 
current  across  an  apparent  void.  Without  the  ionization  of  the  air, 
the  arc  would  not  be  continuous  and  welding  would  be  impossible. 
Under  the  influence  of  this  intense  heat,  both  the  parent  metal  and 
the  electrode  becomes  fluid  and  the  molten  electrode  is  drawn  to  the 
article  to  be  welded  by  virtue  of  the  latter's  positive  polarity.  Without 
the  fluidity  of  the  metal  to  be  welded  the  electrodes  metal  would  freeze 
in  globules  on  its  surface.  Thus  the  electrode  particles  actually  become 
a  part  of  the  metal  to  be  welded.  In  this  consideration  the  speaker 
compared  bare  and  coated  electrodes. 
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Investigation  of  many  weld  failures  led  Mr.  Boyd  to  the  conclusion 
that  weld  design  and  not  welding  practice  was  responsible  for  practically 
all  weld  failures.  Properly  designed  joints,  Mr.  Boyd  said,  were  almost 
100  per  cent  eflBcient.  The  weld  metal  should  be  as  close  as  possible 
in  analysis  to  the  stock  to  be  welded.  Over  0.25  per  cent  carbon, 
serious  diflBculty  is  encountered  in  arc  welding. 

Mr.  Boyd  completed  his  lecture  by  showing  a  great  many  slides 
which  were  indicative  of  the  tj^jes  of  work  handled  by  electric  welders. 
These  served  to  demonstrate  the  tremendous  advances  in  modern 
welding  and  many  showed  interesting  stress  distributions  in  welded 
joints. 

Highlights  of  European  Nights 

The  annual  joint  meeting  of  the  Toronto  Branch  A.I.E.E.  and  the 
Hamilton  Branch  E.I.C.  was  held  in  the  Westinghouse  Auditorium 
on  Friday,  April  12th,  1935,  when  Mr.  S.  G.  Hibben,  Director  of 
Applied  Lighting  of  the  Westinghouse  Lamp  Manufacturing  Company 
of  Bloomfield,  N.J.,  addressed  the  meeting  on  the  subject  of  "High- 
lights of  European  Nights."     The  attendance  was  two  himdred. 

Mr.  Hibben  carried  the  assembly  on  a  travelogue  from  New  York 
to  the  British  Isles,  and  Central  Europe  with  a  lecture  profusely  illus- 
trated with  photographs  showing  various  types  of  lighting — both 
domestic  and  public.  Such  structures  of  international  interest  as  Big 
Ben,  the  Arc  de  Triomphe,  the  Rhine  castles  and  Notre  Dame  were 
shown  in  their  nocturnal  beauty  even  more  pronounced  than  in  day- 
time. Mr.  Hibben  went  on  to  show  various  indirect  and  direct  light- 
ing systems  of  homes,  stores  and  streets  of  Europe.  In  Germany  and 
Holland,  highway  lighting  was  of  a  much  more  superior  type  than 
in  Canada.  Sodium  tube  lighting  makes  travel  highways  and  rural 
districts  safe  for  high  speed,  while  mercury  arc  high  voltage  equip- 
ment is  particularly  applicable  to  civic  lighting. 

Light  may  be  produced  from  three  common  sources:  Chemical, 
low  efficiency  methods;  high  voltage  methods;  and  low  voltage  ioniza- 
tion processes. 

In  connection  with  the  first  method,  the  speaker  demonstrated 
that  light  of  short  life  could  be  produced  by  mixing  in  water  a  hydrozine 
with  potassium  ferrocyanide  to  produce  a  "cold"  light.  Even  ice  has 
little  effect  upon  this  light,  and  constant  stirring  will  prolong  the  life 
of  the  light.  This  method  is  of  little  practical  use  at  present,  but  may 
be  utilized  in  the  future. 

The  speaker  then  demonstrated  by  screen  projection  the  types 
of  failures  met  in  normal  incandescent  lamps  under  accelerated  condi- 
tions. Water  vapour — the  least  trace — caused  blackening  and  possible 
fire  hazard  by  arcing.  Air  in  the  bulb  caused  blackened  condition 
and  rapid  deterioration  of  the  filament ;  the  use  of  a  metal  like  molyb- 
denum was  shown  to  be  unsatisfactory  due  to  filament  warpage  and 
low  life.  Poor  tungsten,  too,  failed  when  tested,  by  warping  and 
breaking  prematurely.  All  these  types  of  failm-es  brought  home  to 
the  listeners  the  fact  that  incandescent  lamp  design  and  control  was 
no  easy  matter. 

In  explaining  the  action  of  metallic  arc  principles,  the  speaker 
illustrated  by  sketches  of  the  accepted  electronic  structure  of  the 
elements.  When  bombarded  with  electrons,  some  of  the  electrons  which 
normally  rotated  about  the  nucleiic  proton  were  disturbed  from  their 
regular  paths  by  actual  collision  with  the  current's  electrons  and  in 
returning  again  to  their  natural  paths,  the  elements'  electrons  emitted 
a  spark.  This  gives  rise  to  light.  Mr.  Hibben  then  demonstrated  the 
features  of  various  arc  type  bulbs — the  mercury  arc,  sodium,  and  the 
amalgam  (cadmium,  zinc,  etc.,)  tubes  were  actually  shown  in  opera- 
tion. Their  uses  were  limited  due  to  their  lighting  characteristics;  the 
sodium  light  was  intensely  yellow  and  turned  red,  and  other  dark 
colours,  to  black,  and  lighter  shades  to  a  white  or  grey;  the  mercury 
light  gave  a  peculiar  greenish  tint,  while  the  amalgam  light  gave  a 
pinkish  hue.  The  latter  type  is  a  new  development  with,  as  yet,  few 
uses,  but  the  other  types  are  greatly  used,  especially  on  the  continent. 
Sodium  light  is  objectionable  due  to  its  tendency  to  show  colours  as 
black  and  white  alone,  and  for  this  reason  is  used  only  in  rural  light- 
ing, for  highways,  etc.,  while  the  mercury  arc  vapour  lamp  is  more 
applicable  to  downtown  sections  where  foliage  and  colouring  generally 
is  to  be  preserved. 

Mr.  Hibben  closed  by  describing  some  of  the  operating  characteris- 
tics of  the  various  types,  and  was  accorded  a  hearty  vote  of  thanks  by 
the  assembly.  The  interest  of  the  meeting  was  manifested  by  the 
nature  of  the  questions  asked  when  the  meeting  was  thrown  open  for 
discussion.  The  meeting  was  adjourned  after  a  vote  of  thanks  to  Mr. 
Hibben  and  officials  of  the  Canadian  Westinghouse  Company,  and 
refreshment  furnished  by  the  latter  was  thoroughly  enjoyed. 

Moncton  Branch 

V.  C.  Blackett,  A.M.E.I.C.,  Secretary-Treasurer. 
Consolidation 
On  March  14th,  1935,  R.  F.  Legget,  a.m.e.i.c,  secretary  of  the 
C'ommittee  on  Consolidation,  visited  Moncton  and  was  entertained  at 
luncheon  by  the  Executive  of  the  Branch.  Mr.  Legget  spoke  briefly 
on  the  proposed  co-ordination.  During  the  discussion  that  followed, 
the  opinion  was  expressed  that  in  New  Brunswick  no  great  need  for 
amalgamation  liad  oeen  felt.  The  Institute  branches  and  the  Profes- 
sional Association  were  performing  their  respective  educational  and 


legal  functions  satisfactorily,  and  furthermore  the  fees  of  the  Profes- 
sional Association  were  very  low.  At  the  same  time,  for  the  good  of 
The  Institute  as  a  whole,  Moncton  Branch  was  ready  to  co-operate 
with  the  Committee.  The  Executive  were  pleased  to  leam  that  it 
was  not  proposed  to  eliminate  the  branches.  Loyalty  of  the  individual 
member  to  his  branch,  in  their  opinion,  was  responsible  for  holding 
The  Institute  together  during  the  depression  years. 
Nickel  and  Its  Uses 

"Nickel  and  Its  Uses"  was  the  subject  of  a  very  interesting  address 
delivered  before  the  Branch  on  April  1st  by  T.  H.  Dickson,  b.sc, 
a.m.e.i.c.  H.  B.  Titus,  a.m.e.i.c,  vice-chairman  of  the  Branch,  presided. 

Although  known  to  the  ancients,  it  is  only  within  the  last  fifty 
years  that  the  metallurgical  importance  of  nickel  has  been  realized. 
When  combined  with  other  metals,  notably  iron  and  steel,  alloys  of 
great  strength  and  toughness  are  produced. 

Notwithstanding  nickel  is  found  in  eight  other  countries,  Canada 
supplies  90  per  cent  of  the  world's  requirements.  This  is  made  possible 
because  of  low  production  costs  and  a  stabilized  price. 

A  vote  of  thanks  to  Mr.  Dickson  was  moved  by  G.  E.  Smith, 
A.M.E.I.C,  .seconded  by  E.  R.  Evans,  m.e.i.c. 

Three  motion  pictures  were  then  shown.  The  first,  "Power," 
showed  construction  and  operation  of  the  C.N.R.  giant  locomotives. 
"  Making  Money,"  the  second  film,  showed  the  various  coinage  processes 
at  the  Royal  Mint  at  Ottawa.  "Forest  Fighters  of  the  Skies"  was  the 
final  picture.  The  standard  motion  picture  projector  recently  purchased 
by  the  Branch,  was  used  on  this  occasion  and  the  chairman  extended 
the  thanks  of  the  members  to  H.  J.  Crudge,  a.m.e.i.c,  for  giving  the 
Branch  the  benefit  of  his  experience  in  selecting  and  negotiating  the 
purchase  of  the  motion  picture  equipment. 

Montreal  Branch 

C.  K.  McLeod,  A.M.E.I.C,  Secretary-Treasurer. 
Junior  Section 

On  March  25th,  1935,  two  papers  were  presented  before  the 
Section,  one  by  C.  R.  Whittemore,  a.m.e.i.c,  metallurgist  with  the 
Dominion  Bridge  Company,  Lachine,  on  "The  Metallurgy  of  Metallic 
Arc  Welding,"  and  one  by  Gordon  Cape,  who  is  also  with  the  Dominion 
Bridge  Company,  on  "Welding  Procedure." 

C.  J.  Pimenoff,  s.e.i.c,  acted  as  chairman. 
Water  Purification 

W.  S.  Lea,  m.e.i.c,  consulting  engineer,  of  Montreal,  on  April 
4th,  1935,  gave  a  most  interesting  talk  on  the  history,  recent  develop- 
ments and  special  processes  used  in  water  purification. 

Professor  R.  E.  Jamieson,  m.e.i.c,  was  in  the  chair. 

Basic  Principles  in  Making  Durable  Concrete 

The  above  was  the  subject  of  an  address  given  by  E.  Viens,  m.e.i.c, 
director  of  Testing  Laboratories,  Department  of  Public  Works,  Ottawa, 
on  March  28th,  1935.  He  defined  Portland  cement  and  concrete,  gave 
particulars  regarding  various  mixtures,  aggregates  and  control  of  water 
cement  rates,  and  also  data  on  the  placing  and  curing  of  concrete. 

Previous  to  the  lecture  a  dinner  was  held  at  the  Windsor  Hotel. 
J.  S.  Brett,  a.m.e.i.c,  presided. 

Junior  Section 

On  April  8th,  1935,  papers  were  presented  on  the  "Operation  of 
the  Kaelin  Electric  Steam  Generator"  by  H.  C.  Buller,  s.e.i.c,  assistant 
engineer  with  the  Dominion  Rubber  Company,  Montreal,  and  another 
on  "The  Small  Maintenance  Shop"  by  Paul  Poitras,  engineer  with  the 
Steel  Company  of  Canada,  Montreal. 

The  first  paper  covered  the  reasons  for  the  installation,  general 
theory,  testing  and  operation  of  an  8,000  kw.  unit,  and  the  second 
paper  was  a  study  of  layout,  equipment  and  operations  in  general  in 
the  small  maintenance  plant. 

Jules  Archambault  acted  as  chairman. 

Electric  Heating 

On  April  11th,  1935,  Mr.  Lee  P.  Hynes,  consulting  engineer  of 
New  York,  gave  a  paper  on  "Electric  Heating  as  Applied  to  Hydraulic 
Control  Gates,  Buildings  and  Industrial  Processes."  He  described 
many  of  the  recent  developments  and  stated  that  as  any  radical  change 
in  the  thermal  efficiency  of  electric  heating  could  not  be  expected, 
improvements  must  be  obtained  in  the  engineering  technique  for 
applying  and  controlling  the  heat. 

A  dinner  at  the  Windsor  hotel  was  held  previous  to  the  meeting. 
The  chairman  was  Max  V.  Sauer,  m.e.i.c. 

The  Smoker 

The  Montreal  Branch  smoker  was  held  on  April  12th,  in  the  Rose 
Room  of  the  Windsor  hotel,  and  was  attended  by  nearly  three  hundred 
and  fifty  members  and  guests. 

The  arrangements  were  under  the  direction  of  R.  H.  Findlay, 
m.e.i.c,  and  his  smoker  committee,  who  provided  an  excellent  series  of 
amateur  turns  and  skits.  The  music  was  furnished  by  the  D.B.  and 
D.E.  W.  Amateur  Orchestra  with  Mr.  F.  F.  Cleal  as  conductor.  F.  S.  B. 
Heward,  a.m.e.i.c,  chairman  of  the  Branch,  and  Dr.  F.  A.  Gaby, 
m.e.i.c,  president  of  The  Institute,  both  gave  short  addresses. 
The  X-ray  in  Metallurgy 

The  various  uses  of  the  X-ray  in  metallurgy  were  described  by 
Andre  Hone,  D.Sc,  lecturer  in  metallurgy  at  the  Ecole  Polytechnique, 
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Montreal,  on  April  18th,  1935.    His  talk  was  well  illustrated  with 
lantern  slides. 

F.  S.  B.  Heward,  a.m.e.i.c,  presided. 

Junior  Section — Plant  Visit 

On  Monday  evening,  April  22nd,  1935,  some  forty  members  visited 
the  pipe  mill  of  the  Steel  Company  of  Canada,  on  St.  Ambroise  Street. 

A  general  talk  on  the  manufacture  of  pipe  was  given  by  Mr. 
Blampied,  plant  superintendent,  after  which  the  party  went  through 
the  plant.  Refreshments  were  also  served  through  the  kindness  of  the 
Steel  Company. 

Niagara  Peninsula 

P.  A.  Dewey,  A.M.E.I.C,  Secretary-Treasurer. 
C.  G.  Moon,  A.M.E.I.C,  Branch  News  Editor. 

This  Branch  held  a  joint  meeting  with  the  Niagara  District  Chem- 
ical and  Industrial  Association  at  St.  Catharines  on  April  11th,  1935, 
with  Mr.  A.  E.  H.  Fair  as  chairman  and  T.  Stanley  Glover,  a.m.e.i.c, 
as  speaker.    About  one  hundred  members  and  guests  were  in  attendance. 

Messrs.  E.  G.  Cameron,  a.m.e.i.c,  W.  R.  Manock,  a.m.e.i.c,  and 
Paul  Buss,  a.m.e.i.c,  spoke  briefly  as  to  the  aims  of  The  Institute,  the 
fields  of  usefulness  of  the  two  organizations  and  of  proposed  meetings 
in  the  future. 

Mr.  Glover  showed  some  most  interesting  lantern  slides  and  told 
of  his  experiences  while  employed  with  the  administration  of  the  Crown 
Colony  of  Nigeria.  This  colony,  on  the  west  coast  of  Africa,  is  about 
the  size  of  Ontario  and  is  inhabited  by  some  20,000,000  blacks  and 
4,000  white  people.  There  are  more  than  one  hundred  dialects  spoken, 
which  makes  the  administration  somewhat  difficult.  No  white  man  is 
allowed  to  own  land. 

The  northern  portion,  wherein  the  higher  type  of  black  is  en- 
countered, is  subject  to  indirect  rule  with  native  chieftains  acting  in 
the  Legislative  Assembly,  whereas  the  southern  half  is  administered 
directly  by  white  officials. 

Two  thousand  miles  of  3-foot  6-inch-gauge  railway  are  already 
built  and  the  ports  of  Lagos  and  Harcourt  are  quite  modernized. 

Palm  kernels  and  oil  are  the  principal  exports  but  the  mineralized 
portions  of  the  country  contain  coal,  tin  ore  and  some  gold.  There 
are  possibilities  of  trade  for  some  of  our  Canadian  products  which 
might  be  well  worth  looking  into. 

Ottawa  Branch 

F.  C.  C.  Lynch,  A.M.E.I.C,  Secretary-Treasurer. 
Thunderstorms  and  Atmospheric  Electric  Effects 

The  noon  luncheon  on  March  7th,  1935,  was  addressed  by  D.  C. 
Rose,  Ph.D.,  of  the  National  Research  Coimcil,  on  the  subject  "Thun- 
derstorms and  Atmospheric  Electric  Effects."  The  address  was  il- 
lustrated with  lantern  slides. 

Past  chairman  A.  K.  Hay,  a.m.e.i.c,  presided  and  in  addition  head 
table  guests  included:  J.  L.  Busfield,  m.e.i.c,  of  Montreal,  Hon.  R.  B. 
Hanson,  Dr.  H.  M.  Tory,  Dr.  C.  Camsell,  m.e.i.c,  R.  C.  Rose,  Engr.- 
Com.  A.  D.  M.  Curry,  m.e.i.c,  Lieut.-Col.  W.  A.  Steel,  a.m.e.i.c. 
Group  Captain  E.  W.  Stedman,  m.e.i.c,  J.  Murphy,  m.e.i.c,  J.  T. 
Johnston,  m.e.i.c,  R.  Meldrum  Stewart,  m.e.i.c,  and  E.  M.  Dennis, 
a.m.e.i.c  The  chairman,  in  introducing  the  head  table  guests,  made 
mention  of  the  fact  that  Mr.  Dennis  for  a  number  of  years  had  been  a 
prominent  member  of  the  Proceedings  committee  of  the  Ottawa  branch 
and  was  now  retiring  from  this  committee  membership. 

The  first  part  of  the  address  dealt  with  the  electrical  state  of  the 
atmosphere  in  normal  fine  weather.  The  air  of  the  atmosphere  is  to  a 
small  extent  charged  with  electricity.  It  contains  minute  particles 
which  carry  positive  and  negative  electrical  charges.  These  are  called 
ions  and  their  existence  makes  the  air  a  conductor  of  electricity.  How- 
ever, it  is  a  very  poor  one  being  about  of  ten  thousand  million  times  lower 
conductivity  than  copper. 

The  density  or  amoimt  of  ionization  increases  with  height  and  the 
fact  that  there  is  more  positive  electricity  at  higher  altitudes  results 
in  an  electrical  field  which  is  constantly  driving  positive  electricity  to 
the  earth's  surface.  A  constant  current  of  about  1,000  amperes  flows 
into  the  earth  from  the  atmosphere.  To  a  large  extent,  if  not  entirely, 
this  is  compensated  for  by  the  fact  that  during  thunderstorms  the  elec- 
tric field  is  reversed  and  higher  currents  flow  upwards  in  lightning 
flashes  and  discharge  off  trees  and  points. 

Dr.  Rose  discussed  the  meteorological  effects  leading  up  to  thunder- 
storms. There  are  two  general  types:  the  first,  or  heat  storm,  which  is 
local  and  occurs  in  fine  weather  when  there  is  little  or  no  wind;  and  the 
second,  which  is  caused  by  instability  in  the  atmosphere  due  to  the 
movements  of  large  bodies  of  air  associated  with  low  pressure  centres. 
The  latter,  sometimes  known  as  cyclonic  storms,  move  across  con- 
tinents more  or  less  regularly.  There  are  many  things  not  yet  com- 
pletely understood  with  regard  to  the  process  of  building  up  the  elec- 
trical charge  in  the  thunderstorm,  but  in  some  manner  the  bottom  of 
the  cloud  becomes  negatively  charged  and  the  upper  parts  positive. 
When  the  potentials  are  great  enough  to  break  down  the  air  in  between, 
a  lightning  flash  takes  place.  The  majority  of  these  flashes  are  from 
cloud  to  cloud,  a  small  percentage  only  occurring  between  cloud  and 
ground. 


The  speaker  presented  some  interesting  information  regarding  the 
estimated  amount  of  energy  that  occurs  in  lightning  flashes.  For 
instance,  it  has  been  estimated  that  there  are  about  seventeen  billions 
of  joules  in  the  average  lightning  flash,  which  is  enough  energy  to  con- 
vert about  seven  tons  of  water  from  0  degree  C.  into  steam.  There 
are  estimated  to  be  about  one  hundred  flashes  of  lightning  taking  place 
on  the  average  every  second  throughout  the  world,  which  means  a 
continuous  dissipation  of  about  two  thousand  million  horse-power. 
This  again  represents  only  a  fraction  of  the  total  energy  stored  up  in 
the  atmosphere  in  storm  conditions. 

In  some  countries  detailed  observations  are  being  obtained  on  the 
distribution,  not  of  thunderstorms  but  of  lightning  flashes  to  the  ground, 
with  relation  to  the  topographical  and  other  features  of  the  country  so 
that  data  may  be  collected  which  would  help  in  locating  transmission 
lines  in  positions  least  likely  to  be  struck.  So  far  the  information  is 
insufficient  and  not  very  conclusive. 

Some  Basic  Principles  in  Making  Durable  Concrete 

At  an  evening  meeting  held  on  Thursday,  March  21st,  1935,  in 
the  rooms  of  the  photographic  section  of  the  Royal  Canadian  Air 
Force,  Jackson  building,  the  members  of  the  Ottawa  Branch  listened 
to  an  address  by  Mr.  J.  W.  Lucas,  of  the  staff  of  the  Testing  Laboratories 
of  the  Department  of  Public  Works.  Mr.  Lucas  spoke  upon  "Some 
Basic  Principles  in  Making  Durable  Concrete,"  his  address  being 
illustrated  with  lantern  slides.  It  was  prepared  in  collaboration  with 
E.  Viens,  m.e.i.c,  director  of  the  Testing  Laboratories  of  the  Depart- 
ment of  Public  Works. 

In  Canada  in  a  single  year,  as  Mr.  Lucas  explained,  as  much  as 
$100,000,000  has  been  spent  on  concrete,  a  figure  which  alone  justified 
every  effort  to  secure  a  good  quality  in  the  product.  Inconvenience 
and  cost  in  repairing  or  replacing  leaking  walls,  dusty  floors  and 
deteriorating  structures,  are  added  reasons  for  warranting  the  study 
of  methods  for  producing  the  very  best,  most  serviceable  and  most 
durable  kinds  of  concrete. 

The  composition  of  cement,  the  mixing  of  the  concrete  including 
particulars  with  regard  to  aggregates,  and  the  water  rates  were  referred 
to.  The  speaker  also  gave  some  interesting  information  with  regard 
to  the  filling  of  forms  and  the  curing  of  concrete. 

Following  the  address,  the  meeting  was  thrown  open  to  discussion 
in  which  many  of  those  present  participated. 

Pulp  and  Paper 

About  one  hundred  and  fifty  members  and  their  friends  attended 
a  noon  luncheon  at  Standish  Hall,  Hull,  P.Q.,  on  Saturday,  March 
30th,  1935,  and  afterwards  paid  a  visit  to  the  plant  of  the  E.  B.  Eddy 
Co.  Ltd.  At  the  luncheon,  W.  S.  Kidd,  a.m.e.i.c,  production  manager 
for  the  company,  gave  an  address  on  "Pulp  and  Paper"  preliminary 
to  the  visit  of  inspection.  Luncheon  guests  at  the  head  table  included 
a  number  of  the  officials  of  the  company.  Dr.  R.  W.  Boyle,  m.e.i.c, 
chairman,  presided. 

Mr.  Kidd  in  his  address  briefly  traced  the  history  of  paper-making 
and  outlined  the  various  steps  in  present-day  processes,  illustrating 
them  with  lantern  slides. 

The  speaker  stated  that  men  with  training  in  the  various  branches 
of  engineering,  particularly  mechanical,  electrical,  civil,  chemical  and 
forestry,  deserve  much  of  the  credit  for  making  Canada  the  largest 
newsprint  producing  country  in  the  world,  and  Canadian  mills  the 
most  efficient. 

Until  a  few  years  ago  the  engineers'  activity  in  the  industry  was 
confined  to  the  designing  and  building  of  paper  mills.  Gradually, 
however,  they  have  been  taken  into  the  operating  organization,  so 
that  today  they  are  foimd  in  all  departments,  from  the  woods  to  the 
shipping  room,  striving  continually  to  make  better  paper  cheaper. 

The  future  of  the  technically  trained  man  in  the  paper  industry 
is  bright,  for  he  alone  is  equipped  to  solve  the  many  problems  still 
to  be  found  in  every  department. 

In  the  course  of  the  afternoon's  inspection  trip  a  train  of  several 
cars  was  provided  for  transferring  the  guests  from  one  end  of  the 
grounds  to  the  other.  The  main  units  of  the  plant  were  visited,  includ- 
ing the  wood  room,  wood  clearing  department,  sulphite  mill,  ground- 
wood  mill,  and  the  different  mills  for  the  manufacture  of  newsprint 
and  other  papers. 

Special  Meeting  on  Consolidation 
A  special  meeting  of  the  Branch  was  held  in  the  R.C.A.F.  Rooms, 
Jackson  Building,  on  the  evening  of  April  9th,  1935,  in  order  to  afford 
the  members  an  opportunity  to  discuss  a  resolution  of  the  last  annual 
meeting  of  The  Institute  on  the  possibihties  of  consolidation  of  the 
engineering  profession  in  Canada.  At  this  meeting  J.  L.  Busfield, 
M.E.I.C,  and  R.  J.  Durley,  m.e.i.c,  the  general  secretary,  both  of 
Montreal,  attended. 

The  matter  of  possible  consolidation  was  discussed  and  Dr.  R.  W 
Boyle,  m.e.i.c,  and  A.  K.  Hay,  a.m.e.i.c,  were  appointed  as  a  com- 
mittee of  two  to  confer  with  the  members  of  the  Ontario  Association 
of  Professional  Engineers  in  the  Ottawa  district  regarding  the  matter. 
After  the  opinions  upon  the  possibility  of  consolidation  had  been 
obtained  by  this  committee,  it  was  to  communicate  its  findings  and 
report  back  to  the  general  committee  of  The  Institute  on  Consolidation, 
under  the  chairmanship  of  Gordon  M.  Pitts,  a.m.e.i.c,  of  Montreal. 
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Quebec  Branch 

J.  Joyal,  A.M.E.I.C.,  Secretary-Treasurer. 
The  Isle  of  Orleans  Bridge 

At  a  meeting  of  the  Quebec  Branch  of  The  Institute  held  on  April 
8th,  1935,  P.  L.  Pratley,  m.e.i.c,  described  the  construction  of  the 
Isle  of  Orleans  Bridge,  and  O.  Desjardins,  a. m.e.i.c,  chief  engineer  of 
the  Department  of  Public  Works,  who  thanked  the  speaker,  dealt  with 
the  cost  of  the  project.  H.  Cimon,  m.e.i.c,  chairman  of  the  Branch, 
presided  and  introduced  the  speaker. 

Mr.  Pratley  dealt  principally  with  the  superstructure  of  the 
central  portion,  the  suspension  bridge,  and  with  the  anchor  piers  which 
were  both  important  and  somewhat  unique.  Slides  were  shown  of 
studies  for  other  types  of  span  and  the  advantages  of  the  suspension 
bridge  were  outlined.  Reference  was  then  made  to  the  problems  facing 
the  designing  engineer,  such  as  the  construction  of  anchorages  in  tidal 
waters,  the  choice  of  material,  the  selection  of  floor  detail,  the  appear- 
ance of  the  towers,  the  mathematical  determination  of  the  dimensions 
of  the  stiffening  trusses  and  so  forth.  The  speaker  went  on  to  illustrate 
the  construction  of  the  anchor-piers,  and  views  of  the  building  procedure, 
and  the  insertion  of  the  steel  anchor-girders  were  shown.  He  then 
dealt  with  the  specification,  design  and  testing  of  the  cables,  and 
reference  was  made  to  the  process  of  prestressing  to  which  all  cable-strands 
and  hanger-ropes  were  submitted.  The  build-up  of  the  main  cables 
which  support  the  roadway  floor  and  also  the  detail  manner  in  which 
these  cables  are  anchored  into  the  piers  was  shown  by  slides,  and  Mr. 
Pratley  pointed  out  several  entirely  new  features.  Following  this  the 
design  and  erection  of  the  towers  was  referred  to,  and  the  stringing 
of  temporary  walk-ways  upon  which  to  lay  the  main  cables.  This  was 
followed  by  views  of  the  methods  by  which  the  cables  were  hauled  over, 
attached  to  their  anchorages  and  adjusted  for  correct  sag.  The  assem- 
bling of  the  individual  strands,  thirty-seven  of  which  formed  one  cable, 
was  also  indicated  by  the  slides  and  the  final  process  of  wrapping  the 
cable  with  a  wire  covering  which  has  not  yet  been  imdertaken  at  the 
side  was  illustrated  by  the  exhibition  of  the  same  process  being  carried 
on  at  Grand' Mere  six  or  seven  years  ago. 

The  lifting  of  the  truss  sections  from  the  ice  was  the  next  feature 
dealt  with,  and  was  followed  by  references  to  the  concrete-filled  steel 
grid  decking  also  new  in  this  structure. 

The  construction  programme  calls  for  completion  this  summer, 
and  it  is  expected  that  the  bridge  will  be  open  to  traffic  by  Dominion 
Day. 

Saskatchewan  Branch 

S.  Young,  A. M.E.I.C,  Secretary-Treasurer. 
Eighteenth  Annual  Meeting 

The  eighteenth  annual  meeting  of  the  Saskatchewan  Branch  of 
The  Institute  was  held  in  the  Parliament  Buildings,  Regina,  commenc- 
ing at  8.00  p.m.  on  Friday  evening,  March  22nd,  1935.  The  meeting 
was  preceded  by  a  dinner  at  6.30  p.m.,  the  total  attendance  being 
fifty.  Previous  to  the  dinner  the  majority  of  those  attending  met  in 
contest  at  curling,  12  rinks  taking  part. 

Professor  R.  A.  Spencer,  a. m.e.i.c,  of  the  staff  of  the  University 
of  Saskatchewan,  Branch  chairman,  spoke  briefly  at  dinner  on  engineer- 
ing education.  The  business  session  was  conducted  by  the  vice-chair- 
man A.  P.  Linton,  a. m.e.i.c 

S.  J.  Swayze,  accompanied  by  R.  Pym,  contributed  two  songs 
which  were  heartily  applauded. 

The  report  of  the  executive  covering  its  activities  during  the  past 
year,  the  report  of  the  auditors,  presented  by  R.  W.  Allen,  a. m.e.i.c, 
and  the  report  of  the  Papers  and  Library  committee,  presented  by 
S.  R.  Muirhead,  a. m.e.i.c,  were  adopted. 

Mr.  Muirhead  annoimced  that  the  next  meeting  would  be 
in  the  Hotel  Champlain,  Regina,  on  April  8th,  1935,  when  H.  N. 
MacPherson,  a. m.e.i.c,  would  address  the  Branch  on  "The  Preserva- 
tion of  Timber."  Mr.  Muirhead  also  gave  a  brief  resume  of  the  con- 
tents of  the  February  and  March  numbers  of  The  Journal. 

H.  R.  MacKenzie,  a. m.e.i.c,  reported  for  the  committee  on  un- 
employment outlining  verbally  the  activities  of  the  committee  during 
the  past  year. 

The  report  of  the  Saskatoon  Section  read  by  the  secretary  on 
behalf  of  Professor  Spencer  was  adopted.  In  the  discussion  consequent 
to  this  report  attention  was  drawn  to  the  possibility  of  including  Prince 
Albert  in  the  Saskatoon  Section. 

H.  R.  MacKenzie  then  informed  the  meeting  of  the  action  recently 
taken  at  the  annual  meeting  of  the  Association  of  Professional  Engineers 
with  respect  to  the  consolidation  of  the  engineering  profession  through- 
out Canada,  requesting  similar  action  by  this  Branch  of  The  Institute. 
Moved  by  H.  R.  MacKenzie,  seconded  by  D.  A.  R.  McCannel,  m.e.i.c, 
and  carried  that,  "this  Branch  of  The  Engineering  Institute  of  Canada 
in  annual  meeting  assembled  hereby  goes  on  record  as  being  in 
favour  of  the  consolidation  of  the  engineering  profession  in  Canada." 

As  a  step  towards  consolidation  Mr.  McCannel  then  explained 
the  desirability  of  having  one  person  as  secretary  for  the  association 
and  the  Branch,  but  in  order  to  facilitate  the  appointment  of  such  a 
person  it  would  be  necessary  to  amend  the  Branch  by-laws  in  ac- 
cordance with  the  notice  of  motion  sent  out  with  the  notice  of  the 
annual  meeting. 


H.  R.  MacKenzie  raised  the  question  of  supporting  the  proposed 
action  of  the  Association  of  Professional  Engineers  towards  a  meeting 
of  all  engineers  in  the  province,  probably  in  October  or  November 
rf  this  year;  moved  by  H.  R.  MacKenzie,  seconded  by  H.  C.  Ritchie, 
a. M.E.I.C,  and  carried  that  this  Branch  of  The  Institute  endorse  the 
action  of  the  Association  of  Professional  Engineers  recently  taken  at 
the  annual  meeting  towards  a  general  meeting  of  all  engineers  in  the 
Province. 

The  speaker  of  the  evening,  E.  E.  Lord,  a. m.e.i.c,  was  then  in- 
troduced by  the  chairman,  the  subject  of  his  address  being  "River 
Improvement  Work  in  Manchuria." 

Mr.  Lord,  who  for  ten  years  after  the  close  of  the  Great  War 
was  assistant  chief  engineer  on  river  improvement  work  at  the  mouth 
of  the  Liao  river,  confined  his  remarks  to  this  project.  The  mouth 
of  the  Liao  river,  long  in  use  for  navigation  purposes,  became  subject 
to  heavy  silting  by  reason  of  a  diversion  of  part  of  the  discharge. 
The  preliminary  work  consisted  of  the  making  of  a  proper  survey  by 
triangulation  to  embrace  a  network  suited  to  the  taking  of  soundings. 

The  improvement  work  consisted  in  the  first  instance  of  the 
erection  of  a  wall  36,000  feet  in  length  for  the  purpose  of  directing 
the  stream  flow  and  confining  it  to  a  limited  waterway  thus  in- 
creasing the  rate  of  flow  and  thereby  reducing  the  tendency  to  silt. 
The  wall,  erected  two  feet  above  low  water  mark,  of  loose  rubble 
placed  from  scows,  contained  in  excess  of  500,000  cubic  yards  at  a  cost 
of  approximately  $2.00  per  cubic  yard.  The  work,  including  the  driv- 
ing of  piles,  was  carried  on  without  the  use  of  machinery  there  being 
no  power  equipment,  only  hand  labour — all  concrete  being  hand 
mixed. 

The  cost  of  the  work  was  paid  by  the  Chinese  government  out  of 
a  tax  on  shipping. 

Mr.  Lord's  address  was  provocative  of  considerable  discussion  after 
which  a  hearty  vote  of  thanks  was  tendered  the  speaker. 

The  Preservation  of  Timber 

The  Saskatchewan  Branch,  Engineering  Institute  of  Canada,  met 
in  regular  session  at  the  Hotel  Champlain,  Regina,  on  April  8th,  1935, 
being  preceded  by  a  dinner  at  6.30  p.m.  at  which  the  attendance  was 
thirty-one. 

The  chairman,  A.  P.  Linton,  m.e.i.c,  introduced  the  speaker  of 
the  evening,  H.  N.  MacPherson,  a. m.e.i.c,  consulting  engineer,  Van- 
couver, now  specializing  in  the  field  of  timber  preservation,  a  former 
highly  esteemed  member  of  the  Saskatchewan  Branch,  his  subject 
being  "The  Preservation  of  Timber." 

Mr.  MacPherson,  after  outlining  the  various  types  of  deterioration 
to  which  timber  in  use  is  subjected,  gave  an  historical  outline  of  develop- 
ment of  methods  of  timber  preservation  followed  by  descriptions  of 
modern  methods  of  timber  treatment,  illustrating  his  subject  with  two 
reels  of  moving  pictures. 

The  address  was  provocative  of  interested  discussion  whereupon 
a  hearty  vote  of  thanks  was  tendered  the  speaker. 

The  scrutineers  reported  the  ballot  on  by-law  amendments  and 
the  chairman  declared  the  amendments  duly  carried,  following  which  the 
meeting  adjourned. 


Winnipeg  Branch 

J.  F.  Cunningham,  A. M.E.I.C,  Secretary-Treasurer. 
L.  Briggs,  A. M.E.I.C,  Branch  News  Editor. 


H. 


Items  of  Interest  in  Aviation 


About  sixty  engineers  were  present  at  the  Branch  meeting  of 
March  21st,  1935,  to  hear  Mr.  J.  C.  Uhlman,  of  the  Manitoba  Govern- 
ment Air  Services,  present  a  paper  on  "Items  of  Interest  in  Aviation." 

Mr.  Uhlman  said  that  any  reaction  of  the  public  against  air  trans- 
portation was  generally  based  on  one  or  more  of  three  main  causes — 
fear,  cost,  or  lack  of  comfort.  Fear  was  usually  greatly  alleviated 
after  taking  one  air  trip.  Cost  now  compares  very  favourably  with 
that  of  surface  transportation,  and  is  reduced  as  further  advantage  is 
taken  of  air  services.  The  comfort  is  now  comparable  with  that  of 
bus  transportation,  except  possibly  for  noise  and  'bumpy'  air. 

The  greatest  remaining  hazards  of  civil  flying  are  conditions 
cutting  off  visibihty  and  causing  ice  to  form  on  the  wings.  Instrument 
flying  is  not  difficult  particularly  if  beam  radio  is  used,  but  landing 
blind  is  a  problem.  One  system  which  has  been  developed  to  allow 
this,  depends  on  the  detection  by  the  pilot  of  intersections  of  a  radio 
beam  inclined  slightly  above  the  horizontal,  with  two  vertical  radio 
beams,  one  near  the  edge  of  the  landing  field,  and  the  second  two 
miles  distant. 

Variable  pitch  propellers  have  been  a  great  advance.  These  are 
made  adjustable  at  the  will  of  the  pilot,  or  are  made  automatically 
adjustable,  control  being  dependent  on  the  amount  of  thrust  on  the 
revolving  blade. 

Engine  weight  has  been  reduced  to  the  place  where,  in  the  larger 
sizes,  it  amounts  to  only  1.34  pounds  per  horsepower,  and  in  the  smaller 
sizes,  1.6  pounds  per  horsepower. 

In  regard  to  the  future,  Mr.  Uhlman  pointed  out  that  in  1934  the 
French  had  flown  the  south  Atlantic  seventeen  times,  and  the  Germans 
thirty-two. 
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The  Manitoba  Government  Air  Service,  organized  in  1932,  had 
since  that  date  flown  the  equivalent  of  six  times  around  the  world 
without  a  single  accident  to  passengers  or  personnel. 

The  vote  of  thanks  to  Mr.  Uhlman  proposed  by  D.  L.  McLean, 
A.M.B.i.c,  was  heartily  endorsed  by  all  present. 

Protective  Relays 

On  April  4th,  1935,  H.  L.  Briggs,  a.m.e.i.c,  relay  engineer,  Win- 
nipeg Hydro-Electric  System,  addressed  the  Branch  on  the  subject 
"Protective  Relays,  the  Watch  Dogs  of  a  Power  System." 

The  speaker  emphasized  that  in  spite  of  the  best  of  operation  and 
maintenance  of  an  electric  power  system,  electrical  faults  do  occur. 
Among  the  tables  showing  causes  of  faults  was  the  following,  showing 
the  summary  of  four  years  of  operation  of  495  miles  of  66  kv.  isolated 
neutral  transmission  circuits. 

66,000  Volt  Short  Circuits 

Number  of 

Cause                                                 troubles  Per  cent 

Lightning 22  29.7 

Insulator  failures 10  13.5 

Large  birds 15  20.3 

Sleet 8  10.8 

Miscellaneous 12  16.2 

Unknown 7  9.5 


74 


100.0 


The  function  of  protective  relays  was  to  cause  the  quick  isolation 
of  such  faults,  thereby  limiting  the  damage  at  the  point  of  the  fault, 
and  limiting  the  effects  on  the  remainder  of  the  power  system.  A 
number  of  principles  of  relay  operation  were  described,  and  several 
schemes  illustrated  whereby  difficult  protection  problems  on  the  66  kv. 
system  of  the  Hydro  were  solved. 

Where  the  question  of  electrical  stability  between  power  plants  or 
loads  was  concerned,  the  tremendous  economic  importance  of  high  speed 
clearance  of  faults  was  exemplified.  A  number  of  slides  showing  modem 
high  speed  (less  than  1/30  second  to  operate)  relays  of  various  types 
were  shown. 

The  vote  of  thanks  to  the  speaker  was  tendered  by  Dean  E.  P. 
Featherstonhaugh,  m.e.i.c,  after  which  all  present  enjoyed  cake  and 
coffee. 

1935  Annual  Meeting  of  the  Canadian  Institute  of 
Mining  and  Metallurgy  at  Winnipeg 

The  Engineering  Institute  of  Canada  was  represented  at  the  annual 
meeting  of  the  Canadian  Institute  of  Mining  and  Metallurgy  held  at 
Winnipeg  on  March  12th,  13th  and  14th,  1935,  by  E.  V.  Caton,  m.e.i.c, 
vice-president  of  The  Institute,  and  Fred  V.  Seibert,  m.e.i.c,  chairman 
of  the  Winnipeg  Branch,  and  a  large  number  of  the  local  members  of 
The  Institute.  Many  papers  of  interest  to  members  of  The  Institute 
were  delivered. 

The  announcement  of  the  presentation  of  the  Leonard  Medal  to 
D.  E.  Keeley,  Mclntyre-Porcupine  Mines,  Schumacher,  Ont.,  was  also 
made.  This  medal  was  awarded  by  the  late  Colonel  R.  W.  Leonard, 
m.e.i.c,  past-president  of  The  Institute,  for  the  best  paper  pubhshed 
in  the  transactions  of  either  The  Engineering  Institute  of  Canada  or 
the  Canadian  Institute  of  Mining  and  Metallurgy,  by  a  member  of 
either  organization.  The  subject  of  Mr.  Keeley's  paper  was  "Guniting 
at  the  Mclntyre." 

Errata 

Errata  in  the  discussion  on  "The  English  Bay  Interceptor,  Van- 
couver," by  G.  M.  Gilbert,  a.m.e.i.c,  which  appeared  in  the  March 
1935  issue  of  The  Journal:  In  the  discussion  by  J.  M.  Begg,  m.e.i.c, 
instead  of  "design  was  based  on  an  estimate  of  the  flow  of  sewage  for 
the  maximum  hour  of  the  minimum  day"  read  "the  maximum  hour 
of  the  maximum  day"  and  instead  of  "in  the  repair  shop"  read  "in  the 
repair  work." 

In  the  review  of  "An  Introduction  to  Structural  Theory  and 
Design"  by  Sutherland  and  Bowman,  published  by  John  Wiley  and 
Sons,  appearing  on  page  237  of  the  April  issue  of  The  Journal,  the 
phrase  appearing  in  the  fifth  paragraph  as  "With  the  Cross  method 
of  moment  distribution  now  available,  which  greatly  simplified  the 
layout,"  should  read  "With  the  Cross  method  of  moment  distribution 
now  available,  which  greatly  simplified  the  labour." 


R.  S.  Stockton,  m.e.i.c.  Superintendent,  Operation  and  Mainte- 
nance, Western  Section,  Irrigation  System,  Canadian  Pacific  Railway 
Department  of  Natural  Resoures,  Strathmore,  Alta.,  was  stated 
incorrectly  on  page  231  of  the  April,  1935,  issue  of  The  Journal,  to  be 
manager  of  the  Canadian  Pacific  Railway  Experimental  Farm  at 
Strathmore. 


Annual  Meeting,  Corporation  of  Professional 
Engineers  of  the  Province  of  Quebec 

Dr.  A.  R.  Decary,  m.e.i.c,  superintendent  engineer  for  the  Province 
of  Quebec  in  the  Department  of  Public  Works  of  Canada,  was  re-elected 
president  of  the  Corporation  of  Professional  Engineers  of  Quebec  for 
the  sixteenth  time  on  Wednesday,  March  27th,  1935,  at  the  annual 
meeting  of  the  Corporation  held  at  the  Headquarters  of  The  En- 
gineering Institute  of  Canada,  Montreal. 

The  reports  of  Council  and  of  the  various  committees  showed  great 
activity  within  the  Corporation. 

The  report  of  Council  mentions  that  the  Corporation  has  succeeded 
in  having  certain  laws  amended  at  the  last  session  of  the  Quebec  Legisla- 
ture, i.e.,  the  Stationary  Enginemen's  Act,  the  Quebec  Mining  Act,  the 
Quebec  Insurance  Companies  Act  respecting  adjustment  of  claims. 

The  Committee  on  Affiliation  with  The  Engineering  Institute  of 
Canada  reported  that  the  Corporation  is  ready  and  willing  to  co-operate 
immediately  with  the  other  provincial  engineering  organizations  in  an 
attempt  to  develop  with  The  Engineering  Institute  a  suitable  and 
adequate  basis  of  co-ordination  of  the  engineering  profession  in  the 
Dominion,  and  that  the  lines  along  which  such  co-ordination  should 
proceed  should  be  generally  similar  to  those  which  have  governed  the 
rrganization  of  sister  professions  in  Canada. 

The  Committee  on  Publicity  recommended  that  special  attention 
be  given  to  publicity  relating  to  the  usefulness  and  the  importance  of 
the  engineering  profession  to  the  public. 

The  committee  nominated  to  study  the  proposed  N.R.A.  Code  for 
engineers  of  the  United  States  considered  that  said  code  covers  the 
complete  field  of  the  practice  of  engineering  in  a  most  comprehensive 
and  practical  manner,  and  suggested  that  the  by-laws  and  code  of 
ethics  of  the  Corporation  be  altered  along  the  lines  of  the  N.R.A. 
code  wherever  possible. 

Immediately  after  the  meeting  the  Council  met  and  elected  the 
following  officers:  President,  Dr.  A.  R.  Decary,  m.e.i.c;  vice-president, 
Mr.  J.  M.  Robertson,  m.e.i.c;  Honorary  Secretary-Treasurer,  Mr.  S.  F. 
Rutherford,  a.m.e.i.c  The  other  members  of  Council  are:  Dr.  O.  O. 
Lefebvre,  m.e.i.c.  Colonel  C.  N.  Monsarrat,  m.e.i.c,  and  Messrs. 
A.  B.  Normandin,  m.e.i.c,  Geo.  K.  McDougall,  m.e.i.c,  and  Hector 
Cimon,  m.e.i.c  Mr.  Adhemar  Mailhiot,  m.e.i.c,  was  re-elected 
Registrar  of  the  Corporation. 

List  of  New  and  Revised  British  Standard 
Specifications 

(issued  during  February,  1935) 

B.S.S.  No. 
32 — 1935.  Steel  bars  for  the  Production  of  Machined  Parts  for  General 
Engineering  Purposes.     (Revision.) 

Withdrawal  of  Grade  3 — free  cutting  steel  for  repetition 
work — and  inclusion  of  a  Grade  4  for  rapid  machining  steel 
for  repetition  work  which  has  superior  shock  resistance  to 
the  former  Grade  3. 

140 — 1935.  Liquid  Starters  and  Controllers  for  the   Rotor  Circuits  of 
Induction  Electric  Motors.     (Revision.) 
Provides  for  standard  ratings  and  sizes,  general  features  of 
design    and    construction,    etc.     Includes   appendices   on 
estimation  of  capacity. 

232 — 1935.  Vitreous-Enamelled  Steel  Reflectors  for  Electric  Lighting. 
Open  Dispersive  Type  No.  1.  (Revision.) 
Deals  with  vitreous-enamelled  steel  reflectors  for  direct 
general  lighting  (open  dispersive  type)  which  are  designated 
according  to  the  nominal  consumption  of  the  gas-filled 
lamps  for  which  each  is  suitable. 

587 — 1935.  Motor  Starters  and  Controllers  (Excluding  Liquid  Starters  and 
Controllers  and  Single-Phase  A.C.  Models). 
Revised   specification,    which   supersedes   the   undermen- 
tioned, provides  for  standard  ratings  and  sizes,  etc.,  and 
includes  detailed  appendices  on  terminal  markings. 
(Superseded  B.S.S.  Nos.  :— 

117—1923.  Drum  Starters;  118—1923.  Drum  Controllers 
and  Resistances;  123 — 1923.  Face-Plate  Controllers  and 
Resistances;  129 — 1923.  Contactor  Controllers  and  Resis- 
tances; 141—1923.  Switch  Starters;  147—1923.  Multiple 
Switch  Starters;  155—1923.  Contactor  Starters;  167— 
1923.  Auto-Transformer  Starters;  246—1927.  Face-plate 
Starters  (D.C.);  247—1927.    Face-plate  Rotor  Starters.) 

588 — 1935.  Grading  of  Plywood  (Veneered  with  Oak,  Mahogany,  Walnut, 
Teak  and  other  Ornamental  Woods). 

This  standard  forms  the  second  of  a  series  for  commercial 
plywoods  and  includes  definitions,  general  clauses  and  four 
simple  grades. 

589 — 1935.  Nomenclature  of  Softwoods  (Including  Botanical  Species  and 
Sources  of  Supply). 

Includes  over  seventy  (70)  trade  names  as  well  as  botanical 
country  of  origin  and  synonyms  in  common  use. 

Obtainable  from  the  British  Standards  Institution,  Publicatiors 
Department,  28,  Victoria  Street,  S.W.I,  and  from  Canadian  Engineer- 
ing Standards  Association,  Sussex  Street,  Ottawa,  Ont. 
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The  Laws  of  a  Mass  of  Clay  Under  Pressure 

M.  A.  Ravenor,  M.E.I.C,  M.  Inst.C.E. 

Abstract  from  Sessional  Notice  No.  3,  February,  1935,  of  the 

Institution  of  Civil  Engineers. 

Reprinted  by  Permission 

Engineers  have  been  in  the  habit  of  referring  to  the  capacity  of  a 
soil  to  carry  so  many  tons  per  unit  area  without  regard  to  the  correspond- 
ing amount  of  settlement,  whereas  it  is  an  accepted  principle  in  the 
testing  of  engineering  materials  that  stress  is  accompanied  by  a  cor- 
responding deformation.  A  knowledge  of  the  behaviour  of  clay  under 
pressure  would  permit  greater  loads  to  be  used.  Millions  of  pounds 
are  expended  annually  upon  the  foundations  of  all  kinds  of  structures, 
a  considerable  part  of  that  cost  being  incurred,  of  necessity,  to  allow 
for  the  uncertainty  of  design  due  to  an  almost  entire  lack  of  knowledge 
of  the  subject. 

The  author  has  made  a  prolonged  study  of  the  problem  of  a  large 
mass  of  clay  subjected  to  the  pressure  of  a  finite  area;  he  has  conducted 
a  large  number  of  tests  on  clay,  and  has  been  able  to  reconcile  their 
results  with  the  actual  settlement  of  structures  erected  in  the  same  clay. 
The  laws  which  have  been  deduced  from  the  tests  confirm  experiments 
which  have  been  made  by  other  investigators.  In  particular,  the 
author's  law  of  induration  not  only  fills  the  gap  between  Professor 
Rankine's  and  Mr.  A.  L.  Bell's*  formulae,  but  it  gives  the  intensity 
of  the  load  in  terms  of  settlement,  and,  indirectly,  in  terms  of  depth 
and  water  content.  The  large  divergence  from  Rankine's  formula  is 
shown  to  be  due  mainly  to  compression  or  induration  of  the  material. 
In  other  respects  the  author  confirms  the  work  of  Professors  Ackerman 
and  Terzaghi,  Dr.  Faber,  and  others,  which  gives  added  confidence 
and  assists  in  co-ordinating  the  stages  through  which  a  mass  of  clay 
under  pressure  passes. 

It  is  an  accepted  principle  that  the  testing  of  an  engineering 
material  should  emulate,  as  closely  as  possible,  the  conditions  to  which 
it  is  subjected  in  use.  For  this  reason  it  is  considered  that  the  most 
reliable  method  of  testing  the  resistance  of  clay  is  by  the  slow  penetra- 
tion of  a  loaded  plunger. 

Earlier  experimenters  have,  generally  speaking,  aimed  at  the 
discovery  of  a  single  law  which  clay  under  pressure  would  obey;  no 
previous  investigator  appears  to  have  found  that  clay  under  test 
passes  through  the  elastic,  ductile  and  plastic  stages,  although  it  should 
be  stated  that  such  an  analogy  has  been  suggested,  but  the  author 
shows  that  the  analogy  of  clay  and  such  metals  as  steel,  copper,  etc., 
is  striking.  He  attributes  his  more  satisfactory  results  largely  to  the 
development  of  a  method  of  testing  explained  in  the  paper,  which 
measures  the  reaction  of  a  mass  of  clay  to  the  pressure  of  a  finite  area 
more  accurately  than  has  been  possible  hitherto. 

From  the  foundation-engineer's  viewpoint,  clay  should  be  con- 
sidered as  a  porous,  permeable  and  compressible  mass,  composed  of 
fine  grains  of  clay  matter  which  are  surrounded  by  a  "lubricant"  con- 
sisting of  water  and  colloid  matter;  its  physical  properties  are  thus 
remote  from  those  of  the  ideal  material  assumed  by  Rankine.  Mr. 
Berridge*  has  pointed  out  that  clay  has  a  maximum  water-content 
consistent  with  the  pressure  and  with  its  colloid-content.  The  prin- 
cipal effect  of  extraneous  pressure  is  to  change  its  physical  properties 
within  a  limiting  zone. 

Law  of  Induration. — When  an  extensive  mass  of  clay  whose  resist- 
ance to  compression  is  less  than  its  resistance  to  motion  is  subjected  to 
the  pressure  of  a  finite  area,  the  material  undergoes  physical  changes 
comprising  the  process  of  induration,  and  resulting  in  a  change  in 
water  content,  compression  (closer  aggregation  of  grains),  a  change 
in  texture,  and  an  increase  in  strength  (cohesion).  The  direct  result 
of  these  changes  is  the  development  of  a  compressed  area  or  "bulb" 
whose  effective  area  increases  towards  a  maximum  with  increase  of 
pressure.  From  a  large  number  of  tests  made  by  the  author  and 
also  by  other  investigators,  the  relation  of  load  and  deformation, 
during  this  stage,  is  found  to  be  represented  by  the  equation : 


(^  +  ')' 


where  C  denotes  the  deformation  or  settlement  of  the  loaded  area  in  ins. 
P      "        the  intensity  of  the  load  in  lbs.  per  sq.  ft. 
/       "        a  constant,  representing  elastic  deformation  in  ins. 
m      "        a  coefficient  which  depends  for  its  value  upon  the  water- 
content  and  extent  of  the  area  as  described. 

The  author  investigated  the  process  of  induration  described  by  an 
examination  and  analysis  of  material  after  conducting  tests  which 
showed  the  physical  changes  referred  to.  Dr.  Faber's'  demonstration 
of  a  maximum  stress  at  the  outer  edge  of  the  loaded  area  is  consistent 
with  the  formation  of  the  bulb  described,  and  comparative  results  are 
given. 

The  influence  of  water-content  is  dealt  with,  also  the  effect  of 
varying  load-increment  and  of  different  areas  experimented  upon  up 
ta  10  inches  diameter  and  at  depths  up  to  15  feet.  For  a  constant  settle- 
ment the  general  equation  given  above  becomes  a  straight-line  law 
connecting  the  load  and  the  area,  as  already  shown  by  Mr.  W.  S. 
Housel.* 

A  comparison  is  made  with  Rankine's  and  Bell's  formulae.  By 
assuming  a  constant  settlement  for  a  given  area,  the  general  equation 
becomes  a  linear  relation  between  load  and  depth,  as  shown  by  Mr. 


BeU's  formula,  but  the  location  of  this  straight  line  in  relation  to  the 
axes  is  shown  to  vary  according  to  the  amount  of  settlement  assumed. 
Rankine's  formula  may  be  said  to  be  based  on  the  hydraulic  analogy, 
and  it  can  be  shown  that  the  only  difference  between  his  formula  and 
Bell's  is  in  the  intercept  on  the  load  axis.  In  dealing  with  a  com- 
pressible material  it  will  be  appreciated  that  its  resistance  to  com- 
pression may  be  less  than  its  resistance  to  motion  or  displacement,  and 
in  the  case  of  clay  this  is  always  so  until  the  condition  of  a  liquid  mud 
is  approached.  For  an  infinite  area,  however,  the  resistance  of  clay 
to  compression  cannot  be  less  than  that  represented  by  its  unit  weight 
multiplied  by  the  depth,  as  the  material  will  have  been  compressed 
by  its  own  superincumbent  weight. 

The  relation  of  test  results  to  the  settlement  of  structures  erected 
in  the  same  clay  is  shown;  the  author  considers  that  it  is  now  possible, 
by  making  tests  at  the  site  of  the  proposed  works,  to  determine  with 
reasonable  certainty  the  permissible  load  corresponding  to  a  given 
settlement. 

^Minutes  of  Proceedings  Inst.  C.E.,  vol.  cxcix,  pp.  233  et  seq. 

^Engineering,  July,  1930,  p.  5. 

'Journ.  Inst.  Struct.  Engrs.,  p.  116,  vol.  xi  (1933). 

*Dept.  of  Research,  University  of  Michigan  October,  1929. 

Submergible  Road  Bridge  Near  Jubbulpore,  India 

This  bridge  over  the  Nerbudda  replaces  a  ferry  in  the  rains  and 
a  temporary  wooden  erection  for  the  rest  of  the  year,  and  has  at  last 
made  possible  practically  uninterrupted  road  communication  between 
Nagpur  and  Jubbulpore.  Ever  since  the  British  occupation  of  this 
part  of  India,  this  road,  165  miles  long,  has  been  of  outstanding  im- 
portance for  both  the  civil  and  military  administrations,  and  it  was 
macadamized  throughout  at  an  early  date,  every  river  and  stream 
being  bridged,  except  the  Nerbudda.  The  serious  technical  difficulties 
involved  in  bridging  this  river  prevented  the  work  being  undertaken 
tmtil  quite  recently.  Ultimately,  a  design  for  a  submergible  bridge, 
a  type  largely  developed  in  the  central  provinces,  was  made,  and  work 
was  started  in  February,  1929. 

The  type  of  bridge  adopted  is  called  submergible  because  it  is 
definitely  designed  to  be  overtopped,  without  suffering  any  serious 
damage,  by  the  occasional  very  high  flood,  such  as  that  in  1926,  which 
completely  washed  away  both  the  adjacent  railway  bridges,  but  it 
will  pass  all  but  the  highest  floods  of  a  normal  season.  This  type  is 
thus  more  economical  than  a  high-level  bridge  for  rivers  subject  to 
such  extremely  high  floods  as  the  Nerbudda,  the  maximum  flood  rise 
of  which  is  78  feet.  Although,  being  built  deliberately  to  allow  the 
highest  of  the  annual,  as  well  as  the  exceptional,  floods  to  pass  over 
them,  such  bridges  have  to  be  extremely  massive  in  construction  to 
withstand  uplift,  overturning  and  the  buffeting  from  huge  logs  brought 
down  in  flood-time,  nevertheless  they  effect  a  considerable  saving  of 
cost,  even  over  a  high-level  bridge  of  much  lighter  construction,  owing 
to  the  reduced  height  of  piers,  abutments  and  approach  banking. 
There  is  the  further  extremely  important  advantage  that,  if  the  bridge 
has  been  correctly  designed  and  properly  constructed,  it  will  reappear 
undamaged,  or  at  worst  but  slightly  damaged,  after  submergence  by 
any  flood,  however  exceptional,  whereas  a  high-level  bridge,  if  over- 
topped, is  almost  certain  to  be  completely  destroyed. 

The  determination  of  the  formation-level,  to  give  the  most  useful 
service  and  yet  permit  of  the  greatest  economy,  is  effected  by  keeping 
a  record  over  a  series  of  years  of  the  rise  and  fall  of  the  river  at  the  site 
selected.  These  records,  when  plotted,  make  it  possible  to  choose  a 
formation-level  which  will  ensure  that  in  a  normal  year  the  bridge 
is  only  overtopped  on  some  three  or  four  occasions  during  the  mon- 
soon, and  for  a  maximum  period  at  any  one  occasion  of  about  twenty- 
four  hours  only.  In  this  case,  the  formation-level  actually  selected 
was  40  feet  above  the  lowest  bed-level  of  the  river. 

The  bridge  consists  of  eight  arches  of  46-foot  clear  span,  five  at 
one  end  and  three  at  the  other,  and  six  spans  of  98  feet  in  the  central 
length;  including  abutments  and  wings,  the  overall  length  is  1,222  feet. 
The  roadway  is  21  feet  wide,  paved  with  blocks  of  hard  red  sandstone, 
and  traffic  is  protected  by  a  special  form  of  collapsible  railing,  which 
can  be  rapidly  let  down  into  slots  in  the  bed  of  the  roadway,  so  as  to 
avoid  damage  in  a  high  flood.  This  paved  roadway  is  level  over  the 
central  length  of  the  bridge,  and  has  a  slope  of  1  in  25  at  each  end  to 
conform  with  the  slope  of  the  approach  cutting.  The  lengths  between 
the  level  and  sloping  portions  follow  carefully  calculated  vertical 
curves  to  ensure  fast  traffic  passing  without  any  jolt. 

The  piers,  except  three  at  the  centre,  are  of  stone  masonry  with  a 
concrete  hearting,  founded  on  rock.  The  three  central  piers  are  similar, 
but  are  founded  on  a  reinforced-concrete  slab  2  feet  thick,  supported 
by  forty-six  reinforced-concrete  piles,  14  inches  square,  driven  to  an 
average  penetration  of  18  inches  into  rock.  AH  the  piers  had  twelve 
steel  90-pound  rails  embedded  in  them  from  rock-level  (or  slab-level 
in  the  case  of  those  on  pile  foundations)  up  to  well  into  the  arches, 
to  the  reinforcement  of  which  they  were  tied,  making  the  whole  bridge 
effectively  monoUthic  in  its  resistance  to  buoyancy  and  overturning.^ — 
Mr.  A.  W.  H.  Dean  in  Engineering. 

The  Dominion  Bridge  Company  Limited  have  completed  arrange- 
ments with  The  Wellman  Engineering  Company  of  Cleveland  giving 
the  Dominion  Bridge  Company  Limited  rights  for  the  manufacture 
and  sale  of  "Williams"  buckets  in  Canada. 
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Preliminary   Notice 

of  Applications  for  Admission  and  for  Transfer 


April  29th,  1935 

The  By-laws  provide  that  the  Council  of  The  Institute  shall 
approve,  classify  and  elect  candidates  to  membership  and  transfer 
from  one  grade  of  membership  to  a  higher. 

It  is  also  provided  that  there  shall  be  issued  to  all  corporate 
members  a  list  of  the  new  applicants  for  admission  and  for  transfer, 
containing  a  concise  statement  of  the  record  of  each  applicant  and 
the  names  of  his  references. 

In  order  that  the  Council  may  determine  justly  the  eligibility 
of  each  candidate,  every  member  is  asked  to  read  carefully  the  list 
submitted  herewith  and  to  report  promptly  to  the  Secretary  any  facts 
which  may  affect  the  classification  and  selection  of  any  of  the  candidates. 
In  cases  where  the  professional  career  of  an  applicant  is  known  to  any 
member,  such  member  is  specially  invited  to  make  a  definite  recom- 
mendation as  to  the  proper  classification  of  the  candidate.* 

If  to  your  knowledge  facts  exist  which  are  derogatory  to  the 
personal  reputation  of  any  applicant,  they  should  be  promptly  com- 
municated. 

Communications  relating  to  applicants  are  considered  by 
the  Council  as  strictly  confidential. 


The  Council  will  consider  the  applications  herein  described  in 
June,  1935. 

R.  J.  DuRLET,  Secretary. 


The  professional  requirements  are  as  follows. — 

A  Member  shall  be  at  least  thirty-five  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  twelve  years,  which  period  may  include 
apprenticeship  or  pupilage  in  a  qualified  engineer's  office,  or  a  term  of  instruction  in  a 
school  of  engmeermg  recognized  by  the  Council.  The  term  of  twelve  years  may,  at 
the  discretion  of  the  Council,  be  reduced  to  ten  years  in  the  case  of  a  candidate  for 
election  who  has  graduated  from  a  school  of  engineering  recognized  by  the  Council. 
In  every  case  the  candidate  shall  have  held  a  position  in  which  he  had  responsible 
charge  for  at  least  five  years  as  an  engineer  qualified  to  design,  direct  or  report  on 
engineering  projects.  The  occupancy  of  a  chair  as  a  professor  in  a  faculty  of  applied 
science  of  engineering,  after  the  candidate  has  attained  the  age  of  thirty  years,  shall 
be  considered  as  responsible  charge. 

An  Associate  Member  shall  be  at  least  twenty-seven  years  of  age,  and  shall  have 
been  engaged  in  some  branch  of  engineering  for  at  least  six  years,  which  period  may 
include  apprenticeship  or  pupilage  in  a  qualified  engineer's  office  or  a  term  of  instruction 
in  a  school  of  engineering  recognized  by  the  Council.  In  every  case  a  candidate  for 
election  shall  have  held  a  position  of  professional  responsibility,  in  charge  of  work  as 
principal  or  assistant,  for  at  least  two  years.  The  occupancy  of  a  chair  as  an  assistant 
professor  or  associate  professor  in  a  faculty  of  applied  science  of  engineering,  after  the 
candidate  has  attained  the  age  of  twenty-seven  years,  shall  be  considered  as  pro- 
fessional responsibility. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council  shall  be  required  to  pass  an  examination  before  a  board  of  examiners 
appointed  by  the  Council.  The  candidate  shall  be  examined  on  the  theory  and  practice 
of  engineering,  with  special  reference  to  the  branch  of  engineering  in  which  he  has  been 
engaged,  as  set  forth  in  Schedule  C  of  the  Rules  and  Regulations  relating  to  Examina- 
tions for  Admission.  He  must  also  pass  the  examinations  specified  in  Sections  9  and  10, 
if  not  already  passed,  or  else  present  evidence  satisfactory  to  the  examiners  that  he 
has  attained  an  equivalent  standard.  Any  or  all  of  these  examinations  may  be  waived 
at  the  discretion  of  the  Council  if  the  candidate  has  held  a  position  of  professional 
responsibility  for  five  or  more  years. 

A  Junior  shall  be  at  least  twenty-one  years  of  age,  and  shall  have  been  engaged 
in  som»  branch  of  engineering  for  at  least  four  years.  "This  period  may  be  reduced  to 
one  year  at  the  discretion  of  the  Council  if  the  candidate  for  election  has  graduated 
from  a  school  of  engineering  recognized  by  the  Council.  He  shall  not  remain  in  the 
class  of  Junior  after  he  has  attained  the  age  of  thirty-three  years,  unless  in  the  opinion 
of  Council  special  circumstances  warrant  the  extension  of  this  age  limit. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council,  or  has  not  passed  the  examinations  of  the  third  year  in  such  a  course, 
shall  be  required  to  pass  an  examination  in  engineering  science  as  set  forth  in  Schedule  B 
of  the  Rules  and  Regulations  relating  to  Examinations  for  Admission.  He  must  also 
pass  the  examinations  specified  in  Section  10,  if  not  already  passed,  or  else  present 
evidence  satisfactory  to  the  examiners  that  he  has  attained  an  equivalent  standard. 

A  Student  shall  be  at  least  seventeen  years  of  age,  and  shall  present  a  certificate 
of  having  passed  an  examination  equivalent  to  the  final  examination  of  a  high  school, 
or  the  matriculation  of  an  arts  or  science  course  in  a  school  of  engineering  recognized 
by  the  Council. 

He  shall  either  be  pursuing  a  course  of  instruction  in  a  school  of  engineering 
recognized  by  the  Council,  in  which  case  he  shall  not  remain  in  the  class  of  Student  for 
more  than  two  years  after  graduation;  or  he  shall  be  receiving  a  practical  training  in 
the  profession,  in  which  case  he  shall  pass  an  examination  in  such  of  the  subjects  set 
forth  in  Schedule  A  of  the  Rules  and  Regulations  relating  to  Examinations  for  Ad- 
mission as  were  not  included  in  the  high  school  or  matriculation  examination  which 
be  has  already  passed ;  he  shall  not  remain  in  the  class  of  Student  after  he  has  attained 
the  age  of  twenty-seven  years,  unless  in  the  opinion  of  Council  special  circumstances 
warrant  the  extension  of  this  age  limit. 

An  Affiliate  shall  be  one  who  is  not  an  engineer  by  profession  but  whose  pursuits, 
scientific  attainments  or  practical  experience  qualify  him  to  co-operate  with  engineers 
in  the  advancement  of  professional  knowledge. 


The  fact  that  candidates  give  the  names  of  certain  members  as  reference  does 
not  necessarily  mean  that  their  applications  are  endorsed  by  such  members. 


FOR  ADMISSION 

ATTENBOROUGH— ERNEST  ARTHUR,  of  72  East  Lynn  Ave.,  Toronto, 
Ont.,  Born  at  Toronto,  July  13th.  1913;  Educ,  Ontario  Matriculation.  Evening  course, 
app.  mechs.  and  strength  of  materials;  1930  to  date,  tracer,  sewer  dfting.  office,  Dept. 
of  Works,  City  of  Toronto. 

References:  F.  J.  Hancox,  0.  Phelps,  T.  Taylor,  A.  U.  Sanderson,  G.  G.  Powell. 

DAVIS— WILLIAM  ROE.  Jr.,  of  Calgary,  Alta.,  Born  at  Calgary,  June  28th, 
1909;  Educ,  B.Sc.  (E.E.),  Univ.  of  Alta.,  1934;  1928-30,  and  at  present,  asst.  engr., 
Calgary  Power  Co.,  Calgary,  Alta. 

References:  G.  H.  Thompson,  H.  B.  Sherman,  H.  B.  LeBourveau,  H.  J.  MacLeod, 
J.  H.  Ross. 

EVANS— THOMAS  OWEN,  of  St.  Vincent  de  Paul,  Que.,  Born  at  Montreal, 
Jan.  31st,  1905;  Educ,  B.Sc,  McGill  Univ.,  1927;  With  Montreal  Light,  Heat  & 
Power  Cons.,  as  follows:  Summers  1923-24,  and  May  1925  to  Oct.  1926,  at  Cedars 
plant,  floorman,  asst.  operator  and  operator  in  transformer  house.  1927-29,  at  Mont- 
real, ap'tice.  engr.,  operating  and  mtce.  substations;  cable  gang;  layout  work  in 
distribution  dept.;  1930  to  date,  asst.  supt..  Back  River  plant,  Montreal  Island  Power 
Co.,  St.  Vincent  de  Paul,  Que. 

References:  R.  N.  Coke,  G.  P.  Hawley,  L.  H.  Marrotte,  M.  V.  Sauer,  J.  F. 
Roberts. 

HALLE— CHARLES  JULES,  of  61  de  Repentigny,  Quebec,  Que.,  Born  at 
St.  Lambert,  Que.,  July  8th,  1901 ;  Educ,  1923-26,  Ecole  de  G^nie  Civil,  Paris.  R.P.E., 
Quebec,  1927;  1927  to  date,  professor,  Quebec  Technical  School,  maths.,  app.  mechs., 
strength  of  materials,  etc.    Also  consltg.  engr.,  reinforced  concrete  structures. 

References:  A.  Frigon,  P.  Methe,  J.  H.  A.  E.  Drolet,  A.  V.  Dumas. 

HAMILTON— VESEY  COURTHOPE,  of  Exshaw,  Alta.,  Born  at  Sterling,  Ont., 
Jan.  10th,  1903;  Educ,  Grad.,  R.M.C.,  1924;  1924-27,  timber  cruising,  surveying, 
logging,  with  Price  Bros.  &  Co.  Ltd.,  Chicoutimi,  Que.;  1929-30,  supt..  National 
Cement  Co.  Ltd.,  Montreal;  With  Canada  Cement  Co.  Ltd.,  as  follows:  1927-28, 
asst.  engr.,  constrn.,  Lakefield,  Ont.,  1929,  asst.  supt.,  Exshaw,  Alta.,  1930-33,  supt., 
Winnipeg,  1933  to  date,  supt.,  in  charge  of  plant  at  Exshaw,  Alta. 

References:  S.  Barr,  J.  A.  Creaser,  L.  F.  Grant,  F.  B.  Kilbourn,  H.  J.  McLean, 
R.  S.  Trowsdale. 

HUDSON— ARTHUR  MAGENISS,  of  Toronto,  Ont.,  Born  at  Norwich,  Eng- 
.and,  July  11th,  1889;  Educ,  1904-07,  articled  to  Duge  &  Son,  Norwich,  gen.  engrg. 
work,  principally  bldgs.;  1908-09,  levelman,  C.N.R.  constrn.;  1909-10,  levelman, 
Algoma  Eastern  Rly.  constrn.;  1910-12,  foreman  and  supt.,  for  Roger  Miller  &  Sons, 
and  1912-15,  administrative  engrg.  for  same  company;  1915-17,  overseas,  Capt.,  C.E.F.; 
1917-19,  res.  engr.  in  charge  of  aerodrome  constrn.,  British  War  Office;  1920-27, 
suptg.  and  administrative  engr.,  principally  design  and  set-up  of  equipment,  Roger 
Miller  &  Sons;  1927-33,  witli  Canadian  Ingersoll  Rand  Co  ,  specializing  on  the  applica- 
tion of  pneumatic  tools  for  rock-mining  and  general  contract  work;  1934  to  date, 
equipment  engr.,  Dept.  of  Northern  Development,  Ontario  Government,  covering 
equipment  and  its  application  to  road  constrn.,  also  engrg.  costs  of  gen.  mtce. 

References:  G.  W.  Rayner,  E.  L.  Cousins,  F.  R.  Phillips,  T.  F.  Francis,  W.  H. 
Greene,  W.  E.  Bonn. 

KING— JOHN  DAVID,  of  Montreal,  Que.,  Born  at  Chatham,  Ont.,  July  19th, 
1895;  Educ,  B.Sc.  (Loyola  College),  1916.  1916-22,  Faculty  of  Engrg.,  McGill  Univ., 
(did  not  complete  course);  1920,  eleot'l.  work  at  Franklin,  Que.;  1922-28,  radio  and 
electrical  work;  1928-29,  combustion  work,  and  1929-32,  mgr.,  Riley  Engineering 
&  Supply  Co.  in  Quebec;  1932-35,  sales  engr.,  Minneapolis  Honeywell  Regulator  Co., 
Montreal,  Que.;  At  present,  mgr.,  Detroit  Stoker  Company  of  Canada  Ltd.,  Mont- 
real, Que. 

References:  F.  S.  B.  Heward,  F.  A.  Combe,  E.  A.  Ryan,  G.  L.  Wiggs,  A.  Wilson, 
J.  A.  Kearns,  H.  C.  Karn,  D.  F.  Grahame. 

KITCHEN— ISAAC,  of  Raymond,  Alta.,  Born  at  Manchester,  England,  Oct. 
13th,  1896;  Educ,  I.C.S.  elect'l.  engrg.  course;  1913-14,  electrn.'s  helper;  1914-19, 
Canadian  Signals,  C.E.F.;  1919-22,  ap'tice.,  1922-25,  plant  inspr.,  1925-27,  exchange 
sub-foreman,  Alberta  Govt.  Telephones;  1927-28,  elect'l.  contracting,  Medicine  Hat, 
Alta.,  light  and  power  installns.  at  the  Medicine  Hat  Brick  &  Tile  Co.,  Mid-Alta. 
Potteries,  Ltd.,  Alberta  Clay  Products,  Ltd.,  Ogilvie  Milling  Co.  Ltd.;  1929,  erection 
dept.,  Can.  Gen.  Elec  Co.,  switchboard  installns.  at  the  East  Kootenay  Power  Co.'s 
plant  at  Sentinal.  B.C.,  and  Citv  of  Nelson  plant  at  Bonnington  Falls.  Motor 
installn.,  Manitoba  Rolling  Mills,  Calgary;  1929-32,  chief  electrn.,  Manitoba 
Rolling  Mills,  Ltd.,  Calgary;  1933  to  date,  chief  electrn.,  Canadian  Sugar  Factories 
Ltd.,  Raymond,  Que. 

References:  J.  Dow,  R.  S.  Trowsdale,  P.  F.  Peele.  G.  E.  Elkington,  F.  McLeod. 

McINTYRE— WALTER  BAKER,  of  173  Peter  St.,  Port  Arthur,  Ont.,  Born 
at  McCreary,  Man.,  May  9th,  1904;  Educ,  Night  Classes,  Kelvin  Technical  School, 
1920-24.  1925-26,  private  tuition;  with  C.N.R.  as  follows:  1920-27,  chainman,  rod- 
man,  levelman;  1927  to  date,  instr'man.  and  asst.  engr.  In  charge  of  all  field  work 
including  various  location  and  revision  projects,  rebldg.  of  terminal  yards  (1928-29), 
constrn.  of  bldgs.,  water  supply,  etc  In  charge  of  rly.  constrn.  job  lev.  by  contract 
(1929-30). 

References:  H.  A.  Dixon,  W.  T.  Moodie,  W.  Walkden,  E.  R.  Millidge,  J.  W. 
Porter,  V.  C.  Hooper,  G.  H.  Burbidge,  P.  E.  Doncaster. 

NELSON— EDWARD,  of  Edmonton,  Alta.,  Born  at  Teddington,  Middlesex, 
England,  July  26th,  1885;  Educ,  Private  study.  R.P.E.  Alta.;  1914-19,  asst.  and 
transitman  on  Dominion  land  surveys;  1920-23,  senior  engrg.  clerk,  irrigation  divn., 
Dept.  Interior,  Calgary;  1923,  private  surveys,  drainage;  1924  to  date,  engr.  in  charge, 
surveying,  design,  plans,  laying  out,  reports,  statistics,  etc.,  of  natural  gas  properties, 
measurement  of  gas,  for  Northwestern  Utilities  Ltd.,  Edmonton,  Alta. 

References:  R.  S.  L.  Wilson,  C.  E.  Garnett,  F.  J.  Heuperman,  J.  Garrett,  F.  K. 
Beach,  R.  J.  Gibb,  A.  W.  Haddow,  R.  M.  Dingwall. 

ROUSSEAU— GABRIEL  EUGENE,  of  Montreal,  Que.,  Born  at  Montreal, 
April  27th,  1903;  Educ,  3  years,  Ecole  Polytechnique,  Montreal.  B.Sc,  in  Elec. 
Engr.,  Mass.  Inst.  Tech.,  1925;  1920-25,  summer  work  with  the  Montmagny  Power 
Co.,  and  1925-26,  engr.  with  same  company;  1926-27,  engr.,  Electrical  Mfg.  Co.  Ltd.; 
1927-29,  asst.  supt.,  A.  Belanger  Ltee.;  1929-34,  professor,  Montreal  Technical  School; 
1931  to  date,  asst.  to  the  Director  General  of  Technical  Education,  Province  of  Quebec, 
and  from  1934  to  date,  also  lecturer  and  asst.  to  the  Dean,  Ecole  Polytechnique, 
Montreal,  Que. 

References:  A.  Frigon,  J.  T.  Lafreniere,  J.  A.  Lalonde,  A.  Duperron,  V.  Toupin. 

SHAW— PHILIP,  of  Prince  Albert,  Sask.,  Born  at  Huddersfield,  England,  May 
1st,  1895;  Educ,  Private  tuition.  B.C.  Land  Surveyor;  1919-22,  articled  pupil,  and 
1920-24,  instr'man.  and  junior  engr.  on  irrigation  and  reservoir  surveys  and  constrn., 
F.  W.  Groves,  m.e.i.c,  and  G.  Stirling,  m.e.i.c,  Kelowna,  B.C.  1925-31,  junior  engr., 
and  1931  to  date,  asst.  engr.,  highway  constrn.,  National  Parks  of  Canada,  Dept.  of 
the  Interior,  Prince  Albert,  Sask. 

References:  F.  W.  Groves,  G.  Stirling,  J.  M.  Wardle,  J.  N.  Stinaon. 
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SHELDEX— WILLIAM  LESLIE,  of  460  Avenue  Road,  Toronto,  Ont.,  Born 
at  Melbourne,  Australia,  April  30th,  1898;  Educ,  ie20-23  (full  day  course).  Working 
Men's  College  of  Melbourne,  Australia.  Diploma  Elect'l.  and  Mech'l.  Engrg.  Granted 
certificate  as  "Associate"  1923;  1923-26  (night  course),  mech'l.  engrg.,  Carnegie 
Institute  of  Technology,  Pittsburgh,  Pa.;  1917-19,  Signal  Engrs.,  Australian  Imperial 
Forces;  1923-26,  dftsman.  and  some  design,  control  engrg.  dept.,  Westinghouse  Elec. 
&  Mfg.  Co.,  E.  Pittsburgh;  1926  (3  mos.),  dfting.,  pipe  layout  and  design,  The  Koppers 
Co.,  Pittsburgh  (coal  by-product  equipment);  1926  (3  mos),  design  and  layout  of 
heating  and  ventilation,  H.  H.  Angus,  Consltg.  Engr.,  Toronto;  1926-29,  design  and 
layout  of  hydro-electric  and  steam  power  plants  for  Brazil  and  Mexico,  also  1929. 
engr.  on  design  and  specification,  Canadian  and  General  Finance  Co.,  Toronto;  1931 
to  date,  designing  engr.,  water  supply  section,  Dept.  of  Works,  City  of  Toronto. 

References:  A.  U.  Sanderson,  T.  Taylor,  J.  F.  MacLaren,  R.  L.  Hearn,  H.  L. 
Dowling,  J.  A.  Langford,  A.  Roberts. 

SIMPSON— FREDERICK  CRESWELL,  of  7  Idyllwood  Crescent,  Toronto, 
Ont.,  Born  at  Aberdeen,  Scotland,  May  9th,  1897;  Educ,  1919-20,  Robert  Gordon 
Technical  College,  Aberdeen,  Scotland;  1913-14,  commenced  ap'ticeship  with  Pratt 
&  Keith,  Aberdeen;  1914-15,  elect'l.  work  in  Niagara  Falls,  Ont.;  1915-19,  overseas, 
C.E.F. ;  1921-22,  with  Herbert  Morris  Crane  &  Hoist  Co.  Ltd.,  as  field  engr.  in  western 
Ontario  with  responsibility  for  field  measurements,  layouts,  recommendations,  and 
supervision  of  complete  installns.;  1922-23,  elect'l.  work  in  partnership  with  brother; 
1924  to  date,  returned  to  Herbert  Morris  Crane  &  Hoist  Co.  Ltd.,  taking  responsibilit.v 
for  a  much  larger  territory  extending  to  the  province  of  Quebec  and  covering  both 
Ontario  and  Quebec. 

References:  J.  L.  Miller,  F.  L.  Haviland,  C.  G.  Porter,  J.  B.  Candlish,  G.  E. 
Newill. 

TIMMINS— WILBUR  W.,  of  Montreal,  Que.,  Born  at  Everett,  Ont.,  Oct.  30th, 
1899;  Educ,  B.A.Sc,  Univ.  of  Toronto,  1923;  1923-24,  dfting.  and  designing,  and 
1925-27,  res.  engr.  in  charge  of  constrn.,  James,  Proctor  &  Redfern,  Toronto;  1927-28, 
engrg.  dept..  at  Chicago,  Curtis  Lighting  Inc.,  and  1928-34,  representative  for  Province 
of  Quebec  for  same  company  (later  Curtis  Lighting  of  Canada);  1934  to  date,  in 
business  for  self  as  manufacturers'  agent. 

References:  G.  L.  Wiggs,  E.  A.  Ryan,  F.  J.  Friedman,  H.  G.  Thompson,  W.  J. 
Armstrong,  J.  A.  Kearns,  F.  S.  B.  Heward. 

FOR  TRANSFER  FROM  THE  CLASS  OF  ASSOCIATE  MEMBER  TO  THAI 
OF  MEMBER 

CROSS— EDGAR  ALGERNON,  of  25  Ferndale  Ave.,  Toronto,  Ont.,  Born  at 
Petersfield,  Hants.,  England,  April  7th,  1889;  Educ,  B.Sc  (Civil),  Birmingham 
Univ.,  1909,  1910-15,  asst  engr.,  Birmingham,  England,  canal  navigations,  surveys, 
designs  for  canal  works  damaged  by  mining  operations;  1915-17,  attached  to  special 
brigade,  Royal  Engrs.,  France;  1917-19,  research  engr..  Royal  Arsenal,  Woolwich; 
1919-20,  chief  asst.  engr.,  Birmingham,  canal  navigations;  1920-22,  supt.  of  constrn. 
on  following  works  for  I..  W.  Stoddart,  architect.  New  York  City — mica  insulating 
factory,  Schenectady,  Hotel  Sheraton,  High  Point,  N C,  Lycoming  Hotel,  Williams- 
port,  Pa.;  1922-27,  struct'l.  engr.,  Albert  Kahn,  Detroit,  Mich.,  design  of  reinforced 
concrete  and  struct'l.  steel  bldgs.,  industrial  plants,  etc.;  1927-30,  struct'l.  engr.. 
Chapman  &  Oxley,  Toronto,  struct'l.  design  for  Robert  Simpson  stores,  Toronto  and 


Montreal,  and  Yardley  Bldg.,  Toronto;  1930  to  date,  consltg.  struct'l.  engx.,  private 
practice,  structural  designs,  appraisals,  reports,  Toronto,  Ont.     (A.M.  19S6.) 

References:  A.  L.  Birrell,  R.  A.  Crysler,  J.  Hole,  J.  M.  Oxley,  R.  E.  Smythe. 

GARRETT— JULIAN,  of  Edmonton,  Alta.,  Born  at  Hyde  Park,  Mass.,  Jan 
8th,  1883;  Educ,  1900-04,  Harvard  College  and  Lawrence  Scientific  School  (A.B.); 
190,3-04,  asst.  instructor.  Harvard  engrg.  camp;  1905,  instr'man.,  Norwood,  Canton 
&  Sharon  Street  Rly  :  1905-06,  instr'man.,  G.T.P.Ry.;  1906,  asst.  engr.,  St  Louis 
Terminal  Rly.  Assn.;  1906-11,  res.  engr.,  G.T.P.Ry.;  1924-28,  sec.  treas.,  in  charge 
of  operation  during  absence  of  president,  and  from  1928  to  date,  manager  (in  charge 
of  operation  of  entire  natural  gas  system).  Northwestern  Utilities  Ltd.,  Edmonton, 
Alta.      (A.M.  1907.) 

References:  H.  J  MacLeod,  A.  W.  Haddow,  R.  W.  Ross,  C.  E.  Garnett,  F.  K. 
Beach. 

FOR  TRANSFER  FROM  THE  CLASS  OF  JUNIOR 

SHUTTLEWOHTH— WILBUR  IRVIN,  of  192  James  St.,  Ottawa,  Ont.,  Born 
at  Ottawa,  Oct.  4th,  1901;  Educ,  Passed  Institute's  exams.  Schedule  "B"  (1932)  and 
Schedule  "C"  (1933);  1922-26,  instr'man  and  asst.  engr..  Geodetic  Survey;  1926-27, 
instr'man.,  Gatineau  Power  Co.;  1929  (Apr.-Sept.),  res.  engr..  Foundation  Co.,  at 
Dalhousie,  N.B.;  1929-30,  engr.  on  addition  to  ground  wood  mill  and  hydraulic  plant 
for  Jas.  MacLaren  Co.,  Buckingham,  Que.;  1930-31,  engr.  at  Lucerne  in  Quebec,  on 
hotel  and  bldgs  ,  also  water  main,  dam  and  pumping  station;  1931  (Aug.-Dec),  engr. 
at  Masson,  for  Foundation  Co.;  1932  (June-Dec), engr.  forL.  G.  Ogilvie  Co.,  on  a  high 
school  in  Verdun,  Que.;  Nov.  1933  to  date,  instr'man.,  sewer  branch,  engrg.  dept.. 
City  of  Ottawa.  Giving  line  and  grade  for  all  open  cut  sewers,  checking  line  and 
grade  in  tunnels,  also  some  dfting.      (Jr.  1932.) 

References:  W.  F.  M.  Bryce,  B.  R.  Perry,  D.  DeL.  French,  H.  V.  Serson,  W  E 
Blue,  D.  McMillan,  J.  H.  Irvine,  N.  J.  Ogilvie,  C.  D.  Wight,  F.  B.  Reid. 

FOR  TRANSFER  FROM  THE  CLASS  OF  STUDENT 

BUTLER— HOWARD  CLAUDE,  of  621  Milton  St.,  Montreal,  Que  ,  Born  at 
Ottawa,  Ont.,  March  4th,  1906;  Educ.  B.Sc  (Mech.),  McGill  Univ.,  1930;  Summer 
work  while  attending  McGill:  telegraph  line  constrn.,  C.P.R.,  rodman  and  dftsman., 
C.P.R.,  Ottawa  divn.;  1930-31,  engrg.  dftsman.,  and  later  asst.  to  plant  engr.,  and 
from  1932  to  date,  asst.  to  chief  engr..  Dominion  Rubber  Co.  Ltd..  Montreal  Oue 
(Si.  1930.)  '  ^      ■ 

References;  R.  Ford,  J.  L.  Busfield,  E.  R.  Smallhorn,  C.  O.  Thomas,  W.  W. 
Benny. 

SEELY— WALLACE  ERROL,  of  Montreal,  Que.,  Born  at  Saint  John  N  B 
March  19th,  1906;  Educ,  B.Sc.  (C.E.),  Univ.  of  N.B.,  1930;  1926-27-28,  (summers)', 
chainman  on  govt,  property  line  survey,  compassman,  lumber  survey,  winder,  C.G.E  ' 
Grand  Falls,  N.B.;  1929  (June-Nov.),  concrete  inspr.,  James  MacLaren  Co.,  Bucking- 
ham, Que.;  1930,  struct'l.  detailer.  Dominion  Bridge  Co,  Lachine;  1930-31,  bldg 
inspr.,  C.N.R.,  Montreal;  1931,  pile  inspr.  and  sheet  steel  estimator.  Saint  John 
Harbour  reconstrn.;  1934  (July-Nov.),  chemical  operator,  Canadian  Industries  Ltd 
Shawinigan  Falls,  Que.;  1934-35,  elect'!,  helper,  Fraser-Brace  Co.  Ltd  .  Shawinieaii 
Falls,  Que.     (St.  1929.) 

References:  J.  Stephens,  E.  O.  Turner,  J.  A.  W.  Waring,  W.  J.  Johnston,  A  F 
Baird. 


Glare  from  Motor-Car  Headlights 

A  frequent  cause  of  accident,  not  only  to  those  most  intimately 
concerned  but  to  other  road  users,  is  glare  from  the  headlights  of  one 
car  dazzling  the  driver  of  another  coming  in  the  opposite  direction. 
This  risk  is  not  removed  by  extinguishing  the  headlights  of  one  or 
both  cars  and,  though  many  anti-dazzle  devices  have  been  proposed, 
their  relative  efficiency  yet  remains  to  be  determined.  This  arises 
from  the  fact  that  glare  is  due  to  a  variety  of  causes;  and  that  any 
attempt  to  assess  the  efficiency  of  a  proposed  system  by  direct  trial 
is  greatly  hampered  by  their  interplay  under  practical  conditions.  It 
is  therefore  primarily  necessary  to  make  a  scientific  analysis  of  these 
contributory  factors. 

A  report,  recently  issued  by  the  Department  of  Scientific  and 
Industrial  Research,  is  intended  to  provide  one  way  of  making  such 
approach.  It  defines  glare  as  being  the  reduction  in  the  driver's  power 
to  detect  objects  ahead  of  him  in  the  roadway  and  describes  a  method 
of  estimating  its  effect  on  a  driver  when  the  oncoming  car  is  fitted 
with  headlights  whose  light  distribution  is  known.  The  principal 
factors,  which  determine  the  amount  of  the  reduction  are  the  candle- 
power  of  the  approaching  headlight  in  the  direction  of  the  observing 
driver's  eye,  the  relative  positions  of  the  two  cars  and  the  object  to 
be  detected,  the  reflection  factors  of  this  object  and  of  the  road  surface 
and  the  speed  at  which  the  cars  are  approaching  each  other. 

The  visibility  of  an  object  can  be  stated  as  the  ratio  of  the  bright- 
ness difference  to  the  brightness  difference  threshold.  The  former 
quantity  is  the  difference  between  the  brightness  of  the  object,  as  seen 
by  the  driver,  and  of  the  road  or  sky  immediately  surroimding  it.  It 
may  be  either  positive  or  negative  and  will  be  perceptible  if  it  exceeds 
the  smallest  perceptible  brightness  difference  or  brightness  threshold. 
In  absolute  magnitude,  irrespective  of  sign,  this  visibihty  must  have  a 
value  considerably  greater  than  unity,  possibly  as  high  as  five  before 
an  object  can  be  picked  up  by  a  driver  with  any  degree  of  certainty. 
When  the  headlights  of  an  approaching  car  appear  in  the  field  of  view 
they  generally  bring  about  an  increase  in  the  brightness  threshold, 
thus  reducing  the  sensitivity  of  the  eye  and  decreasing  the  visibility. 
This  increase  depends  on  the  value  which  the  brightness  threshold 
assumes  when  the  glare  is  removed,  on  the  angles  which  the  driver's 
direction  of  vision  makes  with  the  lines  joining  his  eyes  to  the  glaring 
headlights  and  on  the  illuminations  in  the  plane  of  the  driver's  eyes, 
due  to  those  headlights.  Glare  is  completely  specified  by  the  two 
angles  and  the  two  illuminations,  while  the  brightness  threshold,  for 
an  object  surrounded  by  a  given  brightness  in  the  presence  of  a  glare 
specified  by  these  four  qualities,  has  the  same  value  as  for  an  object 
surrounded  by  a  second  or  equivalent  brightness  in  the  absence  of 
glare. 

Now  the  brightness  difference,  the  field  brightness,  the  eye  illumina- 
tions and  the  angles  of  direction  can  all  be  determined  when  the  positions 


of  the  two  cars  and  of  the  object,  the  reflecting  properties  of  the  object 
and  roadway  and  the  light  distributions  in  the  headlight  beams  are 
known.  Thus  the  visibility  of  the  object,  as  reduced  by  glare,  can  be 
determined,  though  as  a  study  of  the  report  will  show,  a  great  deal 
of  work  is  necessary  for  the  attainment  of  this  end. — Engineering. 

Dr.  M.  I.  Pupin  Dead 

Dr.  Michael  Idvorsky  Pupin  died  in  New  York,  N.Y.,  on  March 
12th,  1935,  at  the  age  of  seventy-six.  Dr.  Pupin  was  born  at  Idvor, 
Banat,  Hungary,  on  October  4th,  1854,  and  emigrated  to  New  York 
in  1874  where  by  working  during  the  daytime  and  studying  at  night 
he  was  able  to  enter  Columbia  University  in  1879,  obtaining  a  B.A. 
degree  in  1883  and  becoming  a  naturalized  American  citizen  at  the 
same  time.  He  then  returned  to  Europe,  studying  physics  and  math- 
ematics at  the  Universities  of  Cambridge  and  Berlin,  and  obtaining 
a  Ph.D.  degree  from  the  latter  in  1889.  Returning  to  America,  he 
joined  the  staff  of  Columbia  University,  as  instructor  in  mathematical 
physics,  being  appointed  Adjunct  Professor  of  Mechanics  in  1892.  In 
1901  he  was  made  Professor  of  Electromechanics,  and  two  years  later 
was  appointed  Director  of  the  Phoenix  Research  Laboratory.  He 
retained  this  position  and  his  professorship  until  1929,  when  he  retired 
with  the  title  of  Emeritus  Professor  in  Active  Residence. 

In  addition  to  his  invention  of  the  loading  coil  for  long-distance 
telephone  cables  he  made  many  contributions  to  the  advancement  of 
scientific  knowledge.  For  instance  in  1896,  he  invented  the  method 
of  increasing  the  rapidity  of  X-ray  photography  by  placing  a  screen 
of  fluorescent  material  between  the  object  and  the  photographic  plate. 
He  also  discovered  secondary  X-ray  radiations  and  produced  X-ray 
photographs  for  use  as  a  guide  to  surgeons  in  operations.  In  1899 
he  published  his  mathematical  theory  of  artificial  lines  or  networks, 
which  has  been  widely  applied  since  then,  and,  in  1902,  he  was  granted 
a  patent  for  tuned  electrical  circuits,  the  patent  being  acquired  by  the 
Marconi  Company. 

Dr.  Pupin  became  president  of  the  American  Institute  of  Electrical 
Engineers  in  1925,  and  was  awarded  the  Edison  Medal  in  1920  and 
the  John  Fritz  Medal  in  1932.  That  the  value  of  his  work  was  recognized 
during  his  lifetime  may  be  gathered  from  the  numerous  awards  he 
received,  both  in  the  United  States  and  in  foreign  countries. 

Canadian  Electrical  Association  Annual  Convention 

The  forty-fifth  annual  convention  of  the  Canadian  Electrical 
Association  Inc.  will  be  held  at  the  Algonquin  Hotel,  St.  Andrews-by- 
the-Sea,  N.B.,  on  June  26th  to  28th,  1935. 

An  interesting  and  instructive  programme  is  being  planned,  which 
will  include  the  regular  business  sessions,  discussion  of  the  various 
committee  reports,  and  the  presentation  of  several  special  papers  which 
will  be  of  interest  and  value  to  all. 
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EMPLOYMENT  SERVICE   BUREAU 

The  Service  is  operated  for  the  benefit  of  members  of  The  Engineering  Institute  of  Canada, 

and  for  industrial  and  other  organizations  employing  technically  trained  men — 

without  charge  to  either  party. 

All  correspondence  should  be  addressed  lo 

The  Employment  Service  Bureau,  The  Engineering  Institute  of  Canada 

2050  Mansfield  Street,  Montreal 


Situations  Vacant 

MECHANICAL  ENGINEER,  not  over  45  years  of  age, 
with  practical  experience  in  machine  shop  practice  to 
act  as  production  engineer  with  large  machinery  manu- 
facturing company.  Location  province  of  Quebec.  Give 
full  details  of  experience  and  personal  qualifications  to 
Box  No.  U42-V. 

CIVIL  SERVICE  OF  CANADA 
List  No.  523 

The  Civil  Service  Commission  announces  an  open  com- 
petitive examination  for  the  following  position: 

23953. — -A  Chief  Operating  Officer.  Board  of  Railway 
Commissioners,  at  an  initial  salary  of  $4,800  per  annum, 
subject  to  such  deduction  as  may  be  provided  for  by 
legislation. 

Duties. — -Under  the  direction  of  the  Board  to  administer 
the  Operating  Department  of  the  Board  of  Railway  Com- 
missioners; to  consider  and  report  upon  questions  of  opera- 
tion, train  rules,  signals,  train  services,  car  supply,  fire 
prevention  regulations  and  safety  appliances,  including 
cars  and  locomotives  and  stationary  and  locomotive  boilers; 
to  direct  the  staff  engaged  upon  inspection  of  safety 
appliances  and  railroad  operation,  and  upon  investigating 
all  types  of  accident,  personal  injury  or  death  in  or  from 
moving  trains  or  complaints  in  respect  to  railroad  services; 
to  consider  and  report  upon  applications  for  abandon- 
ment of  lines;  to  hold  conferences  of  railway  and  employees' 
representatives  on  matters  referred  to  the  Board  or  arising 
out  of  the  Department's  work;  to  make  investigations  and 
reports  as  requested  by  the  Board  in  any  matter  of  railway 
operation;  on  occasion  to  conduct  personal  investigations 
of  accidents  or  complaints;  and  to  perform  other  related 
work  as  required. 

Qualifications  Required. — Education  equivalent  to 
graduation  from  a  university  of  recognized  standing;  at 
least  ten  years  of  experience  in  the  operating  department 
of  a  railway,  at  least  five  years  of  which  shall  have  been 
in  an  administrative  capacity  or  on  equivalent  regulatory 
work;  thorough  knowledge  of  general  railway  operation 
including  train  rules,  signals  and  methods  of  fire  preven- 
tion; familiarity  with  the  mechanism,  use  and  inspection 
of  safety  appliances  required  on  railway  operating  equip- 
ment, including  cars  and  locomotives,  boilers  and  appur- 
tenances, air  brakes,  crossing  signals  and  other  safety 
equipment;  demonstrated  administrative  ability,  tact,  good 
judgment.  Although  no  definite  age  limit  has  been  stated, 
age  may  be  a  determining  factor  in  making  a  selection. 

.\pplicants  must  give  full  particulars  concerning  their 
technical  training  and  experience,  especially  as  they  bear 
on  the  qualifications  for  and  duties  of  this  position.  An 
oral  examination  may  be  given,  if  necessary  in  the  opinion 
of  the  Commission. 

An  eligible  list  valid  for  one  year  may  be  established. 
General  Directions 

Application  forms  properly  filled  in  must  be  filed  with 
the  Civil  Service  Commission,  Ottawa,  not  later  than 
May  23,  1935.  Application  forms  may  be  obtained  from 
the  offices  of  the  Employment  Service  of  Canada,  from  the 
Postmasters  at  any  City  Post  Office,  from  the  Secretary 
of  the  Civil  Service  Commission,  Ottawa,  or  from  The 
Engineering  Institute  of  Canada,  Montreal. 

Candidates  must  be  British  subjects,  and  have  resided 
in  Canada  for  at  least  five  years. 


Situations  Wanted 

PURCHASING  AGENT.  Graduate  mechanical  engineer, 
Canadian,  married,  age  36,  with  fourteen  years  expe- 
rience in  industrial  field,  including  design,  construction 
and  operation,  eight  years  of  which  had  to  do  with  the 
development  of  specifications  and  ordering  of  equip- 
ment and  materials  for  plant  extensions  and  main- 
tenance; one  year  engaged  on  sale  of  surplus  construction 
equipment.  Full  details  on  request.  At  present  em- 
ployed.    Apply  to  Box  No.   161-W. 

SALES  ENGINEER,  b.e.i.c;  b.sc.  c.e.,  1930  (Univ. 
New  Bruns.),  p.e.n.b.  Age  28.  Experience  includes 
building  inspection,  structural  detailing,  road  construc- 
tion, and  chemical  operation.  Interested  in  sales  work 
on  the  sales  staff  of  some  manufacturing  or  wholesale 
concern.     Apply  to  Box  No.  225-W. 

REINFORCED  CONCRETE  ENGINEER,  b.sc.  p.b.q., 
eight  years  experience  in  construction  design  of  industrial 
buildings,  oflSce  buildings,  apartment  houses,  etc.  Age 
30.     Married.     Apply  to  Box  No.  257-W. 

DESIGNING  DRAUGHTSMAN,  experience  in  layout 
of  steam  power  house  equipment  and  piping.  Wide 
experience  in  mechanical  drive  and  details  of  machinery, 
gearing,  and  hoists.  Accustomed  to  layout  of  small  mill 
buildings  of  steel  and  timber,  structural  design  and 
details.  Good  references.  Present  location  Montreal. 
Apply  to  Box  No.  329-'W. 


Situations  Wanted 

ENGINEER  AND  ACCOUNTANT,  jr.E.i.c,  (Capt. 
Can.  Engrs.,  reserve).  Age  35,  Canadian.  Experienced 
in  mechanical  and  civil  engineering.  Diploma;  general 
office,  draughting  and  instrument  work ;  assistant  engineer 
erection  Royal  York  hotel;  assistant  resident  engineer 
T.  &  N.O.  Ry.  const.  Desires  position  in  Toronto 
where  combination  of  technical  and  business  experience 
will  be  of  value,  as  have  been  director  and  accountant 
last  three  years.     Apply  to  Box  No.  377-W. 

CIVIL  ENGINEER,  b.a.so.  and  c.B.;  a.m.b.i.c,  jun. 
A.a.c.B.,  age  32,  married.  Experience  over  twelve  years 
as  assistant  and  resident  engineer  on  the  construction  of 
hydro-electric,  railway,  and  aerodrome  works.  Also 
office  and  teaching  work  on  hydraulic  designs  and 
investigations,  reinforced  concrete,  bridge  foundations 
and  caissons.  Location  immaterial.  Available  at  once. 
Apply  to  Box  No.  447-W. 

SALES  ENGINEER,  m.a.sc.  Univ  of  Toronto,  wishes  to 
represent  firm  selling  building  products  or  other  engineer- 
ing commodities,  as  their  representative  in  Western 
Canada.  Located  in  Winnipeg.  Apply  to  Box  No. 
467-W. 


Employment  Service  Bureau 

This  bureau  is  maintained  by  The  Engineering 
Institute  of  Canada  for  the  benefit  of  members 
and  organizations  employing  technically  trained 
men. 

An  enquiry  addressed  to  2050  Mansfield  Street, 
Montreal,  will  bring  full  information  concerning 
the  services  offered.  Details  can  also  be  obtained 
from  Branch  secretaries  who  are  located  in  the 
larger  centres  throughout  Canada. 

Brief  announcements  of  men  available  and  po- 
sitions vacant  will  be  published  without  charge 
in  The  Engineering  Journal  and  the  Bulletin. 
Replies  addressed  in  care  of  the  required  box  num- 
ber will  be  forwarded  to  the  advertiser  without 
delay. 

An  additional  service  also  offered  those  who  are 
unemployed  or  wish  to  change  their  positions,  is 
the  opportunity  of  placing  their  names  and  records 
on  file  at  2050  Mansfield  Street  for  consideration 
by  employers  wishing  to  employ  engineers  This 
is  of  great  assistance  as  many  employers  will  not 
advertise  or  wish  to  locate  a  suitable  man  on  short 
notice.  If  desired  the  information  contained  in 
these  records  can  be  kept  confidential. 

Forms  for  registration  purposes  may  be  obtained 
from  "The  Institute  Headquarters  of  Branch  sec- 
retaries. 


MECHANICAL  ENGINEER,  b.sc.  Age  31.  Married. 
Last  ten  years  includes: — Mechanical  structural  and 
reinforced  concrete  design  in  pulp  and  paper  mills, 
industrial  plants,  hydro-electric,  mine,  sewers  and 
sewage  disposal  plant  construction.  My  experience  also 
includes  shop  production,  steam  plant  combustion,  fuel 
analysing,  inspecting,  supervising  and  instrument  work 
on  industrial  construction.  Permanent  position  pre- 
ferred.    Apply  to  Box  No.  521-W. 

CIVIL  ENGINEER,  Canadian,  married,  twenty-five 
years  technical  and  executive  experience,  specialized 
knowledge  of  industrial  housing  problems  and  the 
administration  of  industrial  towns,  also  town  planning 
and  municipal  engineering,  desires  new  connection. 
Available  on  reasonable  notice.  Personal  interview 
sought.     Apply  to  Box  No.  644-W. 

CONSTRUCTION  ENGINEER,  age  26,  unmarried, 
graduate  C.E.  Experience  includes  hydro-electric,  rail- 
road, highway,  and  industrial  plant  construction,  both 
field  and  office,  including  cost  accounting,  estimating, 
store.s,  layout,  general  engineering  and  supervision,  as 
well  as  practical  work  in  mechanical  trades.  Apply  to 
Box  No.  567-W. 

MECHANICAL  ENGINEER,  a.m.b.i.c.  Experienced 
on  plant  maintenance,  steel  plant,  cement  plant  and 
mining  plants.  Available  on  short  notice.  Apply  to 
Box  No.  571-W. 

DOMINION  LAND  SURVEYOR,  and  graduate  engineer 
with  extensive  experience  on  legal,  topographic  and 
plane-table  surveys  and  field  and  office  use  of  aero- 
photographs,  desires  employment  either  in  Canada  or 
abroad.    Available  at  once.    Apply  to  Box  No    589-W. 

DESIGNING  ENGINEER  AND  ESTIMATOR,  grad. 
Univ.  of  Toronto  in  C.E.,  a.m.b.i.c,  twenty  years 
experience  in  structural  steel,  construction  and  munic- 
ipal work.  Available  at  once.  Apply  to  Box  No. 
613-W. 


Situations  Wanted 

ELECTRICAL  ENGINEER,  McGill  '31,  desires  per- 
manent position  in  engineering  field.  Experience  in- 
cludes draughting,  designing  and  testing  of  induction 
motors,  radio  supervision  and  test,  and  some  construc- 
tion.   Available  immediately.    Apply  to  Box  No.  62G-W. 

CIVIL  ENGINEER,  a.m.b.i.c,  r.p.e.,  Ontario;  three 
years  construction  engineer  on  industrial  plants;  fourteen 
years  in  charge  of  construction  of  hydraulic  power 
developments,  tower  lines,  sub-stations,  etc.;  four 
years  as  executive  in  charge  of  construction  and  develop- 
ment of  harbours,  including  railways,  docks,  warehouses, 
hydraulic  dredging,  land  reclamation,  etc.  Apply  to 
Box  No.  647-W 

ELECTRICAL  ENGINEER,  b.sc.  in  E.E  (Univ.  of 
Man.,  '30).  Age  25.  Two  year  Can.  Westinghouse 
Apprentice  Course.  Depts. — Switchboard  assembly, 
general  draughting  office,  switchboard  engineering, 
test  office.  One  year's  experience  since  then  designing 
and  rewinding  small  motors  and  transformers.  Loca- 
tion immaterial      Apply  to  Box.  No    651-W. 

ELECTRICAL  ENGINEER,  Univ.  Grad.  1928.  Two 
years  Students'  apprenticeship  at  Can.  Westinghouse 
Co.,  including  test  and  electrical  machine  design.  Also 
about  two  years  experience  in  operating  dept.  of  large 
electrical  power  organization.  Available  on  short 
notice.    Apply  to  Box  No.  660  W. 

ELECTRICAL  AND  RADIO  ENGINEER,  b.so.  '30 
Variously  engaged  on  receiver  development  work,  test- 
ing, and  transformer  development,  under  direction. 
More  recent  experience  includes  transmitter  test  room 
procedure  and  short  wave  beam  transmission  engineer 
ing.    For  further  information  apply  to  Box  No.  680-W 

DIESEL  ENGINEER.  Erection  and  industrial  engineer. 
A.M.B.I.C,  technically  trained  mechanical  engineer 
with  English  and  Canadian  experience  in  erection  and 
operation  of  steam  and  Diesel  equipment  in  power 
house  and  mines,  pumping,  rock  drilling,  air  com- 
pressors. Experienced  in  industrial  and  steel  works 
operations  including  rolling  mills,  quarries,  sales.  Open 
for  position  on  maintenance,  operation  or  sales  engineer. 
Location  immaterial.     Apply  to  Box  No.  682-W. 

MECHANICAL  AND  STRUCTURAL  ENGINEER 
Six  years  experience  with  prominent  manufacturer, 
designing,  heating  and  power  boilers,  boiler  installations, 
coal  and  ash  handling  equipment.  Good  practical  knowl- 
edge of  steel  plate  work  welding.  Also  wide  experience 
in  designing,  estimating  and  detailing  structural  steel 
for  buildings  and  bridges.  Good  education.  Have  held 
position  of  responsibility.  Above  can  be  verified  by 
best  of  references.  Available  at  once.  Apply  to  Box 
No.  692-W. 

ELECTRICAL  AND  CIVIL  ENGINEER,  b.sc.,  Elec  , 
'29,  B.sc,  Civil  '33.  Age  27.  jr.E.i.c  Undergraduate 
experience  in  surveying  and  concrete  foundations;  also 
four  months  with  Canadian  General  Electric  Co.  Thirty- 
three  months  in  engineering  office  of  a  large  electrical 
manufacturing  company  since  naduation.  Good 
experience  in  layouts,  switching  diagrams,  specifica- 
tions and  pricing.  Best  of  references.  Available  im- 
mediately.    Apply  to  Box  No.  693-W. 

MECHANICAL  ENGINEER,  b.sc,  '27,  jr.B.i.c  Four 
years  maintenance  of  high  .ipeed  Diesel  engines  units, 
200  to  1,300  h.p.  Also  maintenance  of  D.C  and  A.C. 
electrical  systems  and  machinery.  Draughting  expe- 
rience. Westinghouse  apprenticeship  course.  Practical 
mechanical  and  electrical  engineer  with  a  special  study 
of  high  speed  Diesel  engine  design,  application  and 
operation.  Location  in  western  or  eastern  Canada 
immaterial.     Apply  to  Box  No.  703-W. 

COMBUSTION  ENGINEER,  b.p.b.,  Manitoba, 
A.M.B.I.C  Wide  experience  with  all  classes  of  fuels. 
Expert  designer  and  draughtsman  on  modern  steam 
power  plants.  Experienced  in  publicity  work.  Well 
known  throughout  the  west.  Location,  Winnipeg  or 
the  west.   Available  at  once.    Apply  to  Box  No.  713-W. 

ELECTRICAL  ENGINEER,  b.sc.  University  of  N.B., 
'31.  Experience  includes  three  months  field  work  with 
Saint  John  Harbour  Reconstruction.  Apply  to  Box  No. 
722-W. 

MECHANICAL  ENGINEER,  age  41,  married.  Eleven 
years  designing  experience  with  project  of  outstanding 
magnitude.  Machinery  layouts,  checking,  estimating 
and  inspecting.  Twelve  years  previous  engineering, 
including  draughting,  machine  shop  and  two  years 
chemical  laboratory.  Highest  references.  Apply  to 
Box  No.  723-W. 

CIVIL  ENGINEER,  b.so.  (Alta.  '31),  s.a.i.c.  Experience 
includes  three  seasons  in  charge  of  survey  party.  Tran- 
sitman  on  railway  maintenance,  and  concrete  bridge 
designing.  Nature  of  work  and  location  immaterial 
Apply  to  Box  No.  724-W. 

YOUNG  CIVIL  ENGINEER,  b.so.  (Univ.  of  N.B.  '31), 
with  experience  as  rodman  and  checker  on  railroad 
construction,  is  open  for  a  position.  Apply  to  Box  No. 
728-W. 

DESIGNING  ENGINEER,  m.so.  (MoGill  Univ.),  o  l.s., 
A.M.B.I.C.  p.B.Q.  Experience  in  design  and  construction 
of  water  power  plants,  transmission  lines,  field  in- 
vestigations of  storage,  hydraulic  calculations  and 
reports.  Also  paper  mill  construction,  railways,  high- 
ways, and  in  design  and  construction  of  bridges  and 
buildings.  Available  at  once.  Apply  to  Box.  No 
730-W. 

MECHANICAL  ENGINEER,  s.b.i.c,  b.a.bo..  Univ. 
of  B.C.  '30.  Single,  age  24.  Sixteen  months  with  the 
AUis-Chalmers  Mfg.  Co.  as  student  engineer.  Ex- 
perience includes  foundry  production,  erection  and 
operation  of  steam  turbines,  erection  of  hydraulic  ma- 
chinery, and  testing  texropes  and  centrifugal  pumpj. 
Location  immaterial.  Available  at  once.  Apply  to 
Boi  No.  736-W. 
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Situations  Wanted 

RADIO  AND  ELECTRICAL  ENGINEER,  b.sc.  '31, 
s.E.i.c.  Age  27.  Experience  in  installation  of  power 
and  lighting  equipment.  Temporary  operator  in  radio 
station;  studio  experience  with  part  time  announcing. 
Two  summers  in  switchboard  and  installation  depart- 
ment of  telephone  company,  eight  months  on  extensive 
survey  layouts.  Interested  in  sales  work  of  electrical 
or  radio  equipment.  Available  on  short  notice.  Location 
immaterial.     Apply  to  Box  No.  740-W. 

CIVIL  ENGINEER,  b.sc.  '29,  a.m.e.i.c.  Married.  One 
year  building  construction.  One  year  hydro-electric 
construction  in  South  America,  eighteen  months  resident 
engineer  on  highway  construction,  one  year  on  harbour 
design  and  construction.  Working  knowledge  of 
Spanish.     Apply  to  Box  No.  744-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc  Queen's  Univ.  '29. 
Age  25.  Married.  Three  years  experience  as  con- 
struction supt.  and  estimator  for  contracting  firm. 
Exi  erience  includes  general  building,  bridges,  sewer 
work,  concrete,  boiler  settings,  sand  blasting  of  bridges 
and  spray  painting.  Available  at  once.  Apply  to  Box 
No.  776-W. 

CIVIL  ENGINEER,  b.sc,  '25,  jr.E.i.c,  p.e.q.,  married. 
Desires  position,  preferably  with  construction  firm. 
Experience  includes  railway,  monument  and  mill 
building  construction.  Available  immediately.  Apply 
to  Box  No.  780- W. 

DRAUGHTSMAN,  experience  in  civil  engineering, 
forestry  engineering,  land  surveying  and  house  con- 
struction.   Good  references.    Apply  to  Box  No.  781-W. 

LECTRICAL  AND  SALES  ENGINEER,  s.e.i.c,  grad. 
'28.  hi.iperience  iiuludes  one  year  test  course,  one  year 
witchhoard  design  and  two  years  switchboard  and 
witching  equipment  sales  with  large  electrical  manufac- 
ti  ring  conipaiiv.  Tliree  summers  Pilot  Officer  with 
1    C.  \.F.    Available  at  once.    Apply  to  Box  No.  788-W. 

ELV.CTRIC.^L  ENGINEER  desires  position  as  engineer 
or  manager  for  industrial  plant  or  factory.  Over  ten 
years  diversified  electrical  and  mechanical  experience  in 
the  industrial  field.    Apply  to  Box  No   795-W. 

CIVIL  ENGINEER,  s.e  i  c  ,  graduate  '30,  age  23,  single. 
Experience  includes  mining  surveys,  assistant  on  high- 
way location  and  construction,  and  assistant  on  large 
construction  work  Steel  and  concrete  layout  and 
design.     Apply  to  Box  No.  809-W. 

CIVIL  ENGINEER,  be  (Sask.  Univ.  '32),  s.e.i.c. 
Single.  Experience  in  city  street  improvement;  sewer 
and  water  extensions  Good  draughtsman.  References. 
Available  at  once.  Location  immaterial.  Apply  to  Box 
No.  818-W. 

CIVIL  ENGINEER,  b.a.sc,  d.l.b.,  o.l.s.,  a.m.e.i.c, 
age  46,  married.  Twelve  years  experience  in  charge  of 
legal  field  surveys.  Owns  own  surveying  equipment. 
Eight  years  on  technical,  administrative,  and  editorial 
office  work.  Experienced  in  writing.  Desires  position 
on  survey  work,  assisting  in  or  in  charge  of  preparation 
of  house  organ,  on  staff  of  technical  or  semi-technical 
magazine,  or  on  publicity,  editorial  or  administrative 
office  work.  Available  at  once.  Willconsider  any  salary, 
and  any  location.     Apply  to  Box  No.  831-W. 

CIVIL  ENGINEER,  b.b.i.c,  b.sc.  '32  (Univ.  of  N.B.). 
Age  25.  Married.  Two  years  e::perience  in  power  line 
construction  and  maintenance;  one  year  of  highway 
construction;  one  summer  surveying  for  power  plant 
site,  location  and  spur  railway  line  construction.  Avail- 
able at  once.  Location  immaterial.  Apply  to  Box 
No.  840-W. 

CIVIL  ENGINEER,  b.sc  '15,  a.m.e.i.c,  married,  exten- 
sive experience  in  responsible  position  on  railway  con- 
struction, also  highways,  bridges  and  water  supplies. 
Position  desired  as  engineer  or  superintendent.  Avail- 
able at  once.     Apply  to  Box  No.  841-W. 

STRUCTURAL  ENGINEER,  b.a.sc,  a.m.e.i.c.  Twenty- 
two  years  expe.ience  in  design  of  bridges  and  all  types 
of  buildings  in  structural  steel  and  reinforced  concrete. 
Three  years  experience  in  railway  construction  and 
land  surveying.     Apply  to  Box  No.  856-W. 

MECHANICAL  ENGINEER,  b.sc.  '32,  s.e.i.c  Good 
draughtsman.  Undergraduate  experience: — One  year 
moulding  shop  practice;  two  years  pipe  fitting  and  sheet 
metal  work;  one  year  draughting  and  tracing  on  paper 
mill  layout;  six  months  machine  shop  practice;  and 
eight  months  fuel  investigation  and  power  heating 
plant  testing.  Desires  position  offering  experience  in 
steam  power  plants  or  heating  and  ventilating  design. 
Will  go  anywhere.     Apply  to  Box  No.  858-W. 

MECHANICAL  ENGINEER,  age  31,  graduate  Sheffield 
(England)  1921;  apprenticeship  with  firm  manufacturing 
steain  turbine  generators  and  auxiliaries  and  subsequent 
experience  in  design,  erection,  operation  and  inspection 
of  same.  Marine  experience  b.o.t.  certificate  thoroughly 
conversant  with  Canadian  plants  and  equipment.  Avail- 
able on  short  notice.    Any  location.    Box  No.  860-W 

CHEMICAL  ENGINEER,  b.sc  (McGill  '21),  a.m.e.i.c, 
age  36,  married;  three  years  since  graduation  with  pulp 
and  paper  mills;  eight  years  in  shops,  estimating  and 
sales  divisions  of  well-known  gas  engineering  and  con- 
struction companies  in  the  United  States.  Excellent 
references.  Available  on  short  notice.  Apply  to  Box 
No.  866-W. 

CONSTRUCTION  ENGINEER  (Toronto  Univ.  of  '07). 
Experience  includes  hydro-electric,  municipal  and  rail- 
road work.  Available  immediately.  Location  imma- 
terial.    Apply  to  Box.  No.  886-W. 

ELECTRICAL  ENGINEER,  graduate  1929,  s.b.i.c 
Single.  Experience  includes  two  years  with  electrical 
manufacturing  concern  and  one  on  highway  construction 
work.  Available  at  once.  Will  go  anywhere.  AddIv 
to  Box  No.  887-W. 


Situations  Wanted 

AGENCIES  WANTED.  Young  engineer,  b.a.sc.  in  cb., 
with  business  and  sales  experience,  speaking  fluent 
French,  would  consider  representing  a  firm  as  agent 
for  Montreal  or  the  province  of  Quebec.  Apply  to  Box 
No.  891-W. 

ELECTRICAL  ENGINEER,  grad.  Univ.  of  N.B.  '31. 
Experienced  in  surveying  and  draughtir,g,  requires 
position.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  893-W 

CIVIL  ENGINEER,  babc,  jr  e.i.c,  age  29,  single. 
Experience  includes  two  years  in  pulp  mill  as  draughts- 
man and  designer  on  additions,  maintenance  and  plant 
layout.  Three  and  a  half  years  in  the  Toronto  Buildings 
Department  checking  steel,  reinforced  concrete,  and 
architectural  plans.  Available  at  once.  Location  im- 
material. At  present  in  Toronto.  Apply  to  Box  No. 
899-W. 

DESIGNING  ENGINEER,  a.m.e.i.c  Permanent  and 
executive  position  preferred  but  not  essential.  Fifteen 
years  experience  in  designing  power  plants,  engine 
and  fan  rooms,  kitchens  and  laundries.  Thoroughly 
familiar  with  plumbing  and  ventilating  work,  pneu- 
matic tubes,  and  refrigeration,  also  heating,  electrical 
work,  and  specifications.    Apply  to  Box   No.   913-W. 

CIVIL  ENGINEER,  b.sc,  o.p.b.  Experience  includes 
several  years  on  municipal  work-design  and  construction 
of  sewers,  steel  and  concrete  bridges,  watermains  and 
pavements.  Available  at  once.  Apply  to  Box  No. 
950-W. 

CIVIL  ENGINEER,  b.sc.  (Univ.  of  Sask.  '33),  s.e.i.c. 
age  28,  single.  Experience  in  testing  hydro-electrio 
equipment,  draughting,  surveying,  city  street  improve- 
ments, technical  photography.  Available  at  once.  Lo- 
cation immaterial.     Apply  to  Box  No.  986-W. 

ELECTRICAL  ENGINEER,  s.e.i.c,  b.sc,  (N.S.  Tech. 
Coll.,  '33),  desires  work.  Experience  in  transmission  line 
construction.  Location  or  class  of  work  immaterial. 
Apply  to  Box  No.  1010-W. 

ENGINEER  SUPERINTENDENT,  age  44.  Engineering 
and  business  training,  executive  ability,  tactful,  ener- 
getic. Had  charge  of  several  large  projects.  Intimate 
knowledge  of  costs  and  prices,  reports  and  estimates. 
Available  immediately.  Any  location.  Apply  to  Box 
No.  1021-W. 

CIVIL  ENGINEER,  b.so.  (Queen's,  '14),  a.m.e.i.c.  Do- 
minion Land  Surveyor,  5  months  special  course  at  the 
University  of  London,  England,  in  municipal  hygiene 
and  reinforced  concrete  construction.  Experience 
covers  legal  and  topographic  surveys,  plane  tabling  and 
stadia  surveying,  raUway  and  highway  construction, 
drainage  and  excavation  work.  Available  at  once. 
Apply  to  Box  No.  1035-W. 

ELECTRICAL  ENGINEER  AND  GEOPHYSICIST. 
Age  36.  Married.  Seven  years  experience  in  geophysi- 
cal exploration  using  seismic,  magnetic  and  electrical 
methods.  Two  years  experience  with  the  Western 
Electric  Company  of  Chicago,  working  on  equipment 
and  magnetic  materials  research.  Experienced  in  radio 
and  telephone  work,  also  specializing  in  precise  electrical 
measurements,  resistance  determinations,  ground  po- 
tentials and  similar  problems  of  ground  current  dis- 
tribution.    Apply  to  Box  No.  1063-W. 

ELECTRICAL  ENGINEER,  b.a.sc.  Univ.  Toronto  '28. 
Experience  includes  Can.  Gen.  Eleo.  Co.  Test  Course. 
Also  more  than  two  years  in  the  engineering  dept.  of 
the  same  company.  Available  on  short  notice.  Pre- 
ferred location  central  or  eastern  Canada.  Apply  to 
Box  No.  1075-W. 

ELECTRICAL  ENGINEER,  b.sc.  Married.  Eight 
years  electrical  experience,  including  operation,  main- 
tenance and  construction  work,  electrical  design  work 
on  large  power  development,  mechanical  ability,  ex- 
perienced photographer,  employed  in  electrical  capacity 
at  present.  Available  on  reasonable  notice.  Apply  to 
Box  No.  1076-W. 

GRADUATE  IN  MECHANICAL  ENGINEERING, 
1927,  desires  opportunity  in  Diesel  engine  field,  pre- 
ferably in  design  and  development  work.  Skilled 
draughtsman  and  clever  in  design.  Familiar  with  basic 
theories  of  the  Diesel  engine  and  in  touch  with  recent 
developments  and  applications.  Anxious  to  obtain  a 
foothold  with  up-to-date  company.  No  objection  to 
sbopwork  or  other  duties  as  a  start  but  would  prefer 
shopwork  and  assembly  if  possible.  Apply  to  Box  No. 
1081-W. 

CIVIL  ENGINEER,  b.sc,  Sask.  '30.  b.b.i.c  Age  24 
years.  Experience  in  municipal  engineering,  including 
sewer  and  water  construction,  sidewalk  construction, 
paving,  storm  sewer  design,  draughting,  precise  levelling, 
and  reinforced  concrete  bridge  construction.  Unmar- 
ried. Available  at  once.  Will  go  anywhere  Apply  to 
Box  No.  1115-W. 

ELECTRICAL  ENGINEER,  b.sc.b.b.  (Univ.  of  N.B. 
'31).  C.G.E.  Test  Course  included  industrial  control, 
induction  motors  and  transformers;  the  transformer 
test  included  desk  work  for  two  months  on  computing 
losses,  efficiencies,  etc.  Available  at  once.  Apply  to 
Box  No.  1119-W. 

MECHANICAL  ENGINEER,  b.a.sc.  (Univ.  of  B.C.  '29); 
M.S.  Age  27.  Single.  Four  years  experience  in  research 
work  in  applied  mechanics  and  materials  testing.  Desires 
position  involving  analytical  work  in  design,  develop- 
ment or  testing.  Available  on  short  notice.  Apply  to 
Box  No.  1123-W. 

GEODETIC  AND  TOPOGRAPHICAL  ENGINEER, 
D.L.S.,  m.e.i.c  Experience  in  all  kinds  of  geodetic  and 
topographical  surveys,  especially  photo-topography, 
well  versed  in  all  kinds  of  air  photo  surveys;  Canadian 
and  U.S.  patent  method  of  determining  position  and 
elevations  of  points  from  air  photographs.  Available 
at  once  anywhere  in  Canada  or  the  United  States. 
Apply  to  Box.  No.  I127-W. 


Situations  Wanted 

PETROLEUM  CHEMIST,  b.sc.  in  Chem.  Eng.  Age  25. 
Single.  One  and  a  half  years  experience  as  assistant 
chemist.  Capable  of  taking  charge  in  small  refinery. 
Wishes  position  anywhere  in  Canada.  Apply  to  Box 
No.  1130-W. 

ELECTRICAL  ENGINEER,  b.sc.  Queen's  '33  Single, 
age  23.  Anxious  to  gain  experience.  Present  ex- 
perience installing  small  private  hydro-electric  plant. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  1137-W. 

CIVIL  ENGINEER,  a.m.e.i.c,  with  over  twenty  years 
experience  in  field  and  office  on  construction,  main- 
tenance, surveying,  location,  etc.,  desires  position  pre- 
ferably of  a  permanent  nature.  At  present  near  Mont- 
real, but  willing  to  locate  anywhere.  Apply  to  Box 
No.  1168-W. 

CIVIL  ENGINEER,  b.a.sc,  s.b.i.c,  age  26,  single. 
Experience  includes  one  year  in  bridge  construction, 
plain  and  reinforced  concrete,  pneumatic  caissons  and 
surveying.  Available  at  once.  Any  location.  Apply  to 
Box  No.  1204-W. 

PHYSICIST  ENGINEER,  B.So.Mech.  (Queen's  1913), 
M.So.,  Ph.D.Physics  (McGill  1929,  '30).  Experience  in 
municipal  engineering,  producer  gas  installation  and 
operation,  university  plant  maintenance.  Experienced 
teacher  of  college  physics.  Industrial  and  pure  physical 
research  experience.  Age  42.  Married.  Apply  to  Box 
No.  1207-W. 

MECHANICAL  ENGINEER,  b.sc.  (Queen's  Univ.  '28), 
age  36,  married,  desires  position  of  trust  and  responsi- 
bility. Experience  includes  fitting  and  assembly  of 
machine  tools,  production,  draughting,  and  maintenance. 
Five  years  teaching  draughting  and  mathematics.  Avail- 
able on  reasonable  notice.  Location  immaterial.  Apply 
to  Box  No.  1210-W. 

CIVIL  ENGINEER,  b.a.,  b.a.sc,  s.e.i.c,  Canadian,  age 
27,  single.  Experience  includes  eighteen  months  in 
general  building  construction.  Write  and  speak  both 
French  and  English  fluently.  Available  at  once  for  any 
suitable  position  in  general  engineering.  Apply  to  Box 
No.  1211  W. 

CIVIL  ENGINEER,  b.sc  '34  (Univ.  of  N.B.),  age  24. 
Experience  includes  construction  and  highway  engi- 
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Number  6 


Recent  Developments  in  Sound  Pictures 

S.  T.  Fisher,  Jr.E.I.C, 

Special  Products  Engineering  Department,  Northern  Electric  Company  Limited,  Montreal. 
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SUMMARY. — After  discussing  available  methods  of  recording  sound  and  the  basic  principles  of  sound  reproduction,  the  paper  describes  the  greatly 
improved  recording  units  now  in  use  and  the  reproducing  equipment  by  means  of  which  a  sound  range  of  from  50  to  8,000  cycles  can  be  accurately  repro- 
duced as  compared  with  the  100  to  5,000  cycle  range  formerly  possible. 


Sound  pictures  are  not  of  recent  origin.  Forty  years 
ago  experimenters  were  endeavouring  to  combine  Edison's, 
and  later  Berliner's,  phonograph  with  the  motion  picture 
camera  and  projector.  Their  problem  was,  however,  one 
which  was  not  capable  of  solution  in  a  commercially 
practicable  form,  because  the  tools  they  had  at  hand 
placed  fundamental  limitations  on  their  methods.  In  the 
first  place,  the  only  power  available  to  press  or  engrave 
the  disc  or  cylinder  which  was  to  serve  as  the  storing 
medium  was  that  derived  from  the  lips  or  instruments  of 
the  performers.  This  meant  that  all  sounds  had  to  be 
emitted  within  a  small  area  at  the  mouth  of  a  collecting 
horn  which  terminated  at  the  diaphragm  to  which  was 
attached  the  recording  stylus.  Secondly,  due  to  the  neces- 
sity for  placing  the  reproducing  machine  behind  the  screen 
in  order  to  preserve  the  illusion  that  the  sound  originates 
from  the  image,  the  problem  of  synchronizing  sound  and 
picture  was  very  difficult,  and  was  solved  only  by  a  cumber- 
some arrangement  of  belts  and  shafting  extending  from  the 
projection  room  to  the  stage.  The  third  obstacle  which 
made  sound  pictures  impracticable  was  that  the  reproduced 
energy  was  limited  to  that  which  could  be  obtained  directly 
from  the  record. 

Thus  for  some  years  the  development  of  sound  pictures 
was  retarded,  just  as  was  that  of  the  long  distance  telephone, 
the  radio  and  the  phonograph.  The  invention  and  develop- 
ment of  the  vacuum  tube  gave  an  impetus  to  all  these 
projects,  by  making  available  power  to  operate  their  devices. 
Present  day  sound  picture  techniciue  did  not  descend  from 
the  attempts  of  the  early  inventors  to  make  motion  pictures 
talk;  it  came  down  through  other  ai'ts,  notably  the  allied 
sciences  of  radio,  telephony,  and  the  phonograph,  and  owes 
almost  nothing  to  the  first  experimerts  in  talking  pictures. 
It  was  not  until  the  advent  of  the  vacuum-tube  amplifier 
that  sound  pictures  in  the  modern  sense  became  feasible. 
The  use  of  a  microphone-amplifier-electromagnetic  recorder 
system  gave  the  performers  the  necessary  freedom  for 
dramatic  effect.  The  electric  reproducer-amplifier-loud- 
speaker combination  in  the  theatre  provided  the  necessary 
acoustic  energy  and  simplified  the  synchronizing  problem; 


and  in  1926  the  modern  sound  picture  systems  were  placed 
on  a  commercial  basis. 

Gener.\l  Principles  of  Recording 
In  1926  two  general  methods  of  sound  recording  for 
sound  pictures  were  introduced  in  a  commercial  form: — 

(a)  The  record  could  be  made  by  a  mechanical  engrav- 
ing process  on  wax,  just  as  the  familiar  phonograph 
record  is  made.  As  far  as  sound  pictures  are  con- 
cerned, disc  recording  is  now  a  thing  of  the  past, 
although  it  has  recently  been  revived  in  a  second- 
ary function  which  will  be  described  later. 

(b)  The  record  could  be  obtained  photographically  on 
film.  This  system  is  now  used  universally.  Origin- 
ally theatres  were  equipped  for  both  disc  and  film 
reproduction,  but  now  only  film  synchronous  re- 
producers are  in  general  use. 

Wax  Recording 

Wax  recording  is  done  by  engraving  the  surface  of  a 
wax  disc  with  a  cutting  stylus  attached  to  a  vibrating 
armature.  The  armature  is  rocked  between  the  poles  of  a 
magnet  by  the  voice  currents  from  the  recording  micro- 
phone, much  amplified.  The  recording  may  be  either 
lateral  or  vertical,  that  is,  the  movement  of  the  stylus 
may  be  parallel  to  the  surface  of  the  wax  disc,  in  which 
case  the  record  appears  as  a  wavy  line  of  constant  depth; 
or  the  stylus  may  move  vertically  to  the  surface  of  the  wax. 
In  this  case,  a  straight  cut  of  varying  depth  is  obtained. 
Lateral  recording  is  generally  used  for  phonograph  records, 
and  was  widely  used  in  the  early  days  of  sound  pictures. 
Vertical  recording  has,  however,  inherent  advantages  over 
lateral  recording  and  will  probably  assume  considerable 
importance  as  an  intermediate  process  in  film  recording. 

The  discs  are  either  of  heavy  wax  or  are  made  by 
flowing  a  thin  surface  of  wax  onto  a  heavy  metal  plate. 
The  surface  of  the  disc  is  then  made  conducting  by  brush- 
ing on  a  thin  coat  of  finely  powdered  conducting  material 
such  as  graphite,  or  in  a  more  recent  process  by  "cathode 
sputtering"  of  gold  onto  the  wax  surface.  "Cathode  sput- 
tering" is  a  process  of  evaporating  gold  in  a  vacuum  by 
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the  application  of  a  high  potential,  and  results  in  the 
deposition  of  an  extremely  thin,  smooth,  and  uniform  layer 
of  gold  on  the  wax  surface.  A  heavy  layer  of  copper  is 
deposited  electrically  over  this  conducting  film,  and  the 
wax  is  stripped  off.  This  copper  reverse  impression  is  the 
"master."  A  separating  fluid  is  applied  to  its  surface, 
which  is  then  given  a  heavy  copper  plating,  which,  separated 
from  the  master,  gives  a  surface  identical  with  the  original 
wax.  From  this  mould  "sub-masters"  or  "stampers"  are 
made  again  by  electrolytic  deposition  of  copper.     A  flash- 

^''        SOUND    TRACKS        "^"^ 


Variable  Area  Variable  Density 

Fig.  1 — Sound  Picture  Records. 

ing  of  chromium  on  these  "stampers"  makes  them  durable 
enough  to  stamp  out  the  records  actually  used  for  reproduc- 
tion from  a  thermo-plastic  compound.  Lateral-cut  records 
have  generally  been  made  of  a  shellac-base  compound. 
Vertical-cut  records  are  now  pressed  in  cellulose-acetate 
or  similar  materials. 
Film  Recording 

In  film  recording  systems  the  sound  record  is  obtained 
photographically  as  a  narrow  strip  along  the  edge  of  the 
same  track  that  carries  the  picture.  There  are  two  main 
forms  which  this  record  may  take:— 

(a)  It  may  be  of  uniform  area  but  of  varying  opacity, 
the  opacity  being  a  definite  function  of  the  am- 
plitude of  the  sound  recorded.  This  is  the 
"variable  density"  film  recording  system. 

(6)  It  may  be  of  uniform  opacity  with  a  variation 
in  area  corresponding  to  the  variations  in  the 
sound  it  represents.  This  is  the  "variable  area" 
recording  system. 

Variable  area  and  variable  density  records  are  shown 
in  Fig.  1,  combined  with  the  film  carrying  the  picture. 
Other  arrangements  are  conceivable  by  which  a  repro- 
ducible sound  record  may  be  obtained  photographically, 
but  these  two  are  the  only  ones  in  use  commercially. 

The  variable  density  sound  record  is  made  with  a 
recording  lamp  of  constant  brilliancy,  focussed  on  a  light- 
valve,  the  opening  of  which  in  turn  is  fociissed  on  the 
sound  track  of  the  film.  This  arrangement  is  shown  in 
Fig.  3.  The  motion  of  the  film  is  in  a  line  perpendicular 
to  the  opening  of  the  valve.  The  light  valve  is  simply  an 
electromagnetic  shutter  which  is  operated  by  the  sound 
currents  generated  by  the  microphone.  The  present 
standard  in  recording  practice  is  to  use  an  average  light 
valve  opening  of  one  mil,*  focussed  on  the  film  half  size. 
This  gives  an  indication  of  the  minuteness  of  the  apparatus 
with  which  film  recording  is  accomplished. 
*One  mil  =.001  inch. 


As  is  shown  in  Fig.  2,  the  light  valve  consists  of  an 
edgewise  loop  of  duralumin  tape  with  the  inner  edges  of 
the  two  ribbons  forming  a  slit  .256  inch  long  and  having 
a  normal  width  of  .001  inch.  When  an  alternating  current, 
such  as  the  amplified  current  from  a  microphone,  is  passed 
through  the  ribbons,  which  are  connected  in  series  to  form 
a  continuous  circuit,  the  two  ribbons  under  the  action  of 
the  magnetic  field  induced  by  the  permanent  magnet  pole- 
pieces  oscillate  about  their  mean  positions.  In  the  two 
sides  of  the  loop  the  ribbons  move  in  opposite  directions; 
that  is,  on  one  half  of  a  cycle  they  move  together  and 
on  the  other  half  they  move  apart.  Since  the  average 
opening  of  the  valve,  obtained  when  no  current  is  being 
passed  through  it,  is  .001  inch,  each  ribbon  has  a  maximum 
allowable  displacement  of  .0005  inch;  the  total  opening  of 
the  valve  varies  from  2  mils  to  complete  closure,  when  an 
alternating  current  of  maximum  allowable  amplitude  is 
passed  through  it.  This  variation  in  the  valve  opening 
causes  a  corresponding  variation  in  the  width  of  the  beam 
of  light  projected  through  it,  and  in  the  exposure  of  the 
film. 

The  valve  forms  a  simple  resonant  system  and  the 
tension  of  the  ribbon  is  adjusted  so  that  the  resonance  lies 
just  at  the  upper  end  of  the  frequency  band  it  is  desired 
to  transmit.  At  frequencies  below  this  fundamental 
resonance  the  ribbons  have  substantially  the  same  displace- 
ment for  equal  currents. 

In  the  variable  area  type  of  film  recording,  the  record 
is  made  also  with  a  lamp  of  constant  brilliancy.  The 
sound  track  is  made  by  moving  the  light  beam  lengthwise 
across  a  slot  interposed  between  it  and  the  film.     The  film 


PROJECTED  BEAM  Of  LIGHT 
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Fig.  2— Film  Recorders. 

moves  at  right  angles  to  the  direction  of  motion  of  the 
light.  The  recorder,  or  vibrator  as  it  is  called,  consists 
of  a  tiny  mirror  cemented  across  a  stretched  loop  of  wire. 
The  vibrator  is  placed  between  the  poles  of  a  magnet  so 
that  the  wires  are  across  the  plane  of  the  field.  The  light 
from  the  lamp  is  focussed  through  a  square  light  stop  onto 
the  mirror  of  the  recorder  and  is  reflected  through  a  cylin- 
drical lens  and  a  slit  onto  the  sound  track  of  the  film. 
The  edge  of  the  light  stop  is  focussed  on  the  centre  of  the 
sound   track   which,   therefore,   under  silent  conditions  is 
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half  exposed  and  half  non-exposed.  Sound  currents  throuf^h 
the  vibrator  cause  it  to  rotate  about  a  vertical  axis.  This 
oscillation  causes  the  edge  of  the  light  which  falls  on  the 
sound  track  to  shift  back  and  forth,  thus  producing  a  vary- 
ing width  of  exposure  on  the  sound  track.  Figure  2  shows 
a  skeleton  view  of  a  variable  area  recording  system .  It 
should  be  noted  that  the  variable  area  record  shown  in 
Fig.  1  consists  of  a  double  trace  and  is  obtained  by  using 
a  double  recorder. 
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Fig.  3 — Recorder  Optical  System. 
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Fig.  4 — Reproducer  Optical  System. 

A  third  method  of  film  recording,  used  until  recently, 
has  now  been  abandoned.  In  this  system,  a  variable 
density  record  is  produced,  by  means  of  a  varying  light 
source,  through  a  slit  of  fixed  area.  A  gaseous  discharge 
lamp  which  varies  its  illumination  in  accordance  with  the 
amplified  voice  currents  is  used.  The  results  of  this 
method  were  not  satisfactory  when  compared  to  those 
produced  by  the  technique  developed  in  the  use  of  the 
other  systems,  and  this  method  has  now  fallen  into  disuse. 
General  Principles  of  Reproduction 

There  are  three  essential  elements  in  a  reproducing 
system : — 

(a)    A  reproducer  to  work  from  the  film  or  disc  record. 

{h)    An  amplifier. 

(c)    The  sound  projectors. 

An  electromagnetic  reproducer  is  used  for  translating 
the  mechanical  motion  derived  from  the  disc  record  into 
electric  currents.  These  reproducers  assume  various  forms, 
but  all  are  of  the  general  design  in  which  an  armature 
within  a  small  coil  vibrates  as  a  needle  attached  to  it 
follows  the  grooves  in  the  record.  The  armature  forms 
part  of  a  magnetic  circuit  through  which  passes  the  flux 
from  a  permanent  magnet.  Variations  in  this  flux  cause 
a  corresponding  electric  current  in  the  coil.  This  is 
amplified,  and  projected  through  the  loudspeakers  as 
sound. 

The  reproducer  for  the  film  record  uses  as  its  essential 
device  a  photoelectric  cell.  Under  the  action  of  light  the 
cathode  of  the  photoelectric  cell  generates  electrons  which 
will  carry  a  current  across  between  the  cathode  and  anode. 
Variations  in  this  current  reproduce  faithfully  variations  in 
the  light.  The  cell  does  not  differentiate  between  a  light 
pattern  of  constant  intensity  and  varying  area,  and  a 
light  pattern  of  constant  area  and  variable  intensity.    The 


reproducing  arrangement  is  shown  in  Fig.  4.  The  light 
from  the  filament  of  the  high-intensity  exciting  lamp  is 
focussed  on  the  film  as  a  beam  1  mil  wide.  After  passing 
through  the  sound  track  it  falls  on  the  light-sensitive 
surface  of  a  photoelectric  cell.  It  will  be  noticed  as  a 
fortunate  circumstance  that  this  system  reproduces  equally 
well  variable-area  or  variable-density  records. 

HEgUIREMENT.S    FOR    REPRODUCING    SoUND 

A  system  for  recording  and  reproducing  speech,  music 
and  noise  satisfactoiily  must  perform  within  well-under- 
stood and  clearly  defined  limits.  Thanks  to  researches 
which  have  been  carried  on  for  many  years,  to-day  we 
have  a  fairly  complete  picture  of  the  types  of  distortion, 
discussed  in  purely  physical  terms,  that  are  introduced  in 
recording,  transmission  and  reproduction.  What  is  equally 
important,  we  know  just  how  much  distortion  of  each  type 
is  tolerable  in  various  kinds  of  systems,  we  know  what  the 
performance  of  a  system  must  be  for  distortionless  trans- 
mission, i.e.  transmission  in  which  the  distortion  is  not 
perceptible,  and  from  a  knowledge  of  the  physical  character- 
istics of  our  pieces  of  apparatus  we  can  form  an  accurate 
idea  of  how  the  reproduced  sound  will  compare  with  the 
original.  We  now  have  the  dictionary  that  will  translate 
terms  describing  sound  like  dull  and  brilliant,  shrill  and 
heavy,  harsh,  smooth,  full,  thin,  and  a  host  of  othei's,  into 
definite  technical  statements. 

In  the  electrical  transmission  of  sound  we  are  mainly 
concerned  with  three  types  of  distortion.  The  first  is  that 
caused  by  the  fact  that  the  reproducing  system  transmits 
different  freciuencies  unequally,  and  is  called  frequency 
didortion.  In  the  degree  in  which  the  three  types  are 
usually  heard,  this  is  the  most  noticeable.  The  second 
form  of  distortion  is  called  harmonic  distortion  and  is  due 
to  the  presence  in  the  reproduced  sound  of  frequencies 
which  were  not  present  in  the  original.  This  is  the  form 
of  distortion  present  when  a  vacuum  tube  circuit  is  over- 
loaded. The  spurious  frequencies  generated  are  integral 
multiples  or  harnionics  of  frequencies  in  the  origmal  sound; 
hence  the  term  harmonic  distortion.  The  third  type  of 
distortion  is  phase  distortion.  This  occurs  when  the  time 
taken  for  the  transmission  of  sounds  through  the  system 
varies  with  the  frequency,  that  is,  different  frequencies 
have  different  times  of  transmission.  Phase  distortion 
takes  place  when  the  phase  shift  of  each  component  is  not 
proportional  to  its  frequency,  and  is  ordinarily  not  present 
in  recognizable  amounts. 
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Fig.  5 — Audibility  Curves. 

Figure  5  shows  the  audibility  curve  for  the  human  ear. 
All  acoustic  vibrations  of  such  an  intensity  and  frequency 
that  thev  fall  within  the  area  enclosed  bv  the  two  curves, 
are  audible,  and  are  perceived  as  sounds.  Acoustic  dis- 
turbances of  high  intensity  lyinf?  above  the  upper  curve 
give  rise  to  the  sensation  of  feeling.  This  effect  is  com- 
monly experienced  when  the  bass  pipes  of  a  large  pipe 
organ  are  played.  Vibrations  which  lie  below  the  lower 
curve  are  not  perceived  at  all.    That  is  to  say,  there  is  a 
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definite  intensity  limit  for  the  human  ear,  below  which 
disturbances  are  inaudible  and  above  which  they  are 
audible.  This  hmit  is  called  the  "threshold  of  audibility" 
and  its  exact  value  for  any  person  depends  on  the  average 
noise  level;  for  the  city  dweller  it  is  much  higher  than  for 
one  who  lives  in  the  country.  The  horizontal  frequency 
scale  of  this  figure  is  logarithmic;  the  vertical  intensity 
scale  is  plotted  in  decibels.    The  zero  line  represents  an 
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Fig.  6 — Quality  and  Articulation  Curves. 

r.m.s.  sound  pressure  of  one  bar  (one  dyne  per  square 
centimeter).  The  decibel  is  a  logarithmic  unit  in  general 
use  to-day  for  expressing  power  ratios,  and  the  number  of 
decibels  expressing  the  ratio  of  two  powers  is  obtainable 
thus : — 

Decibels  (abbr.  "db.")  =  lOlog^o  ^f''"^  P"^^' 

Reference  power 

The  20  db.  intervals  on  Fig.  5  each  represent,  there- 
fore, power  ratios  of  100  :  1.  It  is  interesting  to  note  that 
at  the  widest  part  of  this  area  the  human  ear  can  distinguish 
about  1,300  pure  tones  perceptibly  different  in  pitch.  At 
1,000  cycles  about  270  perceptible  loudness  increments 
exist,  and  it  is  estimated  that  the  ear  can  detect  a  total 
of  about  300,000  pure  tones  differing  in  pitch  and  loudness. 
This  gives  some  measure  of  the  magnitude  of  the  problem 
which  confronts  us  when  we  propose  a  distortionless  sound 
reproduction  system. 

Figure  5  indicates  a  type  of  distortion  which  is  not 
connected  with  the  reproducing  system  itself,  but  is  a 
result  of  the  characteristics  of  the  ear.  This  distortion 
results  when  sound  is  reproduced  at  a  different  volume 
than  that  existing  at  the  point  at  which  the  original  sound 
was  picked  up.  In  other  words,  if  two  sounds  are  projected, 
identical  in  waveform  but  of  a  different  amplitude,  the  ear 
hears  them  as  different  not  only  in  loudness,  but  also  in 
composition.  This  is  readily  seen  by  reference  to  the 
figure.  Suppose  the  music  of  an  orchestra  was  picked  up 
by  a  microphone  at  an  average  intensity  of  —10  db.  and 
reproduced  through  a  loudspeaker  at  an  intensity  of  —30 
db.  The  effect  is  seen  to  be  that  all  frequencies  between 
75  cycles  and  200  cycles  in  the  original  sound  have  been 
largely  eliminated.  Exclusive  of  any  electrical  and  acoustic 
requirements  on  the  transmitting  system  itself,  then, 
distortionless  transmission  requires  that  the  sound  be  re- 
produced at  the  volume  of  the  original.  In  general,  if 
sounds  are  reproduced  at  less  than  natural  volume,  the 
frequency  range  will  be  narrowed. 

The  two  "quality"  curves  of  Fig.  6  show  the  effect 
of  the  upper  and  lower  cut-off  frequencies  of  a  transmission 
system  on  the  quality  of  orchestral  music.  These  curves 
may  be  considered  to  be  approxhnately  true  also  for 
quality  of  speech.  It  is  seen  that  a  noticeable  deterioration 
in  quality  occurs  when  the  lower  cut-off  point  is  higher 
than  about  70  cycles.    The  upper  point  at  which  quality 


deterioration  is  evident  is  very  high,  about  16,000  cycles 
for  orchestra  music  and  10,000  cycles  for  speech. 

The  audibility  curves  of  Fig.  5  show  that  the  ear  is 
capable  of  hearing  sounds  which  differ  in  amplitude  by 
about  140  db.  For  distortionless  reproduction,  however, 
it  is  not  necessary  to  reproduce  this  range,  since  the  max- 
imum volume  variation  of  the  human  voice  is  only  about 
40  db.,  and  of  a  symphony  orchestra,  70  db.  Apparently 
the  requirement  for  a  distortionless  system  is  not  greater 
than  70  db.  What  we  mean  when  we  say  that  a  transmission 
system  will  reproduce  a  volume  range  of  70  db.  is  that  when 
the  sound  is  reproduced  at  its  original  level,  the  system 
will  not  overload  on  the  maximum  peaks,  and  the  sound 
at  the  lower  edge  of  the  70  db.  band  will  not  be  masked 
or  interfered  with  by  extraneous  noise;  this  implies  that 
at  normal  volume,  noises  introduced  in  the  system  must 
be  near  or  below  the  threshold  of  audibility. 

How  well  are  these  requirements  for  distortionless 
transmission  met  in  sound  picture  systems  ?  The  over-all 
frequency  response  from  the  sound  pressure  in  the  record- 
ing studio  to  the  intensity  at  the  listener's  ear  in  a  theatre 
is  substantially  uniform  from  50  to  about  8,000  cycles,  the 
harmonic  distortion  is  nearly  negligible  when  the  equip- 
ment is  properly  adjusted  and  the  photographic  processes 
are  carefully  controlled;  tlie  noise  level  is  near  or  below 
the  threshold  of  audibility,  and  the  intensity  at  the  Ustener's 
ear  is  of  the  same  order  as  it  would  be  were  he  actually 
viewing  the  scene  being  projected.  The  normal  volume 
range  of  40  to  60  db.  for  oitiinary  action  has  been  some- 
what compressed,  however. 

Description  of  Reproducing  System 

In  a  theatre  there  are  two  projection  machines,  and 
a  continuous  show  is  obtained  by  running  one  machine 


Fig.  7 — Projection  Machine. 

while  film  is  being  threaded  into  the  other.  The  operator 
then  watches  and  listens  for  a  cue  which  is  indicated  on  a 
cue-sheet  sent  out  with  each  set  of  prints.  This  cue 
generally  takes  the  form  of  punch-marks  in  the  upper 
right-hand  corner  of  several  successive  pictures.  When  he 
sees  this,  he  starts  his  second  machine,  and  when  it  has 
come  up  to  speed,  switches  over  picture  and  sound  simulta- 
neously.   The  uniformity  of  projectors  and  the  acuteness 
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and  dexterity  of  operators  are  such  that  this  change-over 
is  generally  accomplished  without  being  in  any  way 
perceptible  to  the  audience.  In  theatres,  where  the  fire 
hazard  is  severe,  the  projection  machines  arc  always  in 
fireproof  projection  rooms. 

In  Fig.  7  is  shown  a  projection  machine,  which  includes 
the  mechanism  for  projecting  the  picture,  and  also  for  pick- 
ing up  the  sound  track  from  the  film.  The  picture  projector 
includes  the  lamp,  which  is  usually  an  arc  lamp,  the 
mechanism  for  imparting  to  the  film  the  intermittent 
motion  required  for  motion  pictures,  a  shutter  and  the 
necessary  optical  system. 

The  film  is  on  a  reel  in  the  upper  magazine.  It  is 
drawn  down  through  the  picture  projector,  then  through 
the  sound  reproducer  mechanism  below  the  projector,  and 
finally  winds  up  on  a  reel  in  the  lower  magazine.  There 
is  a  distance  of  about  143^  inches  between  the  points  where 
the  picture  and  sound  are  taken  off  the  film;  this  is  com- 
pensated for  by  displacing  the  picture  and  the  sound-track 
143^2  inches  when  making  the  positive  prints. 

The  sound  reproducer  shown  in  Fig.  8  is  a  standard 
design  used  generally  throughout  the  world.  The  driving 
motor  is  a  squirrel-cage  induction  motor  with  a  split-phase 
starting  winding,  mounted  in  a  rubber  cushioned  frame  to 
minimize  vibration.  It  drives  a  large  flywheel  through  two 
parallel  fabric  belts.  This  type  of  drive  provides  a  very 
efficient  filtering  action,  resulting  in  uniform  speed  of  the 
film  past  the  photoelectric  cell,  and  consequently,  freedom 
from  objectionable  flutter  disturbances.  The  sound  sprocket 
on  the  same  shaft  as  the  flywheel  pulls  the  film  past  the 
photocell,  and  a  floating  gear  on  the  same  shaft  drives  the 
projector  through  a  gear  and  pinion  above  it,  and  a  second 
film  sprocket  below  it.  The  lower  or  take  up  reel  is  driven 
through  a  friction  clutch  by  a  belt,  and  this  second  or  hold 
back  sprocket  prevents  the  film  being  pulled  tight  on  the 
sound  sprocket  as  the  diameter  of  the  reel  of  film  in  the 
take-up  magazine  increases.  Since  the  smallest  variation 
from  uniformity  in  the  velocity  of  the  sound  track  past 
the  photocell  will  appear  as  noise  in  the  loudspeakers  it  is 
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Fig.  8 — Cross  Section  of  Film  Reproducer  Mechanism. 

important  that  gear  ripple  and  flutter  due  to  the  intermittent 
mechanism  should  be  filtered  out  of  the  system  before  they 
reach  the  sound  sprocket. 

The  photocell,  which  performs  the  function  of  convert- 
ing the  light  variations  into  current  variations,  is  contained 
in  the  unit  on  the  forward  end  of  the  projection  machine. 
The  photocell  on  each  machine  is  transformer-coupled  to 
the  control  and  switching  circuit.     Since  the  alternating 


current  output  of  the  photocell  is  only  a  few  millionths 
of  an  ampere,  extreme  care  has  been  taken  in  the  design 
of  this  part  of  the  (Hiuipment  to  ensure  against  extraneous 
electrical  disturbances.  From  these  photocell  coupling  units 
which  transform  the  liigh  impedance  of  the  photocells  to 
a  low  value,  suitable  for  transmission  over  ordinary  paired 
wire  to  the  rack-mounted  equipment,  the  .sound  currents 
enter  the  main  amplifier. 


FRONT 


REAR 


Fig.  9 — Theatre  Amplifier  Equipment. 

This  is  one  of  the  five  units  mounted  together  to  form 
an  integral  assembly,  shown  in  Fig.  9,  which  is  located 
in  the  projection  room  along  with  the  projection  machines. 
It  is  an  a.c.  operated  four-stage  amplifier  with  characteristics 
which  represent  about  the  ultimate  reached  to-day  in  com- 
mercial amplifier  design.  In  all  but  the  very  large  theatres 
the  output  of  this  amplifier  operates  the  loudspeakers.  In 
very  large  theatres  its  output  is  used  to  drive  the  power 
amplifier  below  it.  It  has  a  maximum  gain  of  about  110 
db.  (equal  to  a  power  amplification  of  10")  and  a  maximum 
non-distorted  single-frequencj'  output  power  of  about  15 
watts.  All  the  tubes  have  a.c.  heated  cathodes,  and  the 
plate  supply  is  obtained  from  a  full  wave  rectifier  and  filter 
forming  part  of  the  amplifier  itself.  Due  to  the  extra- 
ordinary efficiency  of  the  output  tubes,  the  plate  power 
supply  is  relatively  small. 

At  the  bottom  of  the  rack  is  the  24-volt  rectifiei'-filter 
unit  that  supplies  direct  current  to  the  exciting  lamps,  the 
signal  lamps  and  the  speaker  fields;  this  unit  uses  two  half- 
wave  tungar  bulbs  in  a  conventional  arrangement.  All  the 
a.c.  and  d.c.  power  circuits  are  fused  here.  The  rack  is 
completely  assembled  and  wired  in  the  factory,  and  the 
installation  work  consists  of  connecting  a  factory-made 
cable  between  the  terminal  panel  and  the  machines,  and 
the  power  leads  and  circuits  to  the  loudspeakers  on  the 
stage.  Below  the  terminal  panel  is  mounted  a  small  loud- 
speaker, which  enables  the  operator  to  follow  the  action. 

The  mechanical  arrangement  of  the  apparatus  is  novel, 
and  has  resulted  in  extreme  accessibility  of  the  component 
parts  and  wiring,  compactness,  lowered  costs,  and  improved 
appearance.  The  construction  is  shown  in  Fig.  10.  The 
apparatus  of  each  unit  is  mounted  on  a  bent  and  welded 
pan-shaped  chassis  which  is  mounted  on  the  rack  by  flanges 
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at  the  ends.  The  rack  itself  is  in  the  form  of  a  completely 
enclosed  cabinet.  The  controls  and  meters  of  each  unit 
are  mounted  on  hinged  panels.  The  wiring  is  cabled  and 
flexible  conductors  are  used  so  that  the  cable  bends  with 
the  hinge.  Each  chassis  is  fastened  to  the  rack  with  flat- 
head  machine  screws;  the  front  of  each  panel  is  covered 
by  a  sheet  metal  mat  which  fastens  to  the  rack  with  thumb 
screws  and  has  a  square  cut-out  to  expose  the  controls. 


THUMB   SCREW  FOR 


HINGED  METER   PANEL       TERMINAL   STRIP 

FLAT  HEAD  MOUNTING 


Fig.  10 — Cross  Section  Through  Typical  Depressed  Panel  Type 
Unit  Mounted  on  Cabinet  Type  Rack. 

The  wiring  and  terminal  strip  for  each  unit  are  contained 
in  the  face  of  the  chassis,  under  the  mat.  The  cabling 
between  units  comes  through  bushings  in  the  edge  of  the 
chassis,  and  is  concealed  along  the  length  of  the  rack  by 
a  removable  cable  duct. 

The  mechanical  arrangement  of  the  photocell  coupling 
units,  shown  in  Fig.  7,  is  somewhat  different.  They  are 
composed  of  stud-mounted  apparatus  mounted  on  the  top 
of  a  horizontal  chassis,  with  the  controls  mounted  on  the 
front  edge.  The  front  cover-plate  has  an  oblong  cut-out 
to  expose  the  controls.  The  unit  slides  into  a  bent  and 
welded  sheet-steel  case;  to  examine  the  wiring  it  is  only 
necessary  to  remove  the  front  cover,  slide  the  unit  forward, 
and  then  let  it  drop  forward  about  a  hinge  on  the  front 
lower  edge. 

The  photoelectric  cell  consists  of  a  caesium-oxygen 
coated  silver  cathode  and  an  anode  in  an  evacuated  bulb. 
Although  the  current  from  it  under  the  usual  illumination 
used  is  measured  in  microamperes,  even  so  this  is  ten  times 
that  obtained  from  the  photocells  originally  used.  This 
increased  current,  together  with  the  lower  internal  im- 
pedance of  the  cell  have  made  possible  the  great  simplifica- 
tion in  the  new  eauipment  due  to  the  use  of  a  transformer 
coupling  circuit  between  the  photocells  and  the  main 
amplifier,  in  place  of  the  preliminary  amplifiers  immediately 
associated  with  the  photocells,  necessary  in  the  previous 
equipments. 

It  is  only  the  extremely  useful  characteristics  of  the 
tube  used  in  the  first  three  stages  of  the  amplifier  which 
have  made  it  possible  to  produce  all  a.c.  operated  equip- 
ment of  this  type.  The  limiting  factors  in  a.c.  operated 
amplifiers  have  previously  been,  first,  the  power  noise  in- 
troduced into  the  circuit  from  the  alternating  heating 
current  of  the  cathode  of  the  first  tube  and,  second,  the 
cathode  hiss  or  emission  noise  generated  in  the  first  tube 
due  to  the  statistical  variation  in  the  emission  of  electrons 
from  the  cathode.  In  this  tube  these  factors  have  been 
reduced  by  about  20  db.  over  previous  designs,  so  that  it 
is  now  possible  to  build  commercially  this  a.c.  operated 
amplifier  with  a  gain  of  over  110  db.,  in  which  thermal 
noise,  which  is  a  natural  limiting  noise  level,  masks  other 
noise  present. 

Two  tubes  are  used  in  push-pull  in  the  output  stage 
of  the  amplifier  in  a  straight  class  "A."  arrangement,  and 
a  plate  circuit  efficiency  of  better  than  40  per  cent  is  realized. 
The  ideal  efficiency  (i.e.  ratio  of  maximum  undistorted  single 
frequency  a.c.  output  to  d.c.  plate  input  power)  of  a  class 
"A"  amplifier  is  50  per  cent,  and  the  figure  40  per  cent 


represents  an  efficiency  several  times  that  of  previous  tubes 
and  amplifiers. 

When  very  high  output  power  is  required  the  power 
amplifier,  shown  in  Fig.  9,  using  a  pair  of  triodes  in  push- 
pull  in  a  modified  class  "A"  circuit,  is  used.  A  plate 
supply  of  1,500  volts  is  obtained  from  a  full  wave  bridge 
rectifier,  using  mercury  vapour  tubes,  and  the  grid  bias  is 
obtained  from  a  separate  full  wave  rectifier  circuit.  This 
amplifier  will  deliver  upwards  of  100  watts  of  audio  power 
with  negligible  distortion  and  is  used  for  extremely  large 
theatres  and  auditoriums. 

The  loudspeakers  employed  with  the  new  theatre 
equipment  are  of  three  general  types:  first,  large  dynamic 
cone  units  similar  in  general  arrangement  to  the  conven- 
tional radio  set  loudspeaker,  second,  large  exponential 
wooden  or  steel  horns  equipped  with  moving  coil  driving 
units  and  third,  small  high  frequency  units  consisting  of  a 
coil  driven  diaphragm  coupled  to  a  small  metal  horn.  The 
large  horns  are  of  the  conventional  type  that  have  been 
in  use  for  a  number  of  years,  in  fact  since  the  inception 
of  sound  pictures.  The  high  frequency  units  are,  however, 
a  recent  development;  the  cross-section  of  one  of  these 
units  is  shown  in  Fig.  11.  This  unit  transmits  with  an 
efficiency  of  about  50  per  cent  the  frequency  range  from 
3,000  to  13,000  cycles  and  is  always  used  in  conjunction 
with  one  or  both  of  the  other  types  of  speakers.  When 
the  large  dynamic  speakers  are  used,  they  may  be  used 
alone  or  with  either  or  both  the  other  units.  When  used 
alone,  they  transmit  the  frequency  range  from  the  low  end 
of  the  frequency  spectrum  to  about  8,000  cycles  at  the 
upper  end  and  a  group  of  them  are  mounted  together  on 
a  large  baffle.  In  equipments  where  it  is  desired  to  get 
extremely  good  frequency  response,  the  small  high  frequency 
units  are  used  in  addition,  and  an  electrical  dividing  net- 
work is  connected  to  split  the  amplifier  output,  transmitting 
frequencies  up  to  3,000  cycles  to  the  large  dynamic  cones 
and  frequencies  above  3,000  to  the  high  frequency  units. 


Fig.  11— Cross  Section  of  High  Frequency  Unit. 


AIR   CHAMBER 


Fig.  12 — Cross  Section  of  Microphone. 

In  large  auditoriums  and  wherever  it  is  difficult  to  get  good 
sound  distribution,  the  large  horn  tvpe  projectors  are  used 
in  addition,  transmitting  the  middle  frequency  range,  for 
which  they  project  a  somewhat  directional  beam  of  sound. 
The  new  tubes,  the  new  photocells  and  the  new  loud- 
speakers have  permitted  a  considerable  improvement  to  be 
made  in  the  performance  of  the  original  theatre  equip- 
ment   placed    on    the    market    in    1926.     This    improved 
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reproduction  is  perceptible  to  the  audience  in  three  ways: — 
First,  the  transmitted  frequency  range  is  considerably  im- 
proved; in  place  of  the  former  100  to  5,000  cycle  range  it  is 
now  possible  to  reproduce  accurately  a  50  to  8,000  cycle 
range.  Second,  the  volume  range  has  been  considerably 
improved.  Sound  pictures  up  till  a  year  or  two  ago  rarely 
were  able  to  effect  a  volume  range  greater  than  about  30 
db.;  this  range  has  been  increased  by  some  10  or  15  db. 
due  to  lower  noise  levels  which  previously  limited  the 
lower  end,  and  higher  power  amplifiers,  which  have  in- 
creased the  range  upward.  Third,  the  background  noise 
caused  by  the  film  and  the  reproducing  system  has  been 
markedly  reduced. 

Description  of  New  Recording  Units 
A  great  improvement  in  recording  has  been  effected 
in  the  last  few  years.  This  has  been  due  both  to  the  develop- 
ment of  new  apparatus  and  to  experience  gained  in  the 
technique  of  film  recording.  The  dynamic  microphone,  of 
which  a  cross-section  is  shown  in  Fig.  12,  has  greatly  im- 
proved the  pick-up  technique  in  the  sound  studios.  It  con- 
sists of  a  formed  duralumin  diaphragm  to  which  is  cemented 
a  voice  coil  moving  in  the  slot  of  a  permanent  cobalt-steel 
magnet.  This  microphone  has  an  extremely  uniform 
response  characteristic,  being  substantially  fiat  from  30 
cycles  at  the  low  end  to  over  10,000  cycles  at  the  high 
end.  It  is  small,  compact,  sturdy,  and  is  not  subject  to 
barometric  or  humidity  conditions  and  does  not  require, 
like  the  condenser  microphone,  a  closely  associated  amplifier, 
or  like  the  carbon  microphone,  a  direct  current  supply. 
Recording  amplifiers  have  been  equalized  to  obtain  a 
frequency  response  characteristic  uniform  to  10,000  cycles. 
The  technique  of  light  valve  recording  has  been  the 
subject  of  continuous  development  work.  One  improve- 
ment which  has  been  generally  put  into  use  is  that  known 
as  noiseless  recording.  A  large  part  of  the  film  noise  or 
film  hiss  previously  obtained  in  film  recording  was  due  to 
the  fact  that  during  silent  periods  when  no  sound  was 
being  transmitted,  the  light  valve  was  open  to  its  normal 
operating  point  and  the  film  was  partially  exposed  at  a 
constant  density.  Due  to  the  grain  of  the  photographic 
deposit  on  the  positive,  this  partial  exposure  gave  a  steady 
scratching  or  hissing  noise  when  reproduced.  This  hiss  is 
directly  proportional  to  the  exposure  of  the  negative.  In 
noiseless  recording  the  light  valve  is  biased  partly  shut  by 
direct  current,  thus  reducing  the  average  exposure  during 
silent  periods.  When  sound  is  being  transmitted,  the  d.c. 
bias  is  reduced  automatically,  permitting  the  average  spac- 
ing of  the  valve  to  increase  sufficiently  to  pass  the  signal 
without  clashing. 

Other  developments  which  are  under  way  by  manv 
workers  in  the  field  look  towards  more  satisfactory  control 
of  the  photographic  processes.  Figure  13  shows  the 
characteristics  of  photographic  emulsions.  On  this  curve 
the  relative  density  of  the  photographic  deposit  is  plotted 
on  the  ordinate  scale  and  the  logarithms  of  the  exposures 
giving  these  densities  are  plotted  as  the  abscissae.  Since 
the  variable  density  system  of  film  recording  depends  for 
its  success  on  a  linear  relation  between  the  amplitude  of 
the  sound  to  be  recorded  and  the  intensity  of  the  light 
falling  on  the  reproducing  system  photocell,  this  linear  rela- 
tion must  be  preserved  through  the  intervening  photo- 
graphic processes.  The  least  number  of  processes  through 
which  the  record  must  pass  is  four — that  is,  exposure  of 
the  negative,  development  of  the  negative,  printing  of  the 
positive,  and  development  of  the  positive,  and  the  sum 
total  of  these  processes  must  yield  a  linear  relation.  This 
means,  then,  that  the  film  must  be  worked  along  the 
straight  line  portion  of  the  overall  negative-exposure 
positive-density  curve.  It  is  evident  that  the  length  of 
the  straight  line  portion  of  this  curve  limits  the  volume 
range  which  can  be  recorded.  A  further  requirement  on 
the  photographic  processes  and  one  which  is  equally  im- 


portant is  that  the  (contrast  in  the  record  must  be  preserved 
at  approximately  the  correct  value,  since  to  reduce  the 
contrast  would  result  in  a  compression  of  the  volume  range 
and  to  increase  it  would  result  in  an  extension  of  the  volume 
range.  If  the  original  exposure  of  the  film  made  full  use 
of  the  volume  range  inclicated  by  the  exposure-density 
curve,  then  this  increase  in  contrast  obtained  in  the  develop- 
ing and  printing  processes  would,  of  course,  result  in  serious 
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Fig.  13 — Exposure-Density  Curve  for  Typical  Emulsion. 

non-linearity.  It  can  readily  be  shown  that  another  way 
of  stating  the  requirement  that  the  contrast  must  be 
maintained  is  to  say  that  the  slope  of  the  exposure-density 
curve  obtained  by  plotting  the  density  of  the  final  print 
against  the  exposure  of  the  negative  must  be  unity.  Since 
the  first  days  of  sound  pictures  a  great  deal  of  development 
and  research  work  has  gone  forward  to  determine  the  exact 
relations  involved  in  order  to  produce  photographic  emul- 
sions for  which  the  straight  line  portion  of  the  exposure 
density  curve  is  of  adequate  length  and  this  work  is  produc- 
ing results  in  greatly  improved  film  and  film  processing. 

Due  partly  to  the  difficult  technique  and  the  some- 
times uncertain  results  obtained  in  the  photographic  pro- 
cesses, but  mainly  due  to  the  fact  that  vertical  disc  record- 
ing inherently  has  advantages  over  film  processes  so  far  as 
frequency  range,  volume  range  and  noise  level  are  con- 
cerned, a  new  technique  has  been  developed  recently  by 
which  all  intermediate  processes  in  sound  film  production 
are  carried  out  on  vertical  cut  disc  records.  The  vertical 
cut  disc  has  a  frequency  range  extending  to  10,000  cycles 
and  a  noise  level  near  the  threshold  of  audibility.  In 
addition,  the  non-linear  distortion  introduced  is  neghgible. 
In  the  production  of  sound  pictures,  there  are  frequently 
a  number  of  re-recordings  required  in  the  editing  and 
piecing  together  of  the  film  so  that  an  improvement  in  the 
re-recording  process  will  result  in  a  considerable  overall 
improvement  in  the  quality  of  the  final  prints. 

What  new  developments  may  we  expect  in  sound 
pictures  in  the  future  ?  We  now  have  high  quality  sound, 
and  coloured  pictures,  so  that  our  representation  is  reason- 
ably close  to  good  illusion.  There  are  two  things  which 
we  may  now  expect;  first,  production  of  pictures  in  relief, 
that  is,  stereoscopic  projection,  and  second,  production  of 
sound  in  relief — stereosonic  projection.  Both  these  effects 
have  been  accomplished  on  a  small  scale  basis  and  now 
await  only  commercial  development.  Both  will  add  con- 
siderably to  the  effect  of  reality  in  the  motion  picture  theatre 
and  will  add  immensely  to  the  enjoyment  of  motion  pictures 
by  the  many  millions  who  rely  on  that  theatre  as  their 
main  source  of  entertainment. 

DISCUSSION 

W.  M.  Gardner,  a.m.e.i.c.^ 

How  does  the  frequency  characteristic  of  the  system 
described,  of  which  we  have  heard  a  demonstration,  compare 
with  the  ranges  transmitted  by  the  telephone  and  the 
phonograph  ? 

'Supt.  of  Construction  and  Maintenance,  Montreal  Tramways  Com- 
pany, Montreal. 
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S.  T.  Fisher,  Jr.E.i.c.^ 

In  these  films  you  have  heard,  a  frequency  range  of 
about  70  to  7,000  cycles  was  transmitted  with  substantial 
uniformity.  In  a  first-rate  theatre  installation,  where  equip- 
ment of  this  type  is  used  and  where  care  has  been  taken 
to  adjust  the  acoustic  conditions  and  to  obtain  proper  dis- 
tribution of  the  whole  frequency  spectrum,  a  characteristic 
flat  between  50  and  8,000  cycles  is  obtained.  As  you  will 
note  from  the  curves  of  Fig.  6,  transmission  down  to  70 
cycles  results  in  reproduction  which  is  almost  ideal  at  the 
lower  end;  at  the  upper  end  of  the  audible  range  cut-off 
at  8,000  cycles  results  in  only  a  small  deterioration  in 
quality.  This  wide  frequency  range  is  necessary  to  give 
naturalness  to  speech  and  to  preserve  adequately  the 
dramatic  effects  of  music.  In  the  mechanical  phonograph 
a  frequency  range  from  about  150  cycles  to  4,000  cycles  is 
attained;  the  electric  phonograph  does  somewhat  better, 
reproducing  frequencies  from  about  70  to  about  5,000  cycles. 
A  direct  comparison  would  show  plainly  that  this  is  much 
poorer  than  the  reproduction  you  have  heard  to-night. 

On  commercial  telephone  circuits  a  very  much  narrower 
band  of  frequencies  is  transmitted.  It  is  seen  from  the 
curves  of  Fig.  5  showing  how  articulation  (or  intelligibility) 
varies  with  the  transmitted  frequency  range  that  cut-offs  of 
300  cycles  and  4,000  cycles  give  almost  ideal  articulation, 
even  though  the  quality  of  transmission  is  very  poor. 

Where  telephone  circuits  are  used  for  transmission  of 
broadcast  programme  material  a  transmission  from  50  to 
8,000  cycles  is  frequently  provided. 

J.  L.  Clarke,  m.e.i.c.^ 

It  has  been  my  experience  that  when  small  photographs 
are  enlarged,  the  photographic  grain  becomes  very  notice- 

'Engineer,  Northern  Electric  Co.  Ltd.,  Montreal. 
'Transmission  and  Foreign  Wire  Relations  Engineer,  Bell  Telephone 
Company  of  Canada,  Montreal. 


able.    Are  not  the  effects  of  this  grain  serious  in  sound-on- 
film  recording  ? 

S.  T.  Fisher,  jr. e. i.e. 

As  Mr.  Clark  has  pointed  out,  in  sound-on-film  record- 
ing, where  the  dimensions  of  the  recording  and  reproducing 
light  beams  and  of  the  variations  in  the  density  or  area 
of  the  record  are  extremely  small,  the  grain  of  the  photo- 
graphic deposit  presents  a  problem.  You  will  remember 
that  in  the  days  of  silent  pictures  the  grain  was  very 
noticeable  on  the  screen,  and  in  the  first  sound-on-film 
recording  this  was  one  of  the  major  problems.  The  noise 
due  to  this  grain  has  been  overcome  largely  by  the  develop- 
ment of  new  emulsions  and  new  processing  technique,  which 
have  resulted  in  a  much  more  homogeneous  deposit  on  the 
positive  prints.  Another  factor,  of  course,  has  been  the 
introduction  of  the  so-called  "noiseless"  recording,  which 
reduces  the  grain  noise  by  reducing  the  average  exposure 
of  the  negative. 

E.  S.  Kelsey,  a.m.e.i.c.^ 

The  noise  introduced  by  the  grain  of  the  deposit  on 
the  film  is  due  to  variation  in  the  grain,  that  is,  it  is  a 
statistical  effect,  and  is  proportional,  not  to  the  grain  itself, 
but  to  the  variation  in  the  grain. 

F.  S.  Fisher,  jf.e.i.c.^ 

What  proportion  of  the  theatre  reproducing  equipment 
demonstrated  is  manufactured  in  Canada  ? 

S.  T.  Fisher,  jr.E.i.c. 

About  95  per  cent  of  the  total  cost  of  the  equipment 
is  represented  by  material  and  parts  purchased  in  Canada, 
and  Canadian  labour. 


^Engineer,  Northern  Electric  Co.  Ltd.,  Montreal. 
^Engineer,  Northern  Electric  Co.  Ltd.,  Montreal. 


A  Concrete  Bowstring  Arch  Bridge 

Across  the  Grand  River  at  Bridgeport,  Ontario 

D.  J.  Emrey,  A.M.E.I.C., 
Engineer,  Kitchener  Good  Roads'  Commission,  Kitchener,  Ont. 


Bridgeport  is  one  of  the  pioneer  villages  of  the  county 
of  Waterloo,  being  situated  on  both  the  east  and  west  sides 
of  the  Grand  river,  and  equally  distant  from  Kitchener 
and  Waterloo.  At  one  time  Bridgeport  gave  promise  of 
growing  into  one  of  the  more  prosperous  and  thriving 
villages  of  the  county,  but  on  the  building  of  the  Grand 
Trunk  Railway  through  this  section  about  1852,  the  line 
passed  through  Kitchener  some  two  miles  distant  from  the 
village,  and  this  had  the  effect  of  retarding  its  growth 
while  the  city  of  Kitchener  continued  to  forge  ahead. 

The  construction  of  a  new  bridge  across  the  Grand 
river  at  Bridgeport  had  been  contemplated  for  some  time 
by  the  Kitchener  Suburban  Commission,  but  due  to  the 
depression  the  Commission  did  not  think  it  wise  to  proceed. 
Last  year  the  Federal  and  provincial  governments  suggested 
a  scheme  of  work  for  the  unemployed  by  which  the  Federal 
government  was  to  pay  one  third,  the  provincial  government 
one  third,  and  the  owner  the  remaining  one  third  of  the 
labour  costs;  that  is,  for  projects  approved  by  the  combined 
governments.  The  Commission  decided  to  take  advantage 
of  this  scheme  and  made  application  for  permission  to  con- 
struct the  bridge,  which  offer  was  accepted. 

The  old  y)ridgc  was  located  on  a  curve  of  the  river 
and  it  was  decided  to  rebuild  in  the  same  location.  Figure 
]  shows  the  old  bridge  and  the  river  in  flood. 

The  old  bridge;  consisted  of  two  main  spans  each  107 
feet  long  and  16  feet  wide,  then  came  a  section  of  highway 


about  117  feet  long,  located  on  an  island  and  contained 
between  two  concrete  retaining  walls.  This  was  followed 
by  another  bridge  96  feet  long  by  16  feet  wide  over  a  flood 
channel.  Due  to  the  height  that  the  floods  attained  at 
times,  it  was  decided  that  (a)  a  girder  bridge  was  out  of 
the  question;  (b)  as  it  was  an  unemployment  scheme  for 
local  labour  it  should  be  a  concrete  bridge;  (c)  due  to  (a) 
and  (6)  the  only  type  of  bridge  to  fit  the  location  was  a 
bowstring  arch;  (d)  the  island  should  be  excavated  to  2 
feet  above  the  approximate  low  water  level;  (e)  the  bridge 
should  be  designed  to  consist  of  five  spans  each  of  82  feet 
2  inches  with  a  24-foot  roadway  and  a  5-foot  6-inch  side- 
walk on  the  upstream  side. 

The  total  length  of  the  bridge  is  457  feet  2  inches  to 
the  ends  of  the  wing  walls.  The  height  of  the  floor  is  19 
feet  above  approximate  low  water  level,  and  the  founda- 
tions extend  to  a  maximum  of  15  feet  below  low  water 
level  into  hardpan.  Figure  2  shows  the  completed  bridge. 
The  lamp  posts  are  of  concrete  and  add  a  decided  finishing 
touch  to  the  structure. 

Design 

In  figuring  the  stresses,  class  20H  loading  in  accordance 
with  the  general  specifications  for  Highway  Bridges,  1933, 
was  used.     The  loading  allows  for: 

(o)  Maximum  uniform  live  load  of  100  pounds  per 
square  foot  of  roadway  or  (6)  two  lanes  of  15-ton  trucks 
with  the  trucks  following  each  other  at  30  feet  apart,  or 
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Fig.  1 — Old  Bridge  across  Grand  River  at  Bridgeport,  Ont. 


one  lane  of  20-ton  trucks  following  each  other  at  30  feet 
apart. 

(c)  A  uniform  live  load  of  100  pounds  per  square  foot 
on  the  sidewalk,  but  only  25  pounds  per  square  foot  to  be 
used  with  case  (a)  or  (6)  in  figuring  loads  in  arches.  An 
impact  factor  of  30  per  cent  was  added  to  the  truck  load 
stresses.  Influence  lines  were  used  to  ascertain  the  position 
of  trucks  for  maximum  stress  in  the  arch  ribs.  Hard  grade 
steel  was  used  throughout  with  an  allowable  working  stress 
of  20,000  pounds  per  square  inch  except  for  hangers  and 
ties,  where  soft  grade  steel  was  used  with  a  permissible 
stress  of  16,000  pounds  per  square  inch. 

The  piers  and  abutments  were  designed  as  straight 
gravity  piers  and  abutments.  A  typical  pier  is  illustrated 
in  Fig.  3  and  abutment  No.  1  in  Fig.  4. 

A  general  elevation   plan   of  the   bridge  is  shown  in 

The  floor  is  a  straight  beam  and  slab  design,  with  the 
concentrated  load  for  a  20-ton  truck  with  80  per  cent  of 
the  load  on  rear  axle  found  by 

p  _      40  per  cent  of  weight  of  truck 

~  (2/3  I)  +  t  (not  to  exceed  6  feet) 
I  =  clear  span  in  feet 
t  =  width  of  tire  in  feet  —  1  inch  per  ton. 
it  will  easily  be  seen  that  in  this  type  of  bridge  the  beams 
supporting  the  deck  must  be  arranged  transversely  as  shown 
in  Fig.  6  which  shows  a  cross  section  of  the  bridge. 


There  is  an  economical  thickness  of  the  slab  which  in 
turn  governs  the  spacing  of  the  beams.  This  thickness  of 
slab  is  governed  by  the  shearing  stresses,  in  other  words 
the  slab  has  to  be  of  a  certain  thickness  in  order  that  the 
shearing  stresses  shall  not  become  serious.  Referring  to 
Fig.  6,  it  will  be  seen  that  the  deck  platform  is  on  the  same 
level  as  the  tie  beam.  This  is  done  purposely,  and  in  con- 
junction with  the  vertical  suspender  at  the  end  of  each 
beam  provides  an  inherent  transverse  stiffness  at  frequent 
intervals. 

Design  of  Curved  Rib 

The  curved  rib  members  are  considered  as  two- 
hinged  arches,  and  are  made  of  parabolic  form.  The  rise 
of  the  curved  rib  is  taken  as  at  about  one-sixth  the  length 
of  the  span. 

The  horizontal  thrust  H  =  Pl/S  f  where  P  =  load, 
I  =  span,  /  =  rise. 

The  axis  of  the  arch  is  a  parabola  of  the  second  degree. 
Thus,  the  line  of  resistance  for  a  uniform  load  over  the 
entire  span  falls  on  the  axis  of  the  arch  and  causes  no 
bending  moments  or  shearing  forces  to  be  developed  in  any 
section  of  the  arch.  The  bending  moment  at  any  point  is 
Ms  =  Mf  —  Hy  where  Mf  is  the  bending  moment  in  a 
freely  supported  beam,  y  =  vertical  distance  of  the  centre 
of  the  section  from  the  support,  and  H  ==  horizontal  thrust 
at  the   point.     Calculations  for  several  different  arrange- 


Fig.  2— New  Bridge  at  Bridgeport. 
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ments  of  loading  have  to  be  made  to  ascertain  the  maximum 
positive  and  negative  moments  developed. 
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a  =  angle  of  tangent  to  rib  axis 
section  considered. 
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Detail  of  Typical  Pier. 


Connection  of  Curved  Ribs  with  Horizontal  Ties 

A  point  of  vital  importance  and  one  requiring  most 
careful  attention  when  detailing  the  reinforcing  and  during 
construction,  is  the  connections  between  the  curved  rib  and 
tie. 

The  distribution  of  stress  at  these  points  is  by  no 
means  uniform,  and  great  care  is  required  to  design  the 
junction  of  these  members  in  such  a  way  that  the  tension 
in  the  horizontal  tie  is  gradually  absorbed  from  the  longitu- 
dinal I'einforcement  aiid  transmitted  to  the  curved  rib, 
where  it  neutralizes  the  horizontal  component  of  the  normal 
compression  force  in  this  member. 

Another  point  of  interest  is  that  of  extending  the 
bottom  portion  of  the  expansion  plate  under  the  fixed  end 
of  the  arch.     (See  Fig.  7.) 

Construction 

Bids  for  the  construction  of  the  bridge  were  received 
from  several  contractors  as  follows,  the  Commission  supply- 
ing the  cement  and  reinforcing: — 

Total  cost 

Storm's  Contracting  Company  Limited .167,680.95 

Wnidsor  Construction  Company  Limited 67,838.52 

Cameron  and  Phin 68,183.80 

R.  A.  Blyth 69,306.60 

Dunker  Brothers 69,306.60 

Bowman  and  Martin 72,318.50 

Aiken,  Innes  and  MacLachlan 79,084.00 

W.  Holdcroft  and  Co.  Ltd 79,175.30 

Ball  Brothers 79,239.65 

Ryan  CJontracting  Company 79,200.84 

and  several  others. 

The  contract  was  awarded  to  the  Storm's  Contracting 
('ompany  of  Toronto,  and  was  carried  out  under  Mr. 
Harry  Weller  as  general  superintendent.  The  work  was 
done  in  a  thorough  workmanlike  manner  to  completion, 
and  if  all  contracts  were  carried  out  as  satisfactorily  the 
life  of  the  inspector  and  resident  engineer  would  be  a  happy 
one.     The    construction   was   started   toward   the   end   of 


April,  1934,  and  the  work  carried  on  with  one  shift  except 
for  the  pouring  of  the  floor  and  sidewalk,  when  two  shifts 
were  used. 

As  the  water  level  at  this  time  was  about  3  feet  above 
normal  low  water  and  the  current  was  consequently  I'ather 
fast,  it  was  decided  to  begin  at  the  easterly  end  so  that 
by  the  time  the  work  had  progressed  to  the  completion  of 
the  east  abutment  and  two  easterly  piers,  the 
water  would  be  sufficiently  low  to  warrant  work 
on  the  west  abutment  and  the  two  westerly 
piers  which  were  in  the  river  proper. 

This  programme  was  successful  beyond  ex- 
pectation as  contrary  to  the  general  belief  there 
were  no  floods  oi'  high  water  of  any  kind  during 
the  entire  summer.  In  fact  the  water  was  so  low 
and  the  flow  so  small  that  a  ford  was  con- 
structed upstream  from  the  bridge.  This  was 
used  to  divert  traffic  and  also  made  both  ends 
of  the   bridge  accessible. 

The  existing  steel  spans  were  practically 
coincident  with  the  new  structure  and  all  possible 
use  was  made  of  them;  the  spans  being  dis- 
mantled only  as  the  progi'ess  of  the  new  work 
required. 

The  excavation  of  the  island  was  carried 
out  by  pick,  shovel  and  teams.  Excavation  for 
the  east  abutment  and  the  two  easterly  piers 
was  done  by  the  open  cut  method,  using  a 
Koehring  crane  and  clam  shell  bucket.  The 
material  encountered  was  clay  hardpan  under- 
lying a  12-foot  layer  of  water-bearing  gravel, 
('ontinuous     pumping     was     necessary,     which 


Fig.  4— Detail  of  Abutment  No.  1. 
a  Section  through  Abutment, 
b  Plan  of  Abutment, 
c  Section  through  Wing  Wall 

lowered  the  water  table  to  such  an  extent  that  the  neigh- 
bouring wells  were  put  out  of  action  temporarily. 

The  hardpan  was  excavated  with  the  use  of  air  spades. 
Excavations   were  cut  neat  to   line  and    concrete   poured 
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Fig.  5 — General  Elevation  of  Bridge. 


without  forms  to  2  feet  below  the  surface  of  the  hard  pan. 

The  excavation  for  the  west  abutment  and  the  two 
westerly  piers  being  in  the  river  proper,  had  to  be  un watered. 
This  was  accomplished  without  any  trouble  by  throwing 
an  earth  dam  from  the  island  to  the  old  pier  which  was 
about  the  centre  of  the  river.  This  dried  out  half  the 
river  and  besides  allowing  the  excavation  to  be  done  in 
the  dry,  also  allowed  the  placing  of  underpinning  piles  by 
hand.  This  was  accomplished  by  sinking  the  butts  of  the 
piles  down  about  2  feet  into  the  hardpan.  The  material 
encountered  in  this  section  was  the  same  type  of  hardpan 
as  on  the  east  end  with  a  layer  of  large  boulders  in  the 
river  bed.  When  work  was  finished  in  this  part  of  the 
river,  the  wings  of  the  dam  were  thrown  back  to  the  west 
shore  and  that  section  handled  in  the  same  manner.  Figure 
8  is  a  general  view  showing  the  old  cofferdam  from  the  island 
to  the  old  pier  and  the  cofferdam  in  use  from  the  old  pier 
to  the  west  bank.  The  excavation  for  pier  No.  1  is  also 
shown  with  abutment  No.  2  and  piers  No.  2,  3  and  4 
completed. 

The  underpinning  for  the  easterly  half  of  the  bridge 
consisted  of  piles  placed  on  mud  sills  resting  on  gravel 
while  the  westerly  half  was  as  described  with  the  piles 
being  sunk  into  the  hardpan.  Practically  no  settlement 
was  experienced  in  the  latter  but  in  the  former  there  was 
a  maximum  of  three  quarters  of  an  inch.  Enough  piling 
was  supplied  for  the  entire  structure  and  enough  timber 
for  three  spans  which  allowed  the  work  to  proceed  without 
interruption. 


Five-inch  quarter  dressed  lumber  and  two-by-six-spruce 
was  used  for  form  work,  and  enough  supplied  for  three 
spans.    Band  iron  and  clamps  were  used  for  form  ties. 

The  concrete  was  mixed  at  either  end  and  transported 
by  buggies  and  duckboards.  A  Koehring  No.  7S  mixer 
was   used.     The   deck   and   sidewalk  for  each   span   were 


Fig.  7 — Section  of  Arch  Rib  and  Lower  Chord. 

poured  without  intermission  and  the  arch  ribs  were  poured 
with  a  small  wooden  tower  and  special  bucket. 

Washed  sand  and  gravel  were  supplied  from  a  local 
pit  about  one  mile  from  the  site,  and  the  cement  was  used 
direct  from  a  Canadian  National  Railways  siding  a  short 
distance  from  the  bridge.  Both  the  cement  and  gravel 
were  hauled  across  the  ford  without  difficulty. 
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Fig.  6 — Cross  Section  Through  Superstructure. 
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The  concrete  mixes  used  in  the  structure  were  as 
follows:  the  mass  concrete  in  the  piers  and  abutments, 
Class  C — \-2}4-'^H  for  2,000  pounds  per  square  inch  con- 
crete,   in    the    floor   and    sidewalk   class   B,    \-\}i-'i]/i    for 


Fig.  8 

2,500  pounds  per  square  inch  concrete,  and  in  the  arch 
hangers,  railing  and  lamp-posts.  Class  A — 1-13/^-23/2  for 
3,000  pounds  per  square  inch  concrete.     The  following  was 


the  average  result  indicated  from  several  tests  of  each  class 
of  concrete: 

Class  C — 3,165  pounds  per  square  inch. 
Class  B — 2,775  pounds  per  square  inch  at  fourteen  days. 
Class  A — 3,450  pounds  per  square  inch. 
The  class  C  concrete  for  the  piers  and  abutments  was 
naturally  poured  much  stiffer  than  was  possible  for  classes 
B  and  A.  It  is  interesting  to  note  that  the  leaner  and  dryer 
concrete  gave  results  almost  as  high  as  the  richer  but  wetter 
concrete. 

The  contract  was  completed  within  the  scheduled  time 
and  the  total  construction  cost  of  the  bridge  amounted  to 
approximately  .168,000.  The  main  items  included  were: — 
Excavation  for  abutments  and  piers. . .  1,262.4  cubic  yards 
Removal  of  old  masonry  and  concrete .        958.3  cubic  yards 

Island  excavation 14,580.0  cubic  yards 

Concrete 2,680.9  cubic  yards 

Reinforcing  steel 158.3  tons 

Cement 4,400.0  barrels 

Labour  man-days 6,964 

The  cost  was  distributed  as  follows: 

Labour     Material 

Federal  Relief 333/^ 

Provincial  Relief 333/^ 

Provincial 16^      50  per  cent 

County 83^3      25  per  cent 

Kitchener 83/3      25  per  cent 

The  bridge  was  designed  by  and  built  under  the  super- 
vision of  the  writer. 


Testing  and  Research  for  the  Hydro-Electric 
Power  Commission  of  Ontario 


W.  p.  Dobson,  M.E.I.C.^ 
DISCUSSION 


Dr.  R.  W.  Boyle,  m.e.i.c.^ 

With  regard  to  the  question  of  vibration  of  transmission 
wires.  This  is  a  rather  serious  problem  as  far  as  line  main- 
tenance is  concerned  and  it  seems  it  is  very  difficult  to 
identify  the  source  of  vibration  on  the  line  by  which  the 
actual  damage  is  done.  As  various  types  of  vibrations  can 
occur  all  at  once  when  there  is  a  gale  or  a  gust  of  wind, 
where  failures  take  place  there  must  have  been  a  compound- 
ing of  stresses  such  as  tension  and  torsion.  This  paper 
does  seem  to  give  new  light  and  information  on  what  may 
take  place.  Now  spans  have  been  lengthened  and  it  has 
been  necessary  to  increase  the  tension  in  the  transmission 
wires  and  to  reinforce  the  line  with  additional  strength, 
therefore  a  steel  core  is  used;  but  it  seems  that  some  re- 
search ought  to  be  pursued  by  someone  in  an  endeavour 
to  find  new  alloys.  A  new  alloy  of  a  tougher  material  less 
subject  to  bend  and  of  better  torsional  strength  so  that 
so  much  steel  reinforcement  would  not  be  required.  Is 
there  anybody  in  the  world  attempting  to  solve  this  par- 
ticular problem  ? 

J.  P.  Henderson,  a.m.e.i.c' 

Wind  vibrations  in  transmission  wires  would  seem  to 
cause  a  similar  problem  to  that  encountered  in  the  construc- 
tion of  aeroplanes,  aeroplane  struts  and  wires.  All  are 
familiar  with  the  singing  of  the  wires  in  the  wind.     Has 


'Paper  presented  at  the  Annual  Meeting  of  The  Engineering 
Institute  of  Canada  held  at  Toronto,  Ont.,  February  8th,  1935,  and 
puhlislied  in  tlie  March  \'-Xi!)  issue  of  The  Journal. 

^Director,  Division  of  Physics  and  Engineering,  National  Research 
Council,  Ottawa,  Ont. 

•Astroncjirier,  Dominion  Observatory,  Ottawa,  Ont. 


streamlining  ever  been  considered  feasible  in  any  way  for 
transmission  wires  ? 

O.  W.  Titus" 

The  question  Mr.  Henderson  has  raised  about  develop- 
ing a  streamlined  conductor  has  been  considered  in  the  past 
and  there  are  some  objections  to  it.  Take  the  aeroplane: 
the  wire  is  supported  between  two  reasonably  rigid  supports. 
It  cannot  turn  transversely  to  the  line  of  flight.  But  with 
line  conductors  one  must  consider  supports  which  are  not 
particularly  rigid  and  with  these  one  thousand  feet  apart 
the  stresses  are  somewhat  complicated  at  a  midpoint  five 
hundred  feet  away. 

The  wires  turn  transversely  and  this  increases  the 
difficult  conditions.  Another  objection  to  streamlining  is 
that  corona  losses  must  be  cut  down.  This  would  not 
seem  to  amount  to  much  but  when  there  is  270  miles  of 
wire  it  becomes  an  economic  factor.  The  most  efficient 
way  to  reduce  corona  losses  is  to  obtain  something  that 
is  an  absolutely  smooth  cylinder.  The  moment  this  is 
departed  from  the  corona  losses  are  higher.  Streamlined  ■ 
types  being  of  non-uniform  cross-section,  that  is,  not  being 
completely  circular,  tend  to  increase  the  corona  losses. 

Another  question  that  has  been  raised  is  the  develop- 
ment of  alloys.  In  this  connection  the  manufacturer  runs 
into  a  problem  immediately.  When  you  take  a  metal 
which  is  a  very  efficient  electric  conductor  and  start  to 
mix  things  with  it  to  increase  its  strength,  you  usually 

<Chief  Electrical  Engineer,  Canada  Wire  and  Cable  Company 
Limited,  Toronto,  Ont. 
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Trans-Atlantic  Air  Transport 

J.  11.  Parkin,  M.E.I.C., 
Ottawa,  Ont. 

Paper  presented  before  the  Aeronautical  Section  of  the  Ottawa  Branch  of  The  Engineering  Institute  of  Canada,  on  May  11th,  1934. 

SUMMARY. — The  various  routes  for  air  traffic  across  the  Atlantic  are  considered  with  respect  to  climatic,  navigational  and  other  difficulties,  and 
the  capabilities  of  existing  aircraft  for  this  service  are  discussed.  It  is  suggested  that  there  Is  now  a  favourable  opportunity  for  the  establishment  of  a  fast 
alr-and-steamer  service  and  ultimately  an  all-air  service  between  Europe  and  North  America  via  the  St.  Lawrence. 


Canada  occupies  a  geographical  position  whose  im- 
portance in  connection  with  future  air  transport  routes, 
particularly  those  between  Europe,  America  and  the 
Orient,  can  hardly  be  exaggerated.  At  the  present  time, 
due  to  the  excellence  of  the  trans-Pacific  service  of  the 
Canadian  Pacific  steamships  and  of  her  transcontinental 
railways,  one  of  the  greatest  trade  routes  between  east  and 
west  lies  through  Canada. 

With  the  development  of  air  routes  to  the  east  via 
Europe  and  India,  Canada  is  in  danger  of  losing  this  traffic 
and  the  benefits  accruing  therefrom.  However,  with  the 
proper  development  of  air  lines,  the  advantage  will  still 
rest  with  the  Canadian  route.  There  will  be  the  additional 
great  advantage  as  compared  with  the  Europe-India  route, 
that  it  will  be  an  all-Empire  route. 

Examination  of  a  map  prepared  on  the  conical  ortho- 
morphic  projection  will  disclose  important  facts  concern- 
ing the  geographical  position  of  Canada  not  generally 
realized  from  a  study  of  a  map  on  the  Mercator  projection. 
It  will  be  observed  that  the  great  circle  route,  the  shortest 
and  most  direct,  between  the  industrial  region  of  Europe 
through  London  to  Montreal  and  the  industrial  region  of 
North  America  passes  via  Newfoundland  almost  directly 
down  the  valley  of  the  St.  Lawrence.  Similarly,  the  great 
circle  route  to  the  Orient  from  Chicago  passes  through 
Winnipeg,  north  of  Edmonton,  through  the  Yukon  and 
Alaska,  across  Behring  Straits,  down  the  coast  of  Siberia 
and  through  the  Japanese  Islands.  Canada  thus  occupies 
a  key  position  on  these  routes  and  one  which  is  fully 
realized  by  the  powerful  aviation  interests  already  at  work 
endeavouring  to  establish  and  dominate  world  air  routes. 
In  fact,  Canadians  perhaps  least  of  all  realize  the  economic 
importance  of  the  position  of  the  Dominion  at  the  cross- 
roads of  the  future  air  routes  of  world  commerce. 

History  shows  that  great  trading  centres  always 
develop  at  the  cross-roads,  and  modern  London,  New 
York,  Hamburg,  Amsterdam  and  Montreal  all  demonstrate 
this  fact.  Through  traffic  creates  permanent  trade  at  the 
junction  points,  and  railways,  hotels,  merchants,  amd  manu- 
facturers all  derive  profit  from  the  flow  of  commerce  and 
passengers.  Montreal,  Winnipeg,  Vancouver  and  the  whole 
Dominion  will  derive  manifold  benefits  from  the  flow  of 
this  international  air  traffic  if  preparations  are  made  to 
take  advantage  of  Canada's  favourable  geographic  position 
and  conduct  future  air  traffic  via  the  Dominion. 

The  great  barrier  to  communication  between  the  con- 
tinents of  Europe  and  America  is  the  Atlantic  ocean.  This 
barrier  has  been  successively  overcome  by  sailing  vessels, 
steamships,  submarine  cable  and  wireless  telegraphy  and 
telephony.  It  is  in  process  of  being  surmounted  by  air- 
craft, since  over  fifty  non-stop  crossings  have  been  made 
of  the  North  and  South  Atlantic  oceans.  The  flights  of  the 
Graf  Zeppelin  between  Germany  and  Brazil  are  the  nearest 
approach  to  a  regular  service  as  yet  attempted. 

To  circumvent  the  great  length  of  the  open  sea  crossing, 
many  flights  have  been  made  around  the  north  and  south 
of  the  North  Atlantic  and  these  routes  and  those  proposed 
for  future  commercial  use  may  be  broadly  classed  as 
northern,  southern  and  direct. 


Northern  Routes 

The  northern  routes,  a  number  of  which  already  flown 
are  shown  in  Fig.  1,  touch  the  Shetland  and  Faroe  Islands, 
Iceland,  Greenland  and  run  then  either  via  Labrador  and 
Newfoundland  to  New  York  or  cross  Davis  Strait,  Northern 
Quebec  to  the  east  shore  of  Hudson  Bay  and  thence  through 
Northern  Ontario  via  Cochrane  to  Detroit  or  to  Chicago. 

In  addition  to  its  greater  length,  the  disadvantages  of 
the  northern  route,  as  given  by  Commander  von  Gronau, 
who  has  thoroughly  explored  its  possibilities  in  the  course 
of  three  flights  by  different  routes  from  Europe  to  America 
via  Greenland,  are  outlined  below. 

The  extraordinary  gustiness  on  the  Iceland  coast  is 
notorious  and  fogs,  typical  phenomena  of  oceanic  islands, 
frequently  envelop  the  coast  and  hide  the  coastal  moun- 
tains. Floating  ice  and  icebergs  are  prevalent  between  Ice- 
land and  Greenland  and  may  cover  the  entire  stretch  of 
sea  even  in  August.  The  ice  makes  landing  and  taking  off 
dangerous  and  difficult  on  the  east  coast  of  Greenland. 

There  are  no  reliable  maps  of  Greenland  and  the  in- 
terior is  unexplored,  although  in  recent  years  several  expedi- 
tions have  been  at  work.  On  the  east  coast  there  are  only 
two  settlements — Angmagsalik  and  Scoresby  Sound  and 
only  one  region  where  musk  ox  can  exist.  The  east  coast 
marginal  area  of  fjords,  high  promontories,  glaciers  and 
mountain  ranges,  of  which  there  are  two,  is  some  150  miles 
wide.  The  coastal  range  on  the  west  coast  is  of  equal 
width  with  deep  fjords  and  glaciers.  The  mountains  range 
in  height  from  8,000  to  13,000  feet. 

The  inland  ice  region  ranges  in  height  from  9,000  to 
10,000  feet.  While  this  appears  flat  and  an  emergency 
landing  could  possibly  be  made  with  a  seaplane,  it  is  quite 
uninhabited  and  to  reach  the  coast  settlements  would  be 
difficult,  in  fact,  toward  the  warmer  west  coast,  walking  is 
practically  impossible.  In  the  interior,  low  clouds,  mist 
and  snow  frequently  reduce  the  visibility  to  zero  and  con- 
ditions favourable  to  the  formation  of  ice  on  aircraft 
prevail  for  six  months  in  the  year.  There  is  an  extensive 
radio  dead  region,  of  some  five  hours'  flight,  precluding 
receipt  of  weather  reports  or  direction  bearings  and  mag- 
netic variations  of  40  to  70  degrees  render  the  magnetic 
compass  of  doubtful  value. 

The  west  coast  is  heated  by  the  Gulf  Stream  to  some 
extent  and  by  warm  air  from  the  tropics  which,  under 
certain  atmospheric  conditions,  penetrates  these  regions,  so 
that  the  coast  and  fjords  are  relatively  free  of  ice  for  most 
of  the  year  except  when  southwest  winds  fill  or  block  the 
fjords  with  drift  ice.  In  the  summer,  there  is  much  floating 
ice  in  the  stream  flowing  north  along  the  coast,  which, 
with  the  cold  water  of  Davis  Strait  gives  rise  to  surface 
fog.  Westerly  winds  blow  this  fog  inland  and  into  the 
open  fjords.  Narrow  fjords,  closed  toward  the  sea  by  high 
mountains,  are  not  penetrated  by  the  mist  and  hence 
might  serve  as  airports  were  it  not  for  the  frequent  strong 
down-gusts  within  them.  With  east  winds,  the  fogs  remain 
less  than  a  mile  ofT  shore.  Fog  renders  poiiits  on  the  central 
and  south  sections  of  the  west  coast  unsuitable  for  airports 
for  a  regular  service.  Ice  should  give  little  trouble.  The 
coast  in  the  neighbourhood  of  Godhaab  may  be  regarded 
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as  ice  free  as  there  is  little  drift  ice  this  far  north  and  the 
winter  pack  ice  begins  considerably  to  the  north. 

Very  often  weather  conditions  on  the  east  aivd  west 
coasts  are  exactly  the  opposite,  i.e.,  good  in  the  west  and 
bad  in  the  east. 

The  Davis  and  Denmark  Straits  are  favoured  passages 
through  which  Arctic  air  drains  southward  into  the  middle 
latitudes.  The  Davis  Strait  is  a  region  of  frequent  storms, 
low  clouds  and  freezing  temperature  except  for  short  periods 
in  midsummer.  The  northeast  storms  with  long  periods 
of  cold  rains  and  low  visibility  are  particularly  hazardous. 
Fog  and  floating  ice  characterize  the  Strait  of  Denmark. 

Low  pressure  areas,  moving  across  the  continent  from 
the  west  pass  over  the  New  England  coast  or  Gulf  of  St. 
Lawrence  and  while  many  continue  their  former  track  for 
some  distance  over  the  ocean,  about  50  per  cent  turn  north- 
ward toward  the  west  coast  of  Greenland  or  into  Davis 
Strait.  These  constitute  a  serious  storm  hazard  since  they 
are  preceded  by  strong  easterly  winds,  low  clouds  and  for 
at  least  half  of  the  year  by  temperatures  near  or  below 
freezing. 

Over  Labrador  and  Northern  Quebec  (Ungava)  con- 
ditions are  not  quite  as  bad.  However,  correct  maps  are 
non-existent  and  even  if  available,  the  country  is  feature- 
less, composed  of  masses  of  rock  interspersed  with  thousands 
of  water-holes  and  pools,  all  alike,  rendering  identification 
difficult.  The  country  is  uninhabited  except  for  occasional 
Eskimo  encampments  on  the  coasts.  The  nearness  to  the 
magnetic  pole  results  in  a  deviation  of  50  degrees  in  the 
magnetic  compass.  There  are  occasional  sandy  beaches  on 
the  east  shore  of  Hudson  Bay  suitable  for  emergency  land- 
ings. 

The  remainder  of  the  route  is  one  of  frequent  ocean- 
borne  storms  from  the  southwest.  Clearly  defined  horizons 
are  very  unusual.  As  a  result  of  his  experiences,  von  Gronau 
considered  that  the  best  route  would  be  from  Reykjavik  to 
Cape  Farewell  and  directly  across  to  south  Labrador. 
Given  reliable  organization  so  that  help  would  be  available 
in  case  of  an  emergency  landing,  he  thought  a  regular  route 
possible,  but  did  not  dare  to  say  that  it  could  be  operated 
all  the  year  round. 

Lindbergh,  after  flying  over  this  route,  is  reported  as 
stating  that  there  must  be  no  forced  landings.  Other 
expeditions  have  reported  the  route  very  difficult. 

Unknown  weather  is  the  major  hazard  on  the  Arctic 
routes.  There  are  but  few  weather  stations  in  these  regions. 
The  Canadian  stations  are  along  the  St.  Lawrence;  in 
Greenland,  there  are  two  on  each  coast  with  one  on  the 
southern  tip;  in  Iceland  there  are  two  and  in  the  Faroe 
Islands  one.  There  are  few  ships  in  these  regions  to  supply 
weather  reports.  The  period  of  daylight  is  very  short 
during  the  winter  months. 

The  great  length  of  the  northern  routes  largely  offsets 
the  greater  speed  of  aircraft  and  there  would  be  no  saving 
in  time  over  the  present  four  or  five  day  crossing  in  palatial 
steamers.  The  one  advantage  is  the  short  stages  or  ocean 
flights.  The  provision  of  the  necessary  ground  organization, 
main  and  intermediate  landing  fields,  radio  and  meteoro- 
logical services  in  such  regions,  however,  presents  enormous 
difficulties.  The  price  of  avoiding  long  oversea  flights 
afforded  by  these  routes,  however,  is  not  worth  the  effort, 
expense  and  discomfort. 

In  spite  of  these  disadvantages,  the  northern  route  is 
receiving  much  attention  and  the  Pan-American  Airways 
of  New  York  in  1932  acquired  a  15-year  monopoly  of 
landing  and  aviation  development  rights  in  Iceland  and  a 
license  to  explore  Greenland  with  a  view  to  a  Detroit- 
Copenhagen  service. 

The  flights  of  Cramer  and  Pacquette  (1931),  Preston 
and  Collignon  (1931)  and  Lindbergh  (1933)  over  these  routes 
were  made  under  American  auspices. 


SOUTHKRN    KOUTES 

There  are  a  number  of  so-called  southern  routes,  that 
followed  for  the  first  Atlantic  crossing  in  1919  and  on 
several  subseciuent  occasions,  the  latest  being  the  Italian 
formation  flight  in  1931,  runs  from  Newfoundland  via  the 
Azores  to  Lisbon.  Another  runs  from  New  York  to  the 
Azores,  roughly  following  the  New  York-Gibraltar  steamer 
lanes,  while  the  most  southerly  is  that  from  New  York, 
Charleston  or  Norfolk  via  Bermuda  and  the  Azores. 

Pan-American  Airways  are  negotiating  for  permission 
to  use  the  Azores  and  Portuguese  territory  in  connection 
with  a  regular  service. 

The  principal  disadvantage  of  these  routes  is  the  long 
sea  crossings  varying  from  800  to  2,000  miles.  The  islands 
of  Bermuda  and  the  Azores,  after  flights  of  such  lengths 
over  sea,  present  very  small  landfalls  and  call  for  accurate 
navigation.  In  addition,  there  are  relatively  few  ships  in 
the  neighbourhood  of  the  most  southern  route  to  supply 
information  on  which  to  prepare  accurate  weather  maps 
and  forecasts. 

Horta,  on  the  southeast  coast  of  Fayal,  the  only 
harbour  worth  considering  in  the  Azores,  is  only  useful  in 
relatively  calm  weather  and  is  none  too  favourable  for 
flying  boats.  The  harbour  is  considerably  silted  up  and  its 
effective  size  is  much  smaller  than  appears  from  the  charts. 
It  could  be  made  an  excellent  harbour  at  considerable  cost. 

Weather  conditions  are  said  to  be  generally  favourable 
on  the  southern  route  (Bermuda-Azores)  for  all  year  round 
flying.  The  air  is  generally  clear,  fogs  are  infrequent  and 
over  most  of  the  course  the  winds  are  not  stormy.  There 
are  tropical  cyclones  which  usually  occur  in  late  summer 
and  autumn  and  cannot  be  foreseen  since  they  originate 
south  of  the  Bermuda-Azores  line,  in  a  region  rarely 
traversed  by  ships.  Local  thunderstorms  also  occur.  In 
daylight  these  disturbances  may  be  avoided,  but  at  night 
their  course  and  extent  are  difficult  to  estimate. 

The  best  known  storms  forming  over  the  warmer  parts 
of  the  ocean  are  the  hurricanes.  As  a  rule,  they  appear 
in  the  doldrum  area,  travelling  first  in  a  westerly  direction, 
then  turning  to  the  north  on  some  meridian  west  of  Bermuda 
and  finally  to  the  northeast.  Many  of  these  leave  the 
tropics  between  Bermuda  and  the  Azores.  They  usually 
form  in  the  late  summer.  Those  of  the  early  part  of  the 
season  originate  near  the  Azores  and  proceed  on  a  course 
north  of  west  before  leaving  the  tropics  to  join  in  the 
eastward  procession.  After  August,  they  form  in  mid- 
ocean.  No  doubt  many  lesser  storms  and  some  severe  ones 
come  north  from  the  southern  portion  of  the  ocean  at  other 
times  of  the  year  as  well.  Severe  storms  often  breed  over 
the  coastal  waters  south  of  Hatteras  and  are  rejuvenated 
continuously  as  they  follow  the  Gulf  Stream,  often  acquir- 
ing sufficient  energy  to  carry  them  across  the  ocean. 

Of  some  thousands  of  ocean  storms  studied,  only  10 
per  cent  were  traced  from  one  continent  to  the  other,  21 
per  cent  were  observed  on  one  coast  or  the  other  and  32 
per  cent  of  those  that  reached  Europe  were  ocean  born. 

Weather  maps  indicate  that  slightly  north  of  the  direct 
Bermuda-Azores  line  the  prevailing  winds  are  light  westerly 
and  northwesterly  and  a  little  south  of  the  line  the  winds 
are  light  northeasterly,  calm  or  light  westerly.  By  flying 
somewhat  south  of  the  direct  course  on  westerly  flights  and 
north  on  easterly  flights,  advantage  could  be  taken  of 
favourable  winds.  From  New  York  to  London  via  Bermuda 
and  the  Azores  is  4,700  miles  approximately. 

The  route  from  New  York,  following  the  steamer  lane 
for  some  1,200  miles  and  then  via  the  Azores  to  Vigo  or 
Corunna  possesses  many  desirable  features,  but  is  long  and 
requires  accurate  navigation.  From  New  York  to  London 
via  Vigo  is  some  4,200  miles  by  this  route.  Compared  with 
the  direct  Great  Circle  route,  it  is  less  stormy,  less  cloudy 
and  lies  south  of  the  fogs  of  the  Grand  Banks.     Weather 
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information  may  he  had  all  along  this  route.  If  radio- 
cquii)ped,  aircraft  may  always  he  able  to  reach  assistance 
within  a  few  hours'  flying.  It  has  much  promise  as  a  two- 
way  route  even  in  winter. 

Two  proposals  have  been  made  to  overcome  the 
handicap  of  the  long  ocean  flights  of  the  southern  route, 
one  using  seadromes  and  the  other  the  ship-to-shore 
service. 

Seadromes 

Floating  islands,  by  providing  refueling  facilities  at 
short  intervals,  reduce  the  necessary  fuel  load  with  a 
corresponding  increase  in  pay  load.  The  United  States 
government  in  1933  voted  some  $1,500,000  for  the  construc- 
tion of  a  quarter-section  of  one  of  the  so-called  Armstrong 
seadromes.  If  tests  with  this  are  successful,  it  is  proposed 
to  build  a  complete  unit  at  a  cost  of  $6,000,000  and  con- 
tingent upon  its  success,  a  total  of  five  are  proposed  to  V)e 
anchored  at  not  less  than  500-mile  intervals  betAveen  New 
York  and  the  Azores  along  the  39th  parallel  of  latitude  and 
between  the  Azores  and  Vigo,  Spain. 

The  landing-deck  of  the  seadromes  is  to  be  1,000  by  300 
feet,  supported  100  feet  above  the  sea  on  a  structure  in- 
corporating twenty-eight  buoyancy  tanks  floating  about  100 
feet  below  the  surface  to  avoid  wave  action  and  another 
100  feet  below  which  are  ballast  tanks.  The  tank  columns 
(streamlined  in  the  region  of  wave  action)  are  some  300 
feet  in  overall  length  and  are  interconnected  by  tubular 
struts  and  cables.  The  structure  is  anchored  to  the  sea 
bottom,  which  will  be  as  much  as  three  miles  below  the 
surface.  The  proposed  seadromes  are  provided  with 
hangars,  hotel  accommodation,  etc.,  below  the  flying  deck. 
The  normal  population  of  each  seadrome  would  be  about 
one  hundred  and  twenty-five,  with  hotel  accommodation 
for  three  hundred. 

It  is  considered  that  there  would  be  considerable 
difficulty  in  landing  aircraft  on  this  relatively  small  plat- 
form in  fog  or  unfavourable  weather,  even  with  modern 
blind-flying  facilities.  To  avoid  this  trouble  insofar  as 
possible,  it  is  proposed  to  anchor  the  seadromes  in  regions 
least  susceptible  to  fog. 

The  chief  objection  to  the  floating  island  plan,  since 
it  appears  technically  feasible  to  construct  the  enormous 
floating  platforms  of  sufficient  strength,  although  anchor- 
ing them  presents  difficulties,  is  the  enormous  cost,  some 
$50,000,000  for  the  whole  undertaking.  This  is  a  serious 
handicap  to  the  operation  of  a  commercial  air  route  on  an 
economic  basis.  Assuming  aircraft  capable  of  carrying  one 
ton  of  payload  for  500  miles  between  the  seadromes,  it 
would  appear  much  cheaper  to  employ  four  or  five  times 
the  number  of  aircraft,  each  carrying  a  payload  of  only 
400  to  500  pounds  over  the  2,000  miles  between  New- 
foundland and  Ireland. 

From  an  aeronautical  viewpoint,  the  seadrome  is  an 
evasion  of  the  real  problem,  namely  the  provision  of  a 
land-to-land  service  without  intermediate  landings. 

Ship  Refueling  and  Launching 

Germany  has  been  trying  out  a  somewhat  similar 
plan  in  the  South  Atlantic.  The  ship,  Westfalen,  equipped 
with  catapult  and  a  special  trailing  apron  was  stationed 
midway  between  Bathurst,  Gambia  and  Natal,  Brazil.  In 
landing,  in  rough  weather,  the  ship  steams  slowly  into  the 
wind,  trailing  the  fabric  apron  behind.  The  flying-boat 
lands  and  taxies  up  on  the  apron,  is  lifted  aboard,  refueled 
and  launched  by  catapult. 

The  first  flight  was  made  in  June  1933,  from  Berlin 
via  Cadiz-Bathurst-Westfalen-Natal,  the  ocean  stage  tak- 
ing fifteen  hours  five  minutes. 

Ship-to-.Shore  Service 

In  1928,  the  He  de  France,  of  the  French  line,  was 
equipped  with  a  catapult  for  a  ship-to-shore  service.    The 


Germans,  in  co-operation  with  the  French  and  Swiss,  have 
operated  since  1929,  during  the  summer  months,  a  ship-to- 
shorc  service  for  first  class  mail  between  Southampton  and 
New  York.  The  liners  Bremen  and  Europa  are  equipped 
with  catapults.  On  the  western  trips,  the  Heinkel  seaplane, 
carrying  300  to  400  pounds  of  mail,  is  catapulted  from  the 
liner  at  distances  varying  from  70  to  1,545  miles  from  shore, 
depending  on  weather  conditions,  generally  600  miles  out, 
off  the  Nova  Scotia  coast,  and  flies  to  New  York.  In  some 
cases,  Canadian  mail  is  landed  at  Halifax  l)efore  proceeding 
to  New  York  and  stops  are  sometimes  made  at  Boston. 
Of  seventeen  such  flights  made  in  1931,  savings  in  time 
ranged  from  zero  to  seventy-two  hours. 

On  the  eastbound  trips,  the  aeroplane  leaves  the  liner 
some  500  to  600  miles  out  and  flies  to  Southampton  from 
which  the  mail  is  carried  to  Groydon  and  flown  thence 
to  Cologne.  Of  sixteen  flights  in  1931,  thirteen  showed  an 
average  saving  in  time  of  forty-seven  hours.  It  was 
proposed  to  extend  this  service  to  include  despatch  of 
mail  by  seaplane  from  shore  to  overtake  the  ship  some 
600  miles  from  shore. 

There  were  several  serious  accidents  in  this  service, 
in  which  pilots,  machines  and  mail  were  lost  and  it  was 
considered  so  hazardous  that  neither  the  British  nor  United 
States  post  offices  will  have  anything  to  do  with  it.  There 
is  also  the  consideration  that  the  catapults  take  up  valuable 
space  in  the  liners.  The  arrangement  provides  a  five-day 
service  between  London  and  San  Francisco. 

Direct  Route 

There  remains  the  direct  great  circle  route  from 
Montreal  to  London  via  Newfoundland  and  Ireland,  which 
possesses  the  great  advantage  of  being  wholly  British. 

At  the  present  time,  the  fastest  crossing  by  ship,  the 
Empress  of  Britain,  from  Southampton  to  Quebec,  is  four 
days,  twenty-three  hours,  forty-eight  minutes,  at  an 
average  speed  of  24.8  knots  (1932).  By  taking  the  mails 
off  at  Belle  Isle  and  flying  them  to  Montreal,  a  saving  of 
about  thirty-six  hours  has  been  effected  and  the  time 
between  London  and  Vancouver  reduced  to  five  days, 
seventeen  hours. 

Experimental  Ship-to-Shore  Services — St.  Lawrence 

During  the  summer  of  1927,  experimental  flights  made 
l)y  the  Department  of  National  Defence,  conveying  British 
and  Foreign  mails  between  Montreal  and  Father  Point 
near  Rimouski  to  connect  with  liners,  demonstrated  that 
from  twenty-four  to  seventy-two  hours  could  be  saved  in 
the  delivery  of  incoming  and  outgoing  mail.  As  a  con- 
sequence, a  regular  contract  air  mail  service  between 
Rimouski  and  Montreal  was  commenced  on  May  5th,  1928, 
and  has  been  operated  each  summer  since  then,  with 
great  success,  up  to  800  pounds  of  mail  per  trip  being 
carried. 

The  success  of  this  service  led  to  the  laying  of  plans 
for  its  extension  to  Bradore  Bay  on  the  Strait  of  Belle  Isle, 
just  within  the  Canadian  boundary.  The  first  experimental 
flight  over  the  extended  route  was  made  by  two  seaplanes 
of  Canadian  Airways  in  1930.  Carrying  1,000  pounds  of 
mail,  the  machines  left  Quebec  at  8.30  a.m.  and  arrived 
at  Bradore,  785  miles  distant,  at  5  p.m.,  where,  despite 
adverse  weather  conditions,  the  mail  was  transferred  to 
the  Empress  of  Australia  which  had  left  Quebec  the  day 
before,  thus  effecting  a  clear  gain  of  twenty-four  hours. 

During  the  Ottawa  Imperial  Conference  in  1932,  a 
series  of  ten  experimental  flights  were  made  between  Red 
Bay  on  the  Strait  of  Belle  Isle  and  Ottawa,  to  provide 
faster  mail  service  for  the  Conference  and  to  determine 
the  commercial  feasibility  of  the  service.  The  mail  left 
London  at  2  p.m.,  was  flown  to  C'herbourg  and  placed  on 
the  Empress  of  Britain  which  sailed  at  6.30  p.m.  From 
the  Empress,  passing  Red  Bay  about  2.30  a.m.  of  the  third 
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following  day,  the  mail  was  transferred  to  a  seaplane  by 
naval  tender,  without  deviation  or  appreciable  delay  to  the 
Empress.  The  mail  was  flown  386  miles  in  four  hours  to 
Havre  St.  Pierre  (opposite  Anticosti),  transferred  to  a 
flying  boat  and  Qown  290  miles  in  three  and  a  half  hours 
to  Rimouski  and  again  transferred  to  a  landplanc  and  flown 
314  miles  in  three  and  a  half  hours  to  St.  Hubert  (Montreal) 
reaching  there  at  4  p.m.  of  the  fourth  day.  After  sorting, 
the  American  mail  was  placed  on  the  regular  aeroplane  for 
Albany  and  the  Ottawa  mail  flown  to  Ottawa,  covering 
the  110  miles  in  one  hour,  arriving  at  about  5.30  p.m.  The 
1,100  miles  was  covered  in  a  flying  time  of  twelve  hours 
and  an  elapsed  time  of  fifteen  hours,  the  elapsed  time  from 
London  being  one  hundred  hours,  resulting  in  a  gain  of 
thirty-six  hours.  Eastbound,  the  mail  loft  Ottawa  at 
dawn,  reaching  Red  Bay  at  5  p.m.  to  connect  with  the 
Empress  passing  at  8.30  p.m.,  having  left  Quebec  the  day 
before. 

This  schedule  was  well  maintained  during  the  Con- 
ference and  mail  posted  in  London  was  delivered  as 
follows: — ■ 

Montreal     — 4  days    6  hours  later 

Ottawa         —4     "       8      " 

New  York   —4     "      10      " 

Vancouver  — 6     "       7      " 

Los  Angeles— 5     "     10      " 

Alternative  Routes — Ship-to-Shore  Service 

It  was  found,  in  operating  the  Belle  Isle  service  in 
1932,  that  fogs  were  prevalent  along  the  north  shore  of 
the  Gulf  from  Cape  Whittle  to  the  Strait  and  aircraft  had 
difficulty  getting  through  from  Montreal  to  the  Strait, 
although  the  westbound  flight  from  the  Strait  was  readily 
made.  At  the  same  time,  the  west  coast  of  Newfoundland 
is  said  to  be  relatively  free  from  fog  and  an  alternative 
route  to  that  following  the  north  shore  and  thence  to 
Rimouski  is  to  fly  the  mail  down  the  west  coast  of  New- 
foundland, dropping  the  Newfoundland  mail  at  St.  George's 
Bay  for  transfer  to  the  Newfoundland  Railway  and  thence 
via  Cape  Ray,  Magdalen  Islands,  Prince  Edward  Island 
and  Shediac  to  Moncton  and  via  the  trans-Canada  airway 
to  Montreal.  The  route  possesses  the  advantages  of 
established  airports  and  ground  organization  over  a  large 
part  of  it.    Further,  as  ice  limits  the  use  of  the  Straits  of 


Fig.  i     Junkers  C  38  Monoplane. 

Belle  Isle  to  about  five  months  in  the  year,  during  the 
remainder  of  the  open  season  the  transfer  from  ship  to 
plane  could  be  made  in  Cabot  Strait,  off  Cape  Ray  (possibly 
Cape  Race  and  fly  to  Sydney)  and  the  same  route  followed 
to  Montreal.  In  winter,  the  mail  would  be  transferred  from 
ship  to  aeroplane  at  Halifax  or  St.  John.  The  suggestion 
that  the  mail  should  be  transferred,  in  winter,  at  sea,  off 
Halifax,  does  not  seem  feasible.    Experience  will  quickly 


show  the  most  practical  route  or  routes  down  the  St. 
Lawrence,  all  of  which  possess  the  great  advantage  that 
nowhere  are  the  machines  out  of  sight  of  land. 

Possibilities  of  Combined  Air-Steamship  Service 
The  St.  Lawrence  route  between  Europe  and  America, 
the  shortest  of  the  North  Atlantic  routes,  lends  itself 
admirably  to  a  combined  air  and  steamship  service.  From 
Southampton  to  Montreal  is  3,343  miles,  of  which  1,100 
miles  arc  within  sheltered  waters. 

The  success  of  the  experimental  services,  operated  with 
slow  and  unsuitable  machines  and  insufficient  ground 
organization  and  radio  service,  has  demonstrated  beyond 
doubt  the  practicability  of  such  a  ship-to-shore  service  and 
the  experience  gained  in  operating  the  services  will  be 
invaluable  in  planning  a  practical  air  mail  connection 
between  London  and  Montreal.  With  fast  aircraft,  suit- 
able equipment  and  adequate  organization,  by  flying  the 
mail  from  London  to  Southampton,  placing  it  on  a  fast 
ship  for  carriage  to  Belle  Isle,  transferring  there  to  air- 
craft and  flying  to  Montreal,  a  4-day  service  between 
London  and  Montreal  and  a  four  and  a  quarter-day  service 
between  London  and  New  York  are  quite  feasible. 

With  a  regular  combined  air  and  steamship  service  in 
operation,  via  the  St.  Lawrence,  effecting  savings  in  time 
of  twenty-four  hours  and  upward  between  Europe  and 
points  in  America,  the  flow  of  mail  will  undoubtedly  be 
diverted  to  this  route  despite  the  greater  frequency  of 
sailings  on  the  present  New  York  route. 

Trans-Atlantic  Distances  (approximate) 
Land  Miles 

(A)  Steamers 

Montreal-Southampton  via  Belle  Isle 3,325 

"    Cabot  Strait 3,510 

Halifax-  "  "    track  E 2,960 

St.  John-  "  "       "      CD 3,355 

New  York-       "  "       "     CD 3,630 

(B)  Aircraft 

Montreal-London  via  Great  Circle 3,225 

"  Newfoundland-Ireland 3,380 

"  Iceland-Greenland 3,800 

New  York-London  "  St.  Johns 3,475 

"  Azores,  Corunna,  Brest 4,245 

"  Bermuda- Azores 4,760 

"  seadromes-Mgo-Brest 4,360 

The  Complete  Air  Service 

The  great  circle  distance  from  London  to  Montreal  is 
some  3,225  miles,  of  which  300  to  400  is  between  London 
and  Ireland  and  about  1,000  mfles  between  Newfoundland 
and  Montreal,  leaving  only  1,700  to  1,800  miles  of  open 
sea  distance  between  Ireland  and  Newfoundland.  Much 
would  be  learned  by  operating  initially  a  ship-to-shore 
service  at  both  ends  of  this  route.  There  is  no  doubt, 
after  the  success  attending  the  experimental  services  al- 
ready operated,  that  such  services,  in  a  few  years,  could 
be  run  regularly  and  satisfactorily.  By  that  time,  suitable 
aircraft  for  the  trans-Atlantic  service  would  be  available 
and  the  complete  London-Montreal  air  service  could  be 
placed  in  operation. 

Great  Circle  Route 

The  great  circle  Atlantic  routes  between  Newfoundland 
and  the  British  Isles  are,  of  course,  the  shortest  between 
terminals.  Aside  from  the  length  of  the  oversea  flight,  the 
great  disadvantages  are  those  due  to  the  weather.  The 
prevailing  winds  are  westerly,  varying  from  southwest  to 
northwest.  The  routes  pass  through  the  zones  of  greatest 
storm  frequency  and  thickest  clouds  and  the  Newfoundland 
fogs.  The  region  is  one  of  the  most  completely  overcast 
areas  in  the  northern  hemisphere  and  about  one-half  the 
observations  from  ships  on  the  great  circle  course  report 
precipitation. 

Conditions  favourable  to  the  formation  of  ice  on  the 
aircraft  are  frequent.     Pilots   flying   in    midsummer,  well 
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south  of  the  steamer  lane  and  at  otherwise  desirable  flyinp; 
levels,  have  encountered  ice.  In  summer,  temperatures 
range  from  around  40  degrees  near  Newfoundland  to  over 
70  degrees.  Flight  at  high  altitudes  would  encoimter 
steadier  and  stronger  westerly  winds,  the  prevalence  of 
clouds  would  necessitate  blind  flying  and  the  thick  cloud 
banks  reported  by  many  pilots  suggest  freezing  temperatures 
and  ice  formation  in  their  upper  levels,  even  in  midsummer. 

As  already  mentioned,  most  American  storms  enter  the 
Atlantic  from  the  Newfoundland  area.  Only  a  few  con- 
tinue on  the  easterly  course  to  Europe.  About  half  turn 
toward  the  west  coast  of  Greenland  and  Davis  Strait.  The 
remainder  reach  a  point  of  dispersal  southeast  of  Green- 
land, whence  most  continue  toward  the  British  Isles,  while 
some  turn  northeast  toward  Ireland  and  a  few  bear  off 
southeast. 

An  advantage  of  the  route,  since  it  approximates  the 
steamer  lanes,  is  the  wealth  of  weather  reports  available 
from  the  ships.  In  one  day,  reports  were  received  from 
over  twenty  vessels  in  this  region. 

While  prevailing  currents  of  winds  and  water,  and  the 
average  tracks  of  storms,  and  the  areas  of  greater  gale 
frequency  have  been  established  for  the  shipping  zones, 
the  weather  information  and  maps  are  as  yet  inadequate 
for  scheduled  Atlantic  air  route  operation.  Upper  air 
observations  of  temperature,  wind  and  cloud  are  necessary, 
but  there  is  at  present  no  feasible  method  of  obtaining 
such  information.  Eventually,  the  accumulation  of  in- 
formation from  many  flights  across  the  ocean  will  be  a 
source  of  much  needed  information. 

Means  of  SuRMOUNTiNfi  the  Ice  and  Foe;  Hazards 
In  surmounting  the  fog  difficulty,  the  fog-  and  haze- 
penetrating  properties  of  infra-red  rays  may  prove  of  value. 
A  recent  development  for  use  on  ships  is  a  camera  using 
infra-red  sensitive  plates,  taking  photographs  forw^ard  in 
the  direction  of  the  ship's  course.  The  photograph  is 
available  in  about  a  minute  and,  in  foggy  weather,  provides 
the  ship's  officers  with  a  view,  through  the  fog,  about  one 
mile  ahead.     This,  of  course,  is  too  slow  for  aircraft  use. 

In  the  case  of  ice  formation,  there  are  certain  factors 
w^hich  render  the  problem  less  difficult  than  appears  at 
first  glance: — 

(a)    The  critical  temperature  for  ice  formation  on  air- 
craft  is   near   the   freezing   point.     In   very   cold 
weather,  ice  does  not  adhere.     For  this  reason, 
aircraft  operating  in  the  United  States  experience 
more  trouble  from  ice  than  in  Canada. 
(6)    The  ice  generally  builds  up  on  the  forward  portions 
of  the  wings,  struts  and  other  parts  of  the  machine. 
(c)    To  prevent  the  formation  of  ice  on  the  aeroplane, 
it  is  only  necessary  to  maintain  the  surface  at  a 
fraction    of   a    degree    above    the    freezing    point. 
This  has  been   proved  in  the  freeing  of  hydro- 
electric plants  of  the  ice  trouble. 
Hence,   the   areas   to   be   heated   and  the  amount  of 
heating  required  are  not  as  large  as  might  be  expected. 
The  exhaust  gases,  or  a  medium  heated  by  the  exhaust 
gases,  are  possibilities  for  the  heating  of  the  leading  edges 
of  the  wings  and  tail  surfaces.   Struts,  in  modern  machines, 
are  few  in  number  and  will  doubtless  eventually  disappear 
entirely.     Electric  heating,   as  in   power  plants,  is  also  a 
possibility.    In  the  United  States,  a  rubber  "overshoe"  for 
the  leading  edge  of  the  wings  has  been  tried.     This  over- 
shoe can  be  inflated  to  dislodge  ice  when  it  forms. 

While  the  fog  and  ice  hazards  are  admittedly  serious, 
they  are  by  no  means  insurmountable,  given  suitable 
machines  and  adequate  ground,  meteorological  and  radio 
services.  There  is  a  good  deal  of  fog  in  England  and  on 
the  Paris-London  route  and  yet  this  service  operates  with 
excellent  regularity  and  there  are  few  cases  of  interruptions 


due  to  fog.    In  fact,  on  occasions,  aircraft  have  got  through 
wli(>M  there  was  a  complete  tie-up  of  shipping. 

In  any  case,  the  plaiming  of  air  services  to  avoid  fog 
and  ice  troubles  is  (>vading  the  i.ssue.  Means  must  be  devised 
and  will  be  devised  to  oven^ome  these  hazards  and  enable 
aircraft  to  ()i)erat('  irresf)ective  of  such  weather  conditions. 
If  fog  had  be(;n  allowed  to  divert  shipping,  the  St.  Lawrence 
route  would  not  be  the  important  shipping  lane  it  is  today. 


Fig.  4 — Fairey  Long  Range  High  Wing  Monoplane. 

Capability  of  Existing  Aircraft 

Because  of  the  prevailing  westerly  winds  and  of  the 
fog  and  ice  hazards,  most  of  the  stunt  crossings  of  the 
Atlantic  have  been  from  west  to  east,  generally  from 
Newfoundland  to  Ireland.  Some  flights  have  been  made 
by  the  southern  route  via  the  Azores.  In  most,  if  not  all 
cases,  the  machines  making  these  flights  have  been  so 
loaded  with  fuel  that  there  was  little  margin  of  safety  and 
no  pay  load.  In  fact,  difficulty  was  generally  experienced 
in  getting  off  the  ground  and,  in  not  a  few  cases,  failures 
occurred  during  the  take-off.  No  machine  so  loaded  would 
be  permitted  to  operate  on  a  commercial  air  route.  This 
fact  does  not  mean  that  there  is  no  machine  at  present 
capable  of  flying  the  Atlantic  with  a  pay  load  and  the 
required  margin  of  safety.  Several  machines  have  flown 
5,000  to  6,000  miles  non-stop.  If,  in  such  a  machine,  only 
half  the  gasoline  supply  for  5.000  to  6,000  miles  is  carried,  the 
machine  will  have  a  range  of  2,500  to  3,000  miles  with  a 
fair  pay  load  and  such  a  machine  could  make  the  flight 
from  Newfoundland  to  Ireland  with  500  to  1,000  miles  to 
spare  for  emergencies.  This  being  the  case,  it  is  reasonable 
to  expect  that,  within  a  few  years,  aircraft  wall  be  regularly 
flying  between  England  and  Canada. 

In  the  following  table  are  listed  a  number  of  present- 
day  aircraft  capable  of  flying  the  Atlantic  with  a  pay  load. 
The  range,  as  given  by  the  makers,  is  tabulated,  together 
with  the  actual  range  attained,  and  a  range  estimated  for 
purposes  of  this  paper,  in  a  rough  approximate  way, 
described  later.  In  addition,  assuming  a  required  range  of 
2,500  miles  for  the  Ireland-Newfoundland  flight,  based  on 
about  2,000  miles  of  distance  and  a  30-mile  per  hour  head 
wind,  the  pay  load  has  been  estimated  approximately. 

The  range  calculations  have  been  based  on: — 

Data  as  given  in  Jane's  "All  the  World's  Aircraft," 
1933. 

Initial  fuel  and  oil  consumption — gasoline  engines,  0.5 
lb.  per  h.p.  per  hr. 

Initial  fuel  and  oil  consumption — oil  engines,  0.4  lb. 
per  h.p.  per  hr. 

Weight  of  crew — 160  lb.  per  man. 

To  avoid  going  into  too  great  detail  and  the  use  of 
cumbersome  formulae,  the  calculations  have  been  based  on 
the  following  assumptions: — 
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Average  cruising  speed,  85  per  cent  of  maximum  speed. 

Average  cruising  engine  power,  90  per  cent  of  normal 
rated  power. 

Average  specific  fuel  consumption  during  flight,  due  to 
lightening  of  aircraft  as  fuel  is  consumed,  90  per 
cent  of  initial  consumption. 

Based  on  the  foregoing,  the  fuel  consumption  employed, 
based  on  normal  rated  engine  power,  were: — 

For  gasoline  engines — 0.40  lb.  per  h.p.  per  hr. 

For  oil  engines — 0.32  lb.  per  h.p.  per  hr. 

The  agreement  between  ranges,  as  given  l)y  the  builders 
and  as  calculated  by  the  foregoing  method,  is  generally 
sufficiently  good  for  the  purpose.  When  large  differences 
occur,  they  are  generally  due  to  either  the  maker's  range 
being  based  on  the  aircraft  with  normal  pay  load  or  on 
the  aircraft  stripped  for  record  flights  and  loaded  l)eyond 
airworthiness  requirements,  whereas  the  ranges  here  cal- 
culated are  for  the  machines  in  which  the  disposable  load 
comprises  fuel,  oil  and  pilots. 

At  the  present  time,  there  is  considerable  activity, 
principally  in  France  and  the  United  States,  in  the  construc- 
tion of  aircraft  for  trans-Atlantic  service.  France  is  in- 
terested in  the  postal  service  to  South  America  and  is 
preparing  to  replace  the  present  steam  packets  operating 
between  Dakar  and  Natal  by  aircraft.  The  following 
machines  have  been  built  in  France  with  this  end  in  view: — 


Latecoere  ((Jroix  du  Sud),  Bleriot  5190,  Couzinet  (Arc  en 
Ciel)  and  Liore  et  Olivier  H-27.  In  America,  a  large 
Sikorsky  flying  boat  for  trans-Atlantic  operation  is  under 
construction. 


Fig.  5 — Junkers  Ju  52  Low  Wing  Monoplane. 

Germany  and  Italy  are  also  planning  air  mail  services 
to  South  America. 

Type  of  Aircraft 

There  is  some  difference  of  opinion  regarding  the  type 
of  machine  that  should  be  used  for  the  ocean  flight.     Some 


Aircraft  Capable  of  Flying  the  North  Atlantic  (Ireland-Newfoundland) 

(Approximate  Figures) 


Type 

Engine 

Weights 

Cruising 
Speed 

Range  (Still  Air) 

Atlantic— 2,-500  miles 

Aircraft 

No. 

Power 

All  L'p 

Bare 

Disposable 

Disposable 
less  crew 

Rated 

Actual 

Cal- 
culated 

Time 

Fuel 

Pay 
Load 

Flying  Boats 

Bleriot  5190 

Mono 

4 

650 

49,.500 

24,640 

24,860 

24,220 

120 

1,9901 

2,800 

20.8 

21,600 

2,620 

Latecoere  30-1 

Mono 

4 

650 

50,600 

24,900 

25,700 

25,060 

120 

2,980 

2,675* 

2,890 

20  8 

21,600 

3,460 

Latecoere  50-0 

Mono 

3 

400 

21,650 

9,780 

11,870 

11,550 

110'.< 

2,980< 

2,640 

22.7 

10,900 

650 

Liore  et  Olivier  H-27 

Mono 

4 

650 

40,040 

130^ 

2,484 

Dornier  Wal  1933 

Mono 

2 

600 

22,040 

12,340 

9,700 

9,060 

1,30 

2,230 

2,4.50 

Dornier  DOX  1930 

Mono 

12 

625 

123.200 

68,000 

55,000 

54,000 

10411 

2,000 

1,4,5011 

1,750 

Land  Machines 

Fairey  Long  Range 

H.W.  Mono 

1 

530? 

19,050 

13,500 

93^ 

5,340» 

27* 

6,400' 

7,100 

Bernard  81  GR 

H.W.  Mono 

1 

650 

20,380 

7,270 

13,110 

12,790 

98 

6,210 

4,820 

25.5 

6,630 

6,160 

Bleriot  110 

H.W.  Mono 

1 

600 

18.920 

5,.500 

13,420 

13,100 

1163 

7,825 

6,575^ 
5,634' 

6,.300 

21.5 

5,170 

7,930 

Couzinet  70 

L.W.  Mono 

3 

650 

37,000 

16,100 

20,900 

20,260 

147 

4,230 

2,633* 

3,820 

17 

13,300 

6,960 

Couzinet  33 

L.W.  Mono 

3 

120 

7,955 

3,632 

4,323 

3,843 

105 

3,350 

2,740 

24 

3,430 

410 

Lat^co^re  28-5 

H.W.  Mono 

1 

650 

12,523 

6,.367 

6,156 

5,836 

125 

3,290 

1,970' 

2,800 

20 

5.200 

630 

•Junker  G-38 

Mono 

4 

600'" 

52,900 

32,800 

20,100 

19,140 

129 

2,860 

19.5 

16,750 

2,390 

.lunker  Ju-52 

L.W.  Mono 

1 

600'" 

16,740 

8,710 

8,030 

7,710 

112 

1,240 

4,500 

22.4 

4,300 

3,410 

Northrup  Victoria 

L  W.  Mono 

1 

550 

7,000 

3,600 

3,400 

3,240 

182 

2,100 

2,680 

14.3 

3,150 

90 

lAgainst  31  ni.p.h.  head  wind. 

^Croix  du  Sud,  Mar.srillc.s-St.  Louis,  Senegal  1933 — 22  lir.  33  niin.;  St.  Louis-Natal,  Brazil,  Jan.  1934 — 1,970  miles — 18  hrs.  17  tnins. 

''85%  of  ratoil  maxinuim  speed. 

^.Service  Technic|uc  Test  Figures. 

'Based  on  record  South  African  flight,  Feb.  1933 — 57  hrs.  25  niins. 

'Closed  circuit  record  March  1932.    Duration  record  Dec.  1930 — 67  hrs.  53  mins. 

'New  York-Ra.yak,  Syria,  Aug.  1933 — Approx.  .54  hrs. 

*Istres-Port  Kticnne,  .Ian.  1933.      During  flight  France  to  Rio. 

'St.  Louis,  Senegal-Port  Natal,  Brazil,  May  1930. 

l''.Junker  Jumo.     Oil  lOngines. 

iiActual  figures  of  Europe-South  America-North  America  flight — (Newfoundland-Azores),  1930-32      All  up  weight,  D  V  L  rating  for  freight — 123,200  lbs. 
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maintain  that  land  machines  should  be  used,  while  others 
favour  the  flying  boat.  In  the  former  case,  the  flight  would 
be  made  between  an  airport  in  Ireland  and  one  in  the 
interior  of  Newfoundland,  and  in  the  latter,  between  ports 
on  the  coasts.  Newfoundland  offers  many  protected  waters 
around  the  coast  for  landing  seaplanes  or  flying  boats  and 
there  are  many  lakes  in  the  interior.  In  Ireland,  it  would 
appear  that  the  most  suitable  localities  for  landing  would 
be  the  flat  country  near  Galway  or  Limerick  (south  of  the 
Shannon)  since  there  are  no  mountains  between  these 
districts  and  the  sea.  The  area  immediately  west  of  Dublin 
might  also  be  used,  or  in  the  neighbourhood  of  Cork, 
although  the  highest  mountains  in  Ireland  are  to  the  west 
of  Cork. 

It  is  claimed  that  land  machines  may  well  be  used, 
since  the  seas  in  the  North  Atlantic,  during  a  large  part 
of  the  year,  would  be  equally  destructive  to  either  a  land 
plane  or  a  flying  boat,  in  the  event  of  a  forced  landing  at 
sea.    On  the  other  hand  in  1931,  a  German  all-metal  aero- 


plane (Junker  W-35  land  machine)  was  forced  down  near 
Newfoundland  on  an  east-west  trans-Atlantic  flight  from 
near  Lisbon  and  remained  afloat  in  a  fairly  heavy  sea  for 
nearly  a  week,  the  crew  of  three  being  eventually  rescued. 
On  the  whole,  the  flying  boat  would  seem  to  have  a  better 
chance  of  surviving  a  forced  landing.  However,  the  im- 
portant point  is  that  machines  must  be  so  constructed  and 
operated  that  forced  landings  do  not  occur.  With  multi- 
engined aircraft,  there  is  no  reason  why  forced  landings 
should  be  any  more  frequent  than  are  losses  of  trans- 
Atlantic  liners. 

By  virtue  of  her  favourable  geographical  situation, 
Canada  is  afforded  an  opportunity  which  should  not  be 
missed  to  establish  first,  a  fast  air-steamship  service  between 
Europe  and  America  via  the  St.  Lawrence  and  ultimately, 
an  all-air  service  via  the  same  route.  The  benefits  to  be 
derived  from  the  establishment  of  such  services  will  be 
such  as  to  more  than  compensate  for  the  cost  and  effort 
required. 


DISCUSSION 

{Continued  from  page  SO Ji) 


cut  down  its  conductivity  or  rather  increase  the  resistance. 
There  have  been  a  number  of  conductor  alloys  developed 
but  all  have  seemed  to  encounter  this  problem.  There 
have  been  alloys  developed  and  utilized  in  England,  alloys 
of  aluminum,  but  these  apparently  have  not  taken  hold 
here. 

J.  W.  PURCELL,   A.M. E.I. C.^ 

Our  research  doesn't  go  quite  far  enough.  For  example, 
in  connection  with  soil  heating  research,  it  involves  a 
number  of  problems  that  are  not  electrical  nor  mechanical. 
While  electric  soil  heating  does  not  involve  extensive  en- 
gineering, it  will  be  used  extensively  and  the  ultimate  load 
assume  proportions  that  are  perhaps  startling.  Therefore, 
engineers  should  co-operate  with  agricultural  specialists  and 
the  farmer  to  solve  these  problems. 

W.  P.  DOBSON,  M.E.I. c.^ 

Dr.  Boyle  refers  to  the  complicated  stresses  which  occur 
in  vibrating  transmission  line  conductors.  A  good  deal  of 
attention  has  been  devoted  to  this  by  mathematical 
physicists  but  no  complete  solution  has  been  obtained.  It 
is  believed,  however,  that  the  instrument  which  has  been 
developed  by  the  Commission's  Research  Committee  gives 
reliable  information  about  these  stresses.   There  is  certainly 


'Electrical  Engineer,   Hydro-Electric   Power  Commission  of  On- 
tario, Toronto,  Ont. 

'Chief  Testing  Engineer,   Hydro-Electric   Power  Commission   of 
Ontario,  Toronto,  Ont. 


a  need,  however,  for  more  extensive  theoretical  work  in 
this  field. 

There  are  two  main  divisions  in  this  problem.  The 
first  has  to  do  with  determining  and  recording  the  vibra- 
tions and  the  development  of  means  to  absorb  their  energy. 
There  is  also  the  question  of  effecting  improvement  in  con- 
ductor materials.  This  is  distinctly  a  manufacturer's 
problem  but  the  user  can  from  his  studies  determine  the 
necessary  characteristics  which  a  material  should  possess. 

In  the  construction  of  the  Boulder  dam  transmission 
line  a  copper  conductor  of  special  type  is  being  used  which 
it  is  claimed  will  not  vibrate.  This  result  is  accomplished 
by  developing  a  new  design  of  conductor.  Much  can  with- 
out doubt  also  be  accomplished  in  the  development  of 
materials  more  resistant  to  vibration  than  those  now  in 
use. 

In  reply  to  Mr.  Henderson  the  author  stated  that 
experiments  had  been  performed  on  conductors  of  different 
shapes  and  it  was  found  possible  to  practically  eliminate 
vibration  with  some  of  these  shapes.  Most  of  them,  how- 
ever, could  not  be  incorporated  in  present  types  of  construc- 
tion without  considerable  change  in  fittings,  etc.  Some 
work  had  also  been  done  in  injecting  viscous  material 
between  the  conductor  strands  and  some  success  had  been 
obtained  in  this  direction.  Mention  had  already  been  made 
of  the  Boulder  dam  conductor.  The  main  lines  of  attack 
had  been  first  to  find  a  conductor  that  would  not  vibrate; 
to  produce  a  conductor  which  would  absorb  the  energy  of 
the  vibrations;  or  to  add  something  to  the  conductor  which 
would  absorb  or  diminish  the  vibrations.  A  large  number 
of  devices  had  been  developed  with  this  last  purpose  in  view. 
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The  King's  Silver  Jubilee 

The  wave  of  enthusiasm  vi'hich  swept  over  the  British 
Commonwealth  of  Nations  on  May  the  sixth  was  worthy 
of  the  historic  occasion  which  was  its  cause. 

The  most  striking  feature  of  the  demonstrations  was 
their  spontaneity,  voicing  as  they  did  the  loyalty  and 
devotion  of  all  parts  of  the  Empire.  Their  extent  and 
sincerity  must  have  deeply  touched  the  sovereign  whose 
simple  unaffected  messages  to  his  peoples  have  shown  so 
clearly  his  unceasing  regard  for  their  welfare,  his  high 
sense  of  public  duty  and  the  share  which  he  has  always 
taken  in  their  trials  and  difficulties.  A  statesman  who  has 
been  privileged  to  know  His  Majesty  well  has  spoken  of 
him  as  "the  King  whose  life  is  spent  for  his  peoples  and 
who  has  no  thought  of  self.  He  embodies  the  simple  ideals 
which  are  the  real  achievements  of  the  race  ...  As  his 
reward,  he  has  the  loyalty  and  affection  of  his  many 
peoples  all  over  the  world." 

Nor  is  this  esteem  limited  to  citizens  of  the  Empire. 
In  the  recent  celebrations  a  particularly  welcome  note 
was  sounded  in  the  congratulations  and  friendly  messages 
which  came  from  the  United  States  and  the  kindly  senti- 
ments expressed  editorially  in  so  many  of  its  leading 
papers. 

In  Canada  we  may  feel  justly  proud  of  the  manner 
in  which  the  country's  loyalty  has  been  manifested.  Over 
the  whole  Dominion — on  Parliament  Hill  and  in  all  the 
centres  of  population — there  has  been  nothing  artificial 
about  the  homage  universally  offered  to  the  King  and 
Queen  on  their  silver  jubilee. 

Twenty-five  years  ago  there  still  remained  something 
of  the  feeling  of  stability  which  characterized  the  closing 
years  of  the  nineteenth  century.  Vital  changes  in  social 
and  industrial  affairs  seemed  unlikely,  and  the  future 
seemed  full  of  promise.  Trade  and  commerce  were  active, 
and  in  applied  science  and  engineering  new  avenues  of 
development  were  opening  on  every  side.     Physicists  and 


chemists  were  making  great  strides,  but  there  was  as  yet 
comparatively  little  co-operation  between  industry  and 
science,  and  industrial  research  was  only  just  commencing. 
The  mechanization  of  industry  was  practically  in  its  in- 
fancy. Bleriot  had  just  flown  across  the  English  Channel, 
and  while  there  were  automobiles  on  the  roads,  hardly 
anyone  anticipated  the  coming  revolution  in  road  trans- 
portation, or  the  extraordinary  results  which  were  to 
follow  the  development  of  the  internal  combustion  engine. 
The  steam  turbine  was  beginning  to  replace  the  reciprocat- 
ing engine  for  power  generation.  The  steel  industry  was 
being  revolutionized  by  new  methods  of  production,  and 
more  complete  knowledge  of  the  properties  and  possibilities 
of  the  material,  and  the  replacement  of  coal  by  oil  fuel, 
which  was  to  have  such  far-reaching  social  and  economic 
effects,  had  just  begun  in  Britain.  Advances  in  fuel  technol- 
ogy had  commenced,  leading  to  remarkable  increases  in 
fuel  economy,  and  the  better  utilization  of  fuel  resources. 

In  the  field  of  land  transportation  the  railway  was  still 
supreme.  At  sea  the  speed,  size  and  power  of  ships  was 
increasing,  and  special  types  of  ship  such  as  the  oil  tanker 
and  refrigerated  meat  carrier  were  beginning  to  appear. 

In  communication,  the  electronic  valve  was  making 
continuous  wave  radio  transmission  commercially  possible, 
and  was  about  to  lead  to  great  extension  in  the  power  and 
range  of  telephony. 

In  Canada  the  development  of  our  national  resources 
had  already  broadened  out  during  the  first  decade  of  the 
new  century,  notably  as  regards  hydro-electric  power,  the 
mining  industry,  and  agriculture  in  the  west.  The  first 
years  of  King  George's  reign  saw  a  continuation  of  these 
peaceful  activities  which  were  violently  transformed  by  the 
advent  of  war.  There  was  an  immediate  recognition  of  the 
utility  of  the  engineer  and  his  scientific  training,  whether 
on  the  firing  line  or  at  home.  At  the  front,  new  technical 
problems  were  continually  presented,  and  had  to  be  solved 
by  the  best  means  available  at  the  moment.  At  home, 
mass  production  of  munitions  had  to  be  developed  almost 
over-night.  New  materials  and  processes  were  called  for 
and  were  needed  without  delay,  transportation  of  men  and 
supplies  by  sea  and  land  had  to  be  improvised  and  safe- 
guarded, and  in  Canada,  as  in  Britain,  we  were  plunged 
into  all  manner  of  essential  industrial  problems  and  under- 
takings. Members  of  The  Institute  of  all  classes  took  a 
worthy  part  in  this  work,  both  overseas  and  on  this  side  of 
the  Atlantic. 

The  post-war  period  was  one  of  remarkable  engineer- 
ing development  in  Canada.  Hydro-electric  undertakings 
aggregating  some  5,000,000  h.p.  were  installed  between 
1920  and  1930.  The  construction  industry  grew  rapidly 
until  in  the  year  1929  nearly  $600,000,000  were  expended 
on  such  work.  The  provinces  embarked  on  the  construction 
of  thousands  of  miles  of  new  highways  and  the  rebuilding 
of  existing  roads,  the  railways  carried  out  an  ambitious 
programme  of  extension,  and  the  mining,  metallurgical  and 
chemical  industries  showed  rapid  growth. 

Some  idea  of  the  rate  of  this  progress  may  be  gleaned 
from  the  facts  that  the  total  power  installed  in  manufactur- 
ing industries  and  in  central  stations  in  Canada  increased 
from  about  4,000,000  h.p.  in  1921  to  over  11,000,000  in 
1930,  while  during  the  same  period  the  power  generated 
by  internal  combustion  engines,  largely  for  motor  traction 
purposes,  rose  from  a  negligible  amount  to  an  estimated 
total  of  over  60,000,000  h.p. 

No  outline  of  engineering  activities  in  Canada  in  the 
past  fifteen  years  would  be  complete  without  mention  of 
the  progress  made  in  those  branches  of  engineering  work 
which  bear  directly  upon  public  health  and  the  amenities 
of  life;  as  regards  water  supply  and  sanitation  great  ad- 
vances took  place,  not  only  in  the  larger  cities  but  in  the 
smaller  towns  and  rural  districts. 
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In  Canada,  as  in  other  countries,  the  last  quarter  of  a 
century  has  seen  the  rise  of  many  highly  specialized  branches 
of  engineering  work  related  to  the  numerous  new  processes, 
methods  or  materials  which  have  been  developed  and  to 
new  activities  in  transportation  and  communication.  To 
take  only  one  or  two  examples,  the  work  of  the  chemical 
engineer,  the  welding  engineer,  or  the  radio  engineer  calls 
for  new  and  highly  specialized  training.  Accordingly  the 
scheme  of  engineering  education  has  broadened  and  under- 
gone a  development  not  less  striking  than  the  changes  in 
engineering  and  industry  which  have  caused  it.  The  en- 
gineering schools  have  grown  in  efficiency,  in  numbers  of 
students  and  in  diversity  of  subjects  taught. 

The  peak  of  all  these  activities  was  reached  in  1929, 
and  the  course  of  events  since  that  time  is  fresh  in  our 
minds.  In  Canada,  as  elsewhere,  the  years  of  depression 
have  checked  development  for  a  time,  but  there  are  now 
definite  signs  of  revival. 

After  thus  reviewing  the  record  of  the  past  twenty- 
five  years,  and  noting  the  political  and  social  turmoil  of 
the  post-war  period,  it  seems  hardly  possible  that  later 
generations  can  have  any  experiences  more  stirring  than 
have  fallen  to  the  lot  of  those  of  us  who  have  witnessed 
the  dramatic  events  of  the  years  following  the  accession 
of  King  George  V. 

OBITUARIES 

Harald  Leicester  Leverin,  Jr.E.I.C. 

Deep  regret  is  expressed  in  placing  on  record  the  un- 
timely death,  in  an  automobile  accident,  on  May  14th,  1935, 
of  Harald  Leicester  Leverin,  jr.E.i.c.  Captain  Leverin,  who 
was  stationed  at  Work  Point  Barracks,  Esquimalt,  B.C., 
was  driving  into  Victoria  when  the  fatal  accident  occurred. 

Captain  Leverin  was  born  at  Sault  Ste.  Marie,  Ont., 
on  September  22nd,  1905.  He  received  his  early  education 
at  Ashbury  College,  Ottawa,  and  graduated  from  the  Royal 
Military  College,  Kingston,  in  1928,  and  from  McGill 
University,  with  the  degree  of  B.Sc,  in  1930.  He  also 
attended  the  School  of  Military  Engineering  at  Chatham, 
England.  Following  graduation  Captain  Leverin  was  at- 
tached to  the  Royal  Canadian  Engineers  as  works  officer, 
at  Quebec,  and  in  1931-1932,  was  assistant  works  officer 
at  Halifax,  N.S.  In  1932  he  was  transferred  to  Esquimalt, 
B.C. 

Captain  Leverin  joined  The  Institute  as  a  Student  on 
February  4th,  1930,  and  transferred  to  the  class  of  Junior 
on  September  21st,  1934. 

Charles  Melville  Macreath,  A.M.E.I.C. 

Regret  is  expressed  in  placing  on  record  the  death  at 
Sault  Ste.  Marie  on  May  12th,  1935,  of  Charles  Melville 
Macreath,  a.m. e. i.e. 

Mr.  Macreath  was  born  at  Glasgow,  Scotland,  on  June 
25th,  1878,  and  received  his  early  education  at  the  Glasgow 
and  West  of  Scotland  College,  later  serving  a  pupilage  of 
five  years  with  Sir  William  Copland. 

In  1900-1901  Mr.  Macreath  was  contractor's  engineer 
during  construction  on  the  Muirkirk  section  of  the  Caledo- 
nian Railway,  and  was  subsequently  assistant  resident  en- 
gineer of  construction  and  later  resident  engineer  on  the 
Strathaven  section  of  the  same  railway,  remaining  in  that 
position  until  October  1905,  when  he  went  to  Ashanti, 
West  Africa,  to  carry  out  a  branch  railway  for  Attasi  Mines 
Limited.  Following  this  Mr.  Macreath  came  to  Canada, 
and  was  connected  for  a  time  with  the  Canadian  Pacific 
Railway  Company  on  the  construction  of  the  Westmount 
low  level  yard  and  relative  approaches  to  the  main  line. 
Mr.  Macreath  then  went  to  the  Sault  and  was  employed  by 
the  Algoma  Central  Railway.     From  1915  to  1919  he  was 


overseas  with  the  37th  Battalion,  having  the  rank  of 
lieutenant.  At  the  time  of  his  death  he  was  connected  with 
the  Department  of  Public  Works,  at  Sault  Ste.  Marie, 
having  held  that  appointment  for  a  number  of  years. 

Mr.  Macreath  was  interested  in  public  affairs,  and 
held  the  post  of  sheriff,  to  which  he  was  appointed  on 
May  29th,  1920. 

He  joined  The  Institute  (then  the  Canadian  Society 
of  Civil  Engineers)  on  December  12th,  1907,  as  a  Student, 
and  became  an  Associate  Member  on  April  9th,  1910. 

PERSONALS 

G.  K.  Waterhouse,  a.m.e.i.c,  has  recently  become 
identified  with  Toronto  Iron  Works  as  local  representative 
at  Montreal. 

D.  G.  Elliot,  Jr.E.I.C,  is  now  on  the  staff  of  the  Anglo- 
Newfoundland  Development  Company  Ltd.,  at  Grand  Falls, 
Newfoundland. 

Jas.  W.  Houlden,  Jr. E. i.e.,  who  was  formerly  with  the 
Canadian  IngersoU-Rand  Company  Ltd.,  at  Sherbrooke, 
Que.,  has  joined  the  staff  of  Canadian  Industries  Limited, 
and  is  located  at  Brownsburg,  Que. 

Boyd  Candlish,  a.m.e.i.c,  formerly  chief  engineer  of 
the  gear  division  of  the  Palmer  Bee  Company,  Detroit, 
has  resigned  his  position  with  that  firm,  and  will  carry  on 
his  studies  of  gearing  as  an  individual  venture. 

C.  H.  FuUerton,  a.m.e.i.c,  has  become  Surveyor- 
General  of  the  Province  of  Ontario.  Mr.  Fullerton  has 
held  the  office  of  Deputy  Minister  of  Northern  Develop- 
ment for  some  years,  and  during  the  reorganization  of  the 
department  he  was  appointed  head  of  the  Settlers'  Loan 
Board. 

J.  Lyle  McDougall,  Jr.E.i.c,  is  now  with  Somerville 
Paper  Boxes  Limited,  at  London,  Ont.  Mr.  McDougall 
was  formerly  on  the  staff  of  Price  Brothers  and  Company 
Ltd.,  at  Kenogami,  Que. 

J.  M.  Robertson,  m.e.i.c,  consulting  engineer,  Mont- 
real, has  been  nominated  by  the  Montreal  Board  of  Trade 
as  its  representative  on  the  commission  to  study  the  problem 
of  a  purification  plant  for  the  city.  Among  the  questions 
with  which  the  commission  proposes  to  deal  is  the  basic 
one  as  to  whether  immediate  action  is  necessary  in  con- 
nection with  the  sewage  disposal  problem. 

J.  Antonisen,  m.e.i.c,  who  recently  retired  from  the 
office  of  city  engineer  of  Port  Arthur,  Ont.,  was  tendered 
a  complimentary  dinner  by  the  Lakehead  Branch  of  The 
Institute.     Mr.  Antonisen  is  chairman  of  the  Branch. 

E.  M.  Proctor,  m.e.i.c,  president  of  the  firm  of  James, 
Proctor  and  Redfem,  consulting  engineers,  Toronto,  has 
been  elected  a  director  of  the  Guaranty  Trust  Company 
of  Canada,   of  Windsor  and  Toronto. 

A.  Cousineau,  a.m.e.i.c,  superintendent  engineer. 
Division  of  Sanitation,  Health  Department,  City  of  Mont- 
real, is  the  first  recipient  of  the  award  which  the  City 
Improvement  League  of  Montreal  has  decided  to  make 
annually  for  distinguished  public  service,  to  go  to  the 
educator,  social  service  worker,  civic  official  or  other  public 
spirited  citizen  who  in  the  opinion  of  the  judges  has  rendered 
the  most  outstanding  service  in  helping  to  improve  the 
city.  Mr.  Cousineau  is  a  graduate  of  Mount  St.  Louis 
College,  Ecole  Polytechnique,  Massachusetts  Institute  of 
Technology,  and  Harvard  University.  Prior  to  his  appoint- 
ment to  the  city  health  department  he  was  attached  to 
the  scientific  division  of  the  topographical  surveys  of  the 
Federal  government.   Mr.  Cousineau  has  been  particularly 
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interested  in  all  matters  pertaining  to  sanitation  for  the 
past  twenty-one  years  and  was  one  of  the  collaborators  of 
Dr.  S.  Boucher,  medical  officer  of  health,  under  whom  he 
has  prepared  and  enforced  several  by-laws. 

Professor  R.  W.  Angus,  m.e.i.c.  Head  of  the  Depart- 
ment of  Mechanical  Engineering,  University  of  Toronto, 
Toronto,  Ontario,  sailed  from  New  York  on  May  15th, 
1935,  on  the  President  Roosevelt  for  Hamburg.  Professor 
Angus  will  visit  water  power  plants  in  Sweden  and  Ger- 
many, and  then  spend  some  time  in  England.  He  will 
return  to  Canada  about  the  middle  of  August. 

C.  D.  Evans,  jr. e. i.e.,  has  been  appointed  sales  manager 
of  the  Canadian  Gypsum  Company  Limited  for  Quebec  and 
the  Maritime  Provinces,  and  will  be  located  in  Montreal. 
Mr.  Evans  has  been  with  this  company  for  the  past  five 
years,  in  Montreal  and  Halifax,  N.S.,  having  previously 
been  estimator  and  engineer  for  Gypsum  Lime  and  Alabas- 
tine  Canada  Ltd.  at  Toronto.  He  was  at  one  time  with 
the  Eraser  Brace  Engineering  Company.  Mr.  Evans  grad- 
uated from  McGill  University  in  1924. 

Harry  H.  Bell,  A. m.e.i.c,  who  was  formerly  connected 
with  the  Calgary  Power  Company,  Calgary,  Alta.,  has 
joined  the  staff  of  the  Montreal  Engineering  Company, 
Montreal.  Mr.  Bell  graduated  from  the  Nova  Scotia 
Technical  College  in  1929  with  the  degree  of  B.Sc,  and 
secured  the  degree  of  S.M.  in  business  and  engineering 
administration  from  the  Massachusetts  Institute  of  Tech- 
nology in  1933.  He  takes  an  active  interest  in  Institute 
affairs,  and  has  been  serving  as  Secretary-Treasurer  of  the 
Calgary  Branch. 

L.  M.  Jones,  m.e.i.c,  was  recently  appointed  vice- 
president  and  general  manager  of  the  Warren  Bituminous 
Paving  Company  Ltd.  Mr.  Jones,  who  was  born  in  Wales, 
came  to  this  country  in  1896,  and  three  years  later  entered 
the  service  of  the  Canadian  Pacific  Railway  Company  as  a 
draughtsman  at  Winnipeg,  subsequently  becoming  instru- 
mentman  in  charge  of  a  survey  party.  In  1903  he  became 
connected  with  the  Winnipeg  Electric  Railway  Company 
and  for  three  years  had  charge  of  laying  out  track,  construc- 
tion car  barns  and  sub-stations,  including  the  large  Portage 
Avenue  sub-station.  In  1906  Mr.  Jones  was  appointed 
assistant  city  engineer  of  Port  Arthur,  Ont.  remaining  in 
that  position  until  1909  when  he  joined  the  staff  of  Smith, 
Kerry  and  Chace,  Toronto,  being  engaged  on  hydro- 
electric power  plant  design.  In  1910  he  returned  to  Port 
Arthur  as  assistant  city  engineer,  and  in  1911  was  ap- 
pointed city  engineer.  In  1920  Mr.  Jones  resigned  in  order 
to  become  general  superintendent  at  Toronto  for  the 
Warren  Bituminous  Paving  Company  Ltd.,  and  in  1923 
he  was  elected  to  the  board  of  directors  of  that  company 
and  made  chief  engineer  and  secretary,  which  position  he 
has  held  up  to  the  present  time.  Mr.  Jones  is  a  member  of 
the  American  Society  of  Civil  Engineers  and  also  of  the 
Association  of  Professional  Engineers  of  Ontario. 

Results  of  May  Examinations  of  the  Institute 

The  report  of  the  Board  of  Examiners,  presented  at  the 
meeting  of  Council  held  on  May  21st,  1935,  certified  that 
the  following  candidates,  having  passed  the  examinations 
of  The  Institute,  have  satisfied  the  examiners  as  regards 
their  educational  qualifications  for  the  class  of  membership 
named : 

Schedule  C — For  admission  to  Associate  Membership: 
William  Herbison,  Lachine,  Que. 

Cecil  George  Kemp,  Montreal,  Que. 

Schedule  B — For  admission  as  Junior: 

Eric  Grant,  Montreal,  Que. 


Report  of  Committee  on  Consolidation 

The  Committee  held  its  sixth  meeting  at  The  En- 
gineering Institute  Headquarters  on  Friday,  May  10th, 
1935,  at  8  p.m.,  and  continued  at  the  University  Club  on 
Saturday,  May  11th,  at  1.30  p.m.  The  reports  from  the 
various  organizations,  Branches  and  Associations  in  the 
different  provinces  were  reviewed.  The  reports  and  resolu- 
tions received  indicate  good  progress  is  being  made  in  the 
organization  and  consideration  of  the  question  of  Con- 
solidation. 

The  Committee  approved  a  letter  and  questionnaire 
covering  certain  fundamental  points  relative  to  Consolida- 
tion, and  authorized  that  it  be  issued  to  the  Secretaries  or 
Corresponding  Members  of  Branches,  and  the  Registrars 
of  Provincial  Associations  and  the  Secretary  of  the  Com- 
mittee of  Eight.  This  letter  and  questionnaire  is  published 
herewith  and  reprints  may  be  made  available  to  Branches 
or  Associations  desiring  to  use  the  same  to  obtain  the 
individual  opinions  of  their  members.  This  Committee 
urges  Branches  and  Associations  to  take  the  necessary 
steps  to  insure  replies  to  this  questionnaire  being  returned 
on  or  before  June  30th. 

The  seventh  meeting  of  the  Committee  was  held  at 
The  Engineering  Institute  on  Tuesday,  May  20th,  1935, 
at  6  p.m.,  at  which  time  it  was  reported  that  the  letter 
and  questionnaire  had  been  issued,  together  with  statistics 
on  the  membership  of  The  Institute  Branches  and  the 
Provincial  Associations,  the  progress  report  and  question- 
naire of  the  Saskatchewan  Co-ordinating  Committee,  and 
the  progress  report  of  this  Committee. 

The  Committee  received  the  resolution  of  the  Executive 
of  the  Saint  John  Branch  appointing  Mr.  G.  G.  Murdoch 
and  Mr.  A.  A.  Turnbull  as  a  special  committee  for  the 
consideration  of  Consolidation,  and  to  co-operate  with  a 
similar  committee  from  the  Moncton  Branch  and  the 
Professional  Association  of  New  Brunswick. 

It  was  reported  that  a  meeting  of  a  special  committee 
of  the  Ontario  Professional  Association,  under  the  chair- 
manship of  Mr.  J.  Clark  Keith,  met  in  Toronto  on  May 
17th,  to  consider  the  questionnaire  and  other  phases  of 
Consolidation.  Mr.  H.  A.  Lumsden,  m.e.i.c,  has  been 
appointed  by  the  Executive  of  the  Hamilton  Branch  to 
represent  the  Branch  on  a  Provincial  Consolidation  Com- 
mittee. The  Toronto  Branch  Executive  has  appointed  the 
following  special  committee  on  Consolidation, — C.  E. 
Sisson,  m.e.i.c,  Chairman;  0.  Holden,  a.m.e.i.c,  and 
W.  W.  Bonn,  m.e.i.c,  Mr.  Sisson  was  also  appointed  to 
represent  the  Branch  on  the  Joint  Provincial  Committee  on 
Consolidation. 

The  Victoria  Branch  held  a  meeting  on  May  7th,  to 
review  all  reports  and  correspondence  relative  to  Con- 
solidation, and  reported  that  they  were  now  awaiting 
action  by  the  Vancouver  Branch  on  their  suggestion  of  a 
joint  committee  of  the  two  Branches  in  British  Columbia 
to  consider  this  question. 

Under  date  of  May  20th,  the  Saskatchewan  Branch  of 
the  E.I.C.  and  the  Association  of  Professional  Engineers  of 
the  Province  of  Saskatchewan,  through  their  joint  com- 
mittee, returned  the  questionnaire  with  all  five  questions 
answered  in  the  affirmative. 

The  Saguenay  Branch  of  The  Institute  have  appointed 
Messrs.  H.  R.  Wake,  a.m.e.i.c,  J.  Shanly,  a.m.e.i.c,  G.  F. 
Layne,  a.m.e.i.c,  and  H.  B.  Pelletier,  a.m.e.i.c,  as  a  special 
committee  of  the  Branch  to  study  and  submit  a  recom- 
mendation on  Consolidation. 
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QUESTIONNAIRE  OF  THE  COMMITTEE  ON  CONSOLIDATION 


The  Committee  appointed  by  the  Annual  Meeting  of 
The  Engineering  Institute  of  Canada  at  Toronto  on  Feb- 
ruary 7th,  to  "Develop  the  Possibilities  of  the  Consolidation 
of  the  Engineering  Profession,"  has  arrived  at  a  point  in 
its  deliberations  where  it  becomes  necessary  to  obtain  an 
expression  of  opinion  from  the  various  interested  organiza- 
tions throughout  Canada  on  certain  questions  fundamental 
to  Consolidation. 

The  Committee  has  received  many  resolutions  relative 
to  Consolidation  and  to  the  proper  procedure  leading  to  its 
realization,  and  to  many  of  the  details  of  its  organization. 
In  order  that  all  opinions  and  suggestions  may  be  expressed 
in  a  uniform  and  comparable  sense,  it  has  been  decided  to 
issue  this  questionnaire. 

Though  your  Branch  or  Association  may  have  already 
expressed  itself  on  the  broad  principle  of  Consolidation, 
might  we  ask  you  to  again  indicate  your  attitude. 

1.  Are  you  in  favour  of  the  broad  principle  of 
Consolidation  of  the  Engineering  Profession  in 
Canada  ? 


YES 


D 


NO 


D 


Consideration  of  the  possibilities  of  the  Consolidation 
of  our  profession  suggests  three  main  features:— 

1.  Membership. 

2.  Fees. 

3.  Organization. 

Under  the  heading  of  "Membership"  it  is  only  nec- 
essary at  this  time  to  consider  the  principal  classification 
of  corporate  or  practising  member,  and  to  obtain  an 
expression  of  opinion  as  to  those  to  be  included  therein. 
All  secondary  classifications  can  be  discussed  at  a  later 
date  with  other  details. 

It  would  appear  that  engineers  who  are  members  of 
the  Provincial  Professional  Associations  and/or  corporate 
members  of  The  Engineering  Institute  of  Canada,  form  the 
essential  units  of  Consolidation.  The  question  is  to 
determine  the  most  satisfactory  and  acceptable  method  of 
harmonizing  the  interests  of  these  individuals  and  organiza- 
tions so  as  to  produce  the  most  practical  and  effective  and 
united  professional  body. 

It  should  be  borne  in  mind  that  the  existing  Profes- 
sional Associations  are  legally  constituted  and  that  it  is 
essential  that  the  rights  and  privileges  conferred  by  these 
Provincial  enactments,  which  must  be  maintained  under  the 
British  North  American  Act,  be  conserved  and  developed 
in  the  interests  of  the  profession. 

If  this  principle  is  accepted,  a  definite  line  of  procedure 
is  indicated.  The  first  question  concerning  membership 
would  therefore  appear  to  be: — 

2.  In  your  opinion,  should  the  corporate  membership 
of  the  Provincial  Professional  Associations  and  of 
the  National  organization  be  identical  ? 


YES 


D 


NO 


D 


In  view  of  the  fact  that  The  Engineering  Institute  of 
Canada  has  for  many  years  represented  the  engineers  of 
this  country  both  at  home  and  abroad,  and  by  its  activities, 
its  traditions  and  its  many  connections  is  most  admirably 
suited  to  such  a  function: — 

3.  Are  you  in  favour  of  The  Engineering  Institute 
of  Canada  being  accepted  as  the  National  body  of 
the  consolidated  engineering  profession  in  Canada? 


YES 


D 


NO 


D 


The  next  feature  of  Consolidation  to  come  up  for  con- 
sideration is  that  of  Fees.  At  present  the  fees  of  the  cor- 
porate members  of  The  Institute  vary  from  $8.00  to  $15.00 
per  annum  net,  while  the  membership  fees  of  the  Provincial 
Associations  vary  from  $2.50  to  $10.00  net  per  annum  in 
the  different  provinces.  On  the  basis  of  the  membership 
statistics  of  The  Engineering  Institute  and  of  the  various 
Provincial  Professional  Associations  for  the  year  1934, 
Consolidation  would  provide  a  corporate  membership  in 
the  National  body  of  some  5,000  engineers. 

In  view  of  the  fact  that  the  general  expenses  of  the 
Provincial  Associations  vary  in  the  different  provinces, 
while  the  activities  of  the  National  organization  call  for 
a  uniform  per  capita  contribution  from  each  member,  it 
would  appear  that  the  total  fee  payable  by  a  member 
would  be  a  summation  of  a  variable  Provincial  fee  plus  a 
fixed  amount  required  for  the  maintenance  and  promotion 
of  the  National  organization. 

4.  Under  Consolidation,  would  you  be  willing  to  pay 
a  single  annual  membership  fee  which  would 
include  a  uniform  subscription  from  each  member 
of  the  profession  throughout  Canada  to  the 
National  organization  ? 


YES 


D 


NO 


D 


We  have  next  to  consider  the  organization  of  the 
profession  in  a  Provincial  and  in  a  National  sense.  As 
the  legal  constituencies  must  be  recognized,  it  is  evident 
that  the  detailed  administration  of  the  profession  in 
respect  to  admission,  collection  of  dues,  discipline,  legal 
action,  etc.,  should  be  Provincial  matters,  carried  out  by 
the  Provincial  organization.  Such  an  arrangement  tends 
to  directness  and  promptness  in  the  management  of  the 
detailed  affairs  of  the  profession. 

The  National  organization  should  carry  on  all  the 
more  general  activities  of  the  profession,  such  as  maintain- 
ing the  publications,  promoting  uniformity  in  ethical  pro- 
cedure and  in  the  legal  recognition  of  the  profession  through- 
out Canada,  and  providing  a  contact  with  other  national 
organizations  and  a  unity  of  expression  on  national  affairs 
and  in  the  interests  of  the  profession  as  a  whole. 

5.  In  view  of  the  fact  that  discipline  and  legal  action 
are  at  present  a  function  of  the  Provincial  Asso- 
ciations, are  you  in  favour  of  the  administration 
of  admission  to  membership  and  collection  of  fees 
also  being  made  the  responsibility  of  the  Pro- 
vincial organizations  ? 


YES 


D 


NO 


D 


This  questionnaire  is  not  a  ballot,  but  is  intended  to 
provide  information  on  certain  aspects  of  Consolidation  to 
assist  the  Committee  in  its  deliberations.  The  questions 
are  drawn  so  as  to  be  answered  in  the  simple  affirmative 
by  marking  an  X  in  the  square  opposite  "Yes"  and  similarly 
for  a  negative.  If  for  any  reason  it  is  necessary  for  you  to 
answer  in  the  negative,  please  outline  your  alternative 
suggestion  covering  the  point. 

We  would  ask  that  your  Branch  or  Association  con- 
sider these  questions  at  such  time  as  to  give  this  Com- 
mittee your  replies  on  or  before  June  30th,  1935.  Your  co- 
operation in  this  matter  would  be  very  greatly  appreciated. 


Signed . 


Dated . 


(Institute  Branch) 


318 


THE     ENGINEERING     JOURNAL 


June,  1935 


Elections  and  Transfers 

At  the  meeting  of  Council  held  on  May  21st,  1935, 
the  following  elections  and  transfers  were  effected: — 

Members 

BOWEN,  Henry  Blane,  chief  of  motive  power  and  rolling  stock, 
C.P.R.,  Montreal,  Que. 

deMIFFONIS,  Louis  Fernand  Henri,  (Univ.  of  Paris),  acting  chief 
engr.,  Dept.  of  Marine,  Ottawa,  Ont. 

FYSHE,  Thomas  Maxwell,  B.Sc,  (McGill  Univ.),  private  practice, 
investigations  and  reports,  388  St.  James  St.  West,  Montreal,  Que. 

GRATTON,  Alphonse,  B.A.Sc,  C.E.,  (Ecole  Poly  technique,  Mont- 
real), district  engr.,  Dept.  of  Roads,  Prov.  of  Quebec,  Quebec,  Que. 

NEWMAN,  William  Arthur,  B.Sc,  (Queen's  Univ.),  chief  mech'l. 
engr.,  C.P.R.,  Montreal,  Que. 

Associate  Members 
BUCK,  Leslie  Gordon,  B.A.Sc,  (Univ.  of  Toronto),  divn.  plant 
engr.,  Montreal  Divn.,  Bell  Telephone  Company  of  Canada,  Montreal, 
Que. 

♦HERBISON,  WiUiam,  (Montreal  Tech.  Inst.),  dftsman..  Dominion 
Bridge  Company,  Ltd.,  Lachine,  Que. 

♦KEMP,  Cecil  George,  (Sydney  Tech.  CoU.,  N.S.W.),  constrn.  supt. 
and  engr.,  Consumers  Glass  Co.  Ltd.,  Montreal,  Que. 

MACGILLIVRAY,  Malcolm  Stuart,  B.Sc,  (Queen's  Univ.),  elect'l. 
and  mech'l.  engr.,  T.  Pringle  &  Son  Ltd.,  Montreal,  Que. 

SPENCER,  Henry  Cyril,  (Montreal  Tech.  Inst.),  i/c  design  dept., 
screwmach.  tools  and  equipment.  Northern  Electric  Company  Ltd., 
Montreal,  Que. 

Juniors 

♦GRANT,  Eric,  (Montreal  Tech.  Inst.),  field  engr.,  Montreal 
Light,  Heat  and  Power  Cons.,  Montreal,  Que. 

HERSHFIELD,  Charles,  B.Sc,  (Univ.  of  Man.),  Room  310,  68 
King  St.  East,  Toronto,  Ont. 

LYMAN,  Charles  Phihp,  B.Eng.,  (McGUl  Univ.),  4156  Cote  des 
Neiges  Road,  Montreal,  Que. 

Affiliate 

ALEXANDER,  Stanley  George,  (Chicago  Tech.  School),  chief 
operating  engr.  of  steam  power  plants,  Canadian  General  Electric  Co. 
Ltd.,  Peterborough,  Ont. 

Transferred  from  the  class  of  Associate  Member  to  that  of 
Member 

ARCHIBALD,  Samuel  Wallace,  B.A.Sc,  (Univ.  of  Toronto), 
consltg.  engr.  and  O.L.S.,  London,  Ont. 

BEACH,  Floyd  Kellogg,  engr.,  Petroleum  and  Natural  Gas  Divn., 
Dept.  of  Lands  and  Mines  of  Alberta,  Edmonton,  Alta. 

CORMIER,  Ernest,  B.A.Sc,  C.E.,  (Ecole  Polytechnique,  Mont- 
real), architect  and  consltg.  engr.,  Montreal,  Que. 

FARRELL,  James  Wardrope  Dick.  B.Sc,  (Queen's  Univ.),  supt. 
of  waterworks,  Regina,  Sask. 

LAFLECHE,  Alphonse,  B.A.Sc,  C.E.,  (Ecole  Polytechnique, 
Montreal),  asst.  chief  engr..  River  St.  Lawrence  Ship  Channel,  Dept. 
of  Marine,  Ottawa,  Ont. 

MOTT,  Harold  Edgar,  B.Sc,  (McGill  Univ.),  President  and  Gen. 
Mgr.,  H.  E.  Mott  Co.  Ltd.,  Brantford,  Ont. 

YOUNG,  Stewart,  B.A.Sc,  (Univ.  of  Toronto),  director  of  town 
planning,  Prov.  of  Sask.,  Regina,  Sask. 

Transferred  from  the  class  of  Junior  to  that  of 
Associate  Member 

CHANDLER,  Edward  Sayre,  B.Sc,  (N.S.  Tech.  Coll.),  prov. 
elect'l.  inspr.,  Charlottetown,  P.E.I. 

Transferred  from  the  class  of  Student  to  that  of 
Associate  Member 

PETURSSON,  Franklin,  B.Sc,  (Univ.  of  Man.),  location  engr., 
Dept.  of  Northern  Development,  Kenora,  Ont. 

.  Transferred  from  the  class  of  Affiliate  to  that  of 
Associate  Member 

SAMUEL,  Myron,  Diploma,  (Engrg.  College,  Danzig),  proprietor. 
Empire  Engineering  Company,  Toronto,  Ont. 

Transferred  from  the  class  of  Student  to  that  of  Junior 

SMITH,  Carl  Clifford,  B.Sc,  (Queen's  Univ.),  induction  motor 
engr.,  Canadian  Westinghouse  Co.  Ltd.,  Hamilton,  Ont. 

SMITH,  Walter  Alexander,  B.Sc,  (Univ.  of  Alta.),  Dominion 
Bridge  Co.  Ltd.,  Calgary,  Alta. 

*Has  passed  Institute's  examinations. 


Students  Admitted 

BENSON,  WUlard  McLean,  B.Sc,  (Univ.  of  N.B.),  Fredericton, 
N.B. 

BRANCH AUD,  Henri,  (Ecole  Polytechnique,  Montreal),  636  Dun- 
lop  Ave.,  Outremont,  Que. 

BRANNEN,  Edwin  Ralph,  B.Sc,  (Univ.  of  N.B.),  North  Devon, 
N.B. 

CLARKE,  Ross  Eugene,  B.Sc,  (Queen's  Univ.),  R.R.  No.  3, 
Gananoque,  Ont. 

COOMBES,  David  Eaton,  B.Sc,  (Univ.  of  N.B.),  North  Devon, 
N.B. 

DARWIN,  Bascom  Herman,  B.Sc,  (Queen's  Univ.),  132  Earl  St., 
Kingston,  Ont. 

GREGOIRE,  Armand  E.,  B.A.Sc,  C.E.,  (Ecole  Polytechnique, 
Montreal),  6349  St.  Denis  St.,  Montreal,  Que. 

HORNFELT,  Harvey  Andrew,  (Univ.  of  Toronto),  45  Sussex  Ave., 
Toronto,  Ont. 

HUGGARD,  John  Harold,  B.Sc,  (Univ.  of  N.B.),  Norton,  N.B. 

KAZAKOFF,  John,  B.Eng.,  (McGill  Univ.),  P.O.  Box  252,  Kam- 
sfl.Gk   Ss/Sk 

LEAHEY,  James  C.  P.,  B.  Eng.,  (McGill  Univ.),  c/o  C.  A.  P. 
Leahey,  Esq.,  Bank  of  Montreal,  Ottawa,  Ont. 

LILLEY,  Ledford  George,  B.Sc,  (Univ.  of  N.B.),  57  Havelock 
St.,  Saint  John,  N.B. 

MEUSER,  Henry  Lloyd,  B.Sc,  (Queen's  Univ.),  (Grad.,  R.M.C.), 
132  Earl  St.,  Kingston,  Ont. 

MILLER,  Alex.  Matthew,  B.Sc,  (N.S.  Tech.  Coll.),  New  Water- 
ford,  N.S. 

MUSSEN,  Guy  Aubrey,  B.Eng.,  (McGill  Univ.),  2076  Sherbrooke 
St.  West,  Montreal,  Que. 

PEQUEGNAT,  Jared  Marc,  B.Sc,  (Queen's  Univ.),  9  Samuel  St., 
Kitchener,  Ont. 

PRESTON,  William  Walford,  B.Sc,  (Queen's  Univ.),  25  Walnut 
St.  North,  Hamilton,  Ont. 

PURVES,  William  FranUin,  B.Eng.,  (McGill  Univ.),  3508  Duro- 
cher  St.,  Montreal,  Que. 

REYNOLDS,  George  Kenly,  B.Eng.,  (McGiU  Univ.),  3737  De 
rOratorie  Ave.,  Montreal,  Que. 

ROSS,  Donald,  (Univ.  of  N.B.),  126  Douglas  Ave.,  Saint  John, 
N.B. 

ROWELL,  Lome  Archibald,  B.Eng.,  (McGill  Univ.),  3420  Hut- 
chison St.,  Montreal,  Que. 

ST-JACQUES,  Gustave  F.,  (Ecole  Polytechnique,  Montreal),  425 
Blvd.  St.  Joseph  West,  Montreal,  Que. 

SADLER,  Robert  Francis,  (Univ.  of  N.B.),  Chatham,  N.B. 

SCHOFIELD,  Robert  John  Graham,  B.Eng.,  (McGill  Univ.),  340 
Ballantyne  Ave.  No.,  Montreal  West,  Que. 

SUTHERLAND,  James  Gordon,  B.Sc,  (N.S.  Tech.  Coll.),  St. 
Peter's  Bay,  P.E.I. 

TWEEDDALE,  Reginald  Estey,  B.Sc,  (Univ.  of  N.B.),  Arthurette, 
N.B. 

WISDOM,  Charles  Stuart  Cotton,  (Grad.  R.M.C.),  (McGill  Univ.), 
47  Hemlock  Ave.,  Shawinigan  Falls,  Que. 

RECENT  ADDITIONS  TO  THE  LIBRARY 

Proceedings,  Transactions,  etc. 

Canadian  Institute  of  Mining  and  Metallurgy:  Transactions,  1934. 
University  of  Toronto,  Engineering  Society: 
Transactions  and  Year  Book,  1935. 

Reports,  etc. 

Armour  Institute  of  Technology:  Bulletin,  May  1935. 
Engineers'  Council  for  Professional  Development: 

Second  Annual  Report,  1934. 
Quebec  Harbour  Commissioners:  Annual  report  1934. 
American  Society  of  Mechanical  Engineers: 

Papers  and  Programme,  aeronautic  and  hydraulic  divisions:  Sum- 
mer meeting  June  1934. 
New  York  State  Planning  Board:  Summary  Report  of  Progress  1935. 
Societe  des  Ingenieurs  Civils  de  France:  Annuaire  de  1935. 
American  Institute  of  Mining  and  Metallurgical  Engineers: 

Directory  1935. 
Port  of  Vancouver,  B.C.:  Annual  Report  1934. 
Lethbridge  Northern  Irrigation  District: 

14th  Annual  Report  and  Financial  Statement  1934. 
Association  of  Consulting  Engineers  Inc.: 

Notes  upon  the  Professional  Duties  of  Consulting  Engineers,  their 
Relationship  with  Clients  and  General  Information  as  to  Fees. 
National  University  of  Ireland:  Calendar  for  the  year  1934. 

Technical  Books,  etc.,  received 

Highways  and  their  Maintenance,  by  W.  J.  Hadfield.    {The  Contractors' 

Record  Limited.) 
Canadian  Trade  Index,  1935.     (Canadian  Manufacturers'  Association.) 
Water  Works  Practice,  a  manual  issued  by  the  American  Water  Works 

Association.     (The  Williams  and  Wilkins  Co.,  Bcdtimore.) 
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BOOK   REVIEWS 
Electric  Wiring 

By  W.  S.  Ibbetson,  E.  and  F.  N.  Spon,  London,  4th  edition,  1936. 

4H  by  7J^  inches,  253  pages,  diagrams,  etc.    6/-.     Cloth. 

Reviewed  by  W.  P.  Dobson,  m.e.i.c* 

That  this  book  has,  in  England,  served  a  useful  purpose  is  indicated 
by  the  fact  that  it  has  already  run  through  three  editions  there.  On 
this  side  of  the  Atlantic  one  may  cull  from  it,  here  and  there,  items 
of  information  which  are  new  and  interesting,  but  the  book  is  necessarily 
of  less  practical  value  to  men  living  and  working  in  Canada.  The 
reason  for  this  is  of  course  that  Canadian  electric  wiring  practice, 
following  closely  as  it  does  that  of  the  United  States,  differs  widely 
from  that  of  England  and  other  parts  of  the  Empire,  both  as  to  types 
of  equipment  used  and  to  the  methods  of  installation  in  vogue. 

The  book  is  clearly  written  in  simple  style  and  has  many  good 
wiring  and  other  diagrams;  it  is  manifestly  intended  for  the  practical 
man  and  the  calculations  given  are  by  no  means  abstruse. 

The  various  chapters  cover  such  subjects  as  Ohm's  law  applied 
to  a.c.  and  d.c.  circuits;  distribution;  wiring  systems;  joints,  soldering, 
etc.;  testing;  nomination;  motors,  a.c.  and  d.c;  all  treated  from  the 
standpoint  of  installation  work. 

'Chief  Testing  Engineer,  Hydro-Electric  Power  Commiaaion  of  Ontario,  Toronto. 

Mechanics  and  Applied  Heat  with  Electrotechnics 

By  S.  H.  Moorfield  and  H.  H.  Winslanley,  Longmans,  Green  and  Com- 
pany, Toronto,  Ont.,  1936.  4%  by  73^  inches,  392  pages,  Cloth.  $2.00. 
Reviewed  by  Lieut. -Colonel  L.  W.  Gill,  m.e.i.c* 

This  book,  as  stated  in  the  preface,  has  been  written  with  the 
object  of  producing  in  one  volume  a  course  in  engineering  science 
which  will  prepare  a  student  for  his  entry  upon  the  final  year  of  the 
Ordinary  National  Certificate  Course  (England).  It  covers  a  very 
broad  field,  143  pages  being  devoted  to  mechanics,  160  to  thermo- 
dynamics, 15  to  hydraulics  and  63  to  electrotechnics.  For  the  special 
purpose  specified  by  the  authors  this  book  should  serve  the  student 
effectively.  Notwithstandirg  this,  the  reviewer  is  inclined  to  think 
that  there  is  some  room  for  improvement.  The  principles  of  mechanics 
have  been  presented  clearly  and  in  logical  sequence,  but  one  wonders 
why,  in  the  section  on  thermodynamics,  the  chapter  on  gases  should 
be  placed  before  the  chapters  on  steam,  production  of  power  and 
measurement  of  power  rather  than  after.  Apart  from  this  the  pre- 
sentation is  clear  and  concise. 

The  16  pages  devoted  to  hydraulics  cover  such  a  small  part  of 
the  field  that  one  is  inclined  to  question  the  value  of  such  a  presentation 
in  a  text  of  this  kind. 

The  section  on  electrotechnics  is  well  written  and  well  illustrated. 
To  the  electrical  engineer,  however,  the  treatment  of  induced  electro- 
motive force  is  very  inadequate.  Its  relative  importance  entitles  it 
to  more  than  2  pages  out  of  63. 

In  all  sections  of  the  book  the  principles  presented  are  well  illus- 
trated by  figures  and  typical  applications.  Many  suitable  problems 
are  included  in  each  section.  With  a  very  few  exceptions  technical 
terms  are  accurately  defined  and  accurately  used. 

'Principal,  Hamilton  Technical  Institute,  Hamilton,  Ont. 

Mechanics 
A  Text-Book  for  Engineering  Students 

By  Frank  Gardner,  Oxford  University  Press,  London,  1934.    6  by  71/2 

inches.     Diagrams,  264  pages.     Cloth.     $2.25. 

Reviewed  by  Mr.  Ian  McLeish* 

This  text-book,  as  the  title  implies,  is  intended  primarily  for 
engineering  students,  but  it  would  serve  equally  well  for  students  in 
technical  schools,  since  calculus  or  complicated  mathematical  expressions 
are  conspicuous  by  their  absence.  The  author's  method  of  approach 
is  somewhat  different  from  that  usually  employed  in  text-books  on 
mechanics,  for  most  writers  start  with  a  consideration  of  the  law  of 
moments  and  polygon  of  forces.  Mr.  Gardner  begins  with  the  principle 
of  the  ideal  machine,  and  explains,  for  instance,  how  a  small  force 
acting  through  a  long  distance  can  be  made  to  balance  a  large  force 
moving  through  a  shorter  distance.  This  idea  leads  to  the  study  of 
work  and  power.  The  use  of  vectors  is  introduced  and  then  the  effects 
of  friction  are  considered.  Dimensional  methods  are  used  throughout 
the  book.  Chapters  follow  on  the  conditions  of  equilibrium,  mechanisms 
and  velocity  diagrams,  and  structures  and  stress  diagrams. 

The  second  section  of  the  book  deals  with  strength  of  materials, 
and  the  concluding  chapters  are  devoted  to  elementary  dynamics. 

Throughout  the  book  care  is  taken  to  present  clearly  the  funda- 
mental ideas  on  such  points  as  momentum  and  acceleration  and  dimen- 
sional arithmetic  is  not  forgotten.  It  is  somewhat  difficult  to  understand 
why  English  text-books  of  this  kind  stil  use  in  their  examples  cvrts.  and 
tons  instead  of  expressing  weights  in  pounds. 

The  book  is  well  illustrated  with  clear  and  simple  diagrams,  a 
feature  which  will  be  found  a  great  help  in  driving  home  the  various 
principles  enunciated.  There  are  plenty  of  problems  of  a  practical 
nature  which  give  ample  scope  for  the  drill  which  is  so  necessary  for 
the  proper  comprehension  of  all  mathematical  subjects.     Answers  are 


given  as  a  check  on  the  solution  of  the  various  problems.  The  book 
is  suited  for  a  first  year  course  in  engineering  and  its  methods  of  treat- 
ment should  be  of  interest  to  all  connected  with  the  teaching  of  mechan- 
ics, strength  of  materials  and  hydraulics. 

'Assitlant  Principal,  Montreal  Technical  School,  Montreal. 

Canadian  Trade  Index — 1935 

The  eleventh  annual  issue  of  the  Canadian  Trade  Index  which 
has  been  received  contains  an  alphabetical  directory  of  Canadian 
manufacturers  with  addresses,  branches  export  representation,  trade 
marks  and  brands;  a  directory  of  Canadian  manufacturers  classified 
according  to  articles  made;  a  directory  of  exporters  of  agricultural 
produce  and  an  export  section  which  gives  details  of  government 
services,  export  procedure,  costs  and  financing  statistics  of  Canadian 
trade  and  production.  This  new  edition,  which  has  over  800  pages, 
includes  the  names  of  some  three  hundred  new  manufacturers. 

The  publication  of  this  book,  containing  as  it  does  the  names  of 
members  and  non-members  alike,  is  one  of  the  many  services  rendered 
by  the  Canadian  Manufacturers'  Association  to  the  manufacturing 
community  and  the  business  public  at  large.  The  continuance  of  old 
and  new  features  will  prove  most  valuable  in  keeping  Canadian  users 
fully  informed  respecting  goods  produced  in  Canada  and  in  putting 
importers  in  other  countries  expeditiously  and  efficiently  in  touch  with 
Canadian  sources  of  supply. 

World  Survey 

Published  under  the  Auspices  of  the  World  Power  Conference  by  Lund, 

Humphries  and  Company  Limited,  12  Bedford  Square,  London,  W.C.I, 

England.     Monthly.    Single  copies  5/-,  12  issues  £2-0-0. 

This  monthly  periodical  is  being  issued  under  the  auspices  of  the 
World  Power  Conference,  for  the  exchange  of  economic  and  technical 
information.  Its  contents  will  include  authoritative  articles  on  in- 
dustry and  economic  thought,  largely  from  the  point  of  view  of  the 
analysis  of  economic  forces  and  their  effect  on  the  development  of 
international  trade  and  industry.  It  will  also  contain  statistical  in- 
formation, in  the  form  of  world  economic  indices,  and  an  international 
power  and  fuel  bibliography  of  a  selective  and  authoritative  nature, 
giving  abstracts  of  the  more  important  items  published  in  current 
literature  dealing  with  power  and  fuel.  The  first  number  gives  promise 
of  a  valuable  addition  to  our  available  sources  of  information  on  these 
topics. 

BULLETINS 

Pipe  Threading. — An  8-page  booklet  has  been  received  from  The 
Steel  Company  of  Canada  Ltd.,  Montreal,  containing  practical  tips  on 
pipe  threading. 

Steel  Sheet  Filing. — The  Canadian  Sheet  Piling  Co.  Ltd.,  Montreal, 
have  issued  a  4-page  leaflet  explaining  the  application  of  Larssen  sheet 
piling  to  the  Lakeshore  retaining  wall  of  the  Victoria  Park  filtration 
plant,  Toronto. 

Concrete  Machinery. — A  20-page  bulletin  received  from  the  London 
Concrete  Machinery  Company  Ltd.,  London,  Ont.,  contains  particulars 
of  various  types  of  mixers,  hoists,  engines,  pumps,  barrows,  etc.,  for 
the  handling  of  concrete. 

Induction  Motors. — A  4-page  pamphlet  issued  by  the  English 
Electric  Company  of  Canada  Ltd.,  St.  Catharines,  Ont.,  gives  informa- 
tion regarding  the  new  completely  protected  induction  motor. 

Caterpillar  Tractors. — The  Caterpillar  Tractor  Company,  Peoria, 
111.,  have  issued  a  24-page  booklet  illustrating  the  various  applications 
of  tractors  to  ploughing. 

Wood  Preservation. — A  10-page  publication  received  from  the 
Tennessee  Eastman  Corporation,  Kingsport,  Tenn.,  describes  the 
preservation  of  wood  vdth  NO-D-K,  a  form  of  creosote  oil. 

The  Panama  Canal 

Opened  to  traffic  on  August  15th,  1914,  the  Panama  cajial  last 
year  completed  twenty  years  of  successful  operation,  during  which  it 
has  been  navigated  by  77,493  vessels  having  a  total  net  tonnage  of 
366,761,032  and  carrying  363,766,614  tons  of  cargo.  The  annual 
report  of  the  Governor  of  the  Canal  for  the  year  ending  June  30th, 
1934,  shows  that  after  two  years  of  traffic  decline  the  returns  for  the 
twelve  months  under  review  show  welcome  increases  in  the  number 
of  ships  passing  through  the  canal,  the  total  tonnage  of  the  vessels, 
the  tolls  collected  and  the  tonnage  of  the  cargo  carried.  The  ocean- 
going vessels  which  utilized  the  canal  in  1933-34  totalled  6,036  making 
together  28,566,595  net  tons  against  4,939  vessels  and  22,821,876  tone 
in  1932-33. 

The  cargo  conveyed  through  the  canal  in  1933-34  amounted  to 
24,718,651  tons  and  was  36  per  cent  higher  than  that  passing  through 
in  the  previous  twelve  months.  Traffic  in  both  directions  contributed 
nearly  equally  to  the  increase  in  cargo  tonnage,  the  rise  in  shipments 
from  the  Atlantic  to  the  Pacific  being  36.7  per  cent,  and  that  from 
the  Pacific  to  the  Atlantic  35.7  per  cent. — Engineering. 
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CORRESPONDENCE 

The  Editor, 

The  Engineering  Journal,  Woodbridge,  N  J. 

Montreal,  Canada.  April  26th,  1935. 

Dear  Sir: — 

The  writer  of  this  letter  has  been  absent  from  Canada  for  some 
years,  and  consequently  is  not  so  familiar  with  the  problem  of  en- 
gineers' organizations  as  most  of  the  resident  members.  I  have 
received  a  circular  containing  a  resume  of  this  situation  by  our  past- 
president,  Mr.  F.  P.  Shearwood,  m.e.i.c. 

Mr.  Shearwood  refers  to  the  difficulty  of  defining  the  status  of 
many  of  our  members  who  are  designated  as  employees.  This  is  a 
difficulty  which  The  Institute  must  resign  itself  to  and  I  fear  will 
aggravate  itself  with  the  further  development  of  our  industry.  Person- 
ally I  would  like  to  urge  our  president  to  consider  the  timeliness  of 
formulating  a  policy  along  this  very  important  phase  of  The  Institute's 
relationship,  i.e.  to  the  engineer  who  is  an  employee.  He  probably 
constitutes  a  majority  of  our  membership. 

In  many  ways  Canada  is  similarly  constituted  in  its  social  structure 
to  the  United  States.  It  must  be  recognized  that  while  we  may  have  a 
much  larger  diffusion  of  wealth  throughout  our  society  than  most 
radical  politicians  are  ready  to  admit,  we  are  nevertheless  subject  to 
an  increasingly  greater  concentration  of  control.  This  implies  larger 
units  of  management,  more  employees  and  more  stockholders  but  fewer 
minagers  and  independent  professional  specialists.  These  tendencies 
unioubtedly  are  at  work  in  the  Dominion. 

To  the  writer,  the  idea  of  provincial  or  state  engineers'  associations 
CO  nposed  of  land  surveyors,  town  engineers  and  construction  engineers, 
to  the  exclusion  of  industrial  engineers  is  an  anachronism.  It  is  even 
a  a  oot  question  as  to  whether  the  medical  profession  can  long  defend 
itself  against  son  e  form  of  socialization. 

1  think  our  Institute  should  recognize  these  tendencies  and  influence 
th  nr  course  for  the  benefit  of  the  rank  and  file  of  our  members.  Protec- 
ti  jn  of  the  public  is  a  favourite  argument  with  those  who  would  restrict 
tlie  practice  of  the  profession. 

Certainly  adherence  to  narrow  legal  standards  would  restrict  many 
good  engineers  of  sound  scientific  training  and  experience  from  ever 
entering  private  practice.  In  a  complex  industrial  society  many  prob- 
lems of  design  exist  which  are  utterly  beyond  the  ability  of  the  general 
practitioner  type  of  engineer.  Were  it  not  for  the  creative  ability  of 
our  employee  engineers  our  modern  industry  would  hardly  advance. 
I  can  readily  conceive  of  regulations  obtaining  legal  sanctions  which 
would  exclude  even  a  Steinmetz  from  private  practice. 

The  importance  of  the  consulting  engineer  is  rapidly  declining. 
He  has  little  or  nothing  to  offer  to  many  industries  who  have  as  a 
matter  of  fact  developed  their  own  consultants.  Many  of  our  engineers 
while  in  the  service  of  employers  have  created  their  own  status  and  are 
in  fact  just  as  truly  consultants  as  the  private  practitioner. 

Personally  I  believe  more  recognition  to  general  scientific  training 
is  desirable,  especially  in  the  case  of  the  engineer  who  has  a  post  graduate 
degree.  A  publicity  campaign  seeking  to  increase  the  compensation 
of  the  employee  engineer  might  be  of  advantage.  This  would  discourage 
overcrowding  during  periods  of  inadequate  compensation,  while  a 
knowledge  of  salaries  paid  in  different  districts  might  encourage  en- 
gineers seeking  employment  to  demand  more  reasonable  returns  for 
their  labour. 

Our  Journal  appeals  to  me  because  of  the  variety  of  subjects  dealt 
with  in  the  published  papers.  It  loses  greatly  in  value  however,  because 
of  the  omission  of  the  Engineering  Index.  I  for  one,  hope  this  feature 
will  be  restored. 

Our  Institute  should  continue  to  be  a  clearing  house  for  sound 
scientific  knowledge.    It  should  also  be  in  a  position  to  attest  the 
ability  of  its  members,  in  other  words  membership  in  The  Institute 
should  of  itself  be  evidence  of  the  engineer's  competence. 
Very  truly  yours, 

(Signed)  W.  K.  Thompson,  a.m.e.i.c. 

Rapid  Development  of  God's  Lake  Gold  Mine 

God's  Lake  mine  is  described  by  W.  F.  Baker  in  a  paper  entitled 
"Geology  of  God's  Lake  Gold  Mine  Limited"  in  the  May  Bulletin  of 
the  Canadian  Institute  of  Mining  and  Metallurgy.  Discovered  in  the 
summer  of  1932,  the  deposits  were  diamond-drilled  in  1933,  indicating 
ore  of  fairly  high  grade  in  payable  quantity.  During  the  winter  of 
1933-34  a  mining  plant  and  supplies  totalling  1,260  tons  were  hauled 
from  the  railway,  and  levels  were  opened  at  150  and  275  feet  depth. 
As  this  confirmed  the  presence  of  sufficient  ore  for  two  year's  supply 
for  a  150-ton  mill,  the  machinery  for  this  was  hauled  in  during  the 
past  winter  and  will  be  ready  for  operation  by  the  early  autumn. 
A  water-power  site  nearby  is  also  being  developed  to  provide  ample 
power.  Thus  in  three  years  from  the  time  of  its  discovery  a  profitable 
operation  will  have  been  established  in  this  remote  locality. 

The  distance  by  winter  road  from  the  Hudson  Bay  Railway  is 
130  miles;  but  so  cheaply  can  supplies  be  taken  in  over  the  level  winter 
road  by  tractor  train,  and  so  little  is  required  per  ton  of  ore  treated 
(20  pounds)  that  the  charge  for  this  freighting  per  ton  of  ore  treated 
is  only  30  cents.  This  30  cents  thus  measures  the  additional  cost  of 
operating  at  a  distance  of  130  miles  from  the  railway,  compared  with 
operating  at  the  "jumping-off"  point. 


Electric  Furnace  Foundry  of  the  Ford  Motor 
Company  of  Canada  Ltd. 

The  $425,000  electric  furnace  foundry  of  the  Ford  Motor  Com- 
pany of  Canada,  Limited,  at  East  Windsor,  Ont,,  went  into  production 
toward  the  end  of  March.  It  was  formally  opened  March  29th  when 
the  Border  Cities  Branch  of  The  Engineering  Institute  of  Canada  held 
its  monthly  meeting  at  the  Ford  plant.  The  engineers  were  guests 
of  the  company  at  dinner  in  the  home  office  restaurant,  and  John 
Coulter,  a.m.e.i.c,  president  of  The  Institute  Branch,  acted  as  chair- 
man. Wallace  R.  Campbell,  president  of  the  Ford  company,  welcomed 
the  nearly  one  hundred  guests,  and  John  S.  Beaumont,  chief  chemist, 
gave  a  paper  on  the  chemistry  of  the  steel  used  and  the  physical 
characteristics  of  the  cast  alloy  steel  crankshaft  produced  in  the  new 
unit. 

The  new  foundry  is  a  smaller  counterpart  of  the  huge  crankshaft 
foundry  at  the  Rouge  plant  of  the  Ford  Motor  Company,  which  was 
the  first  in  the  world  to  make  cast  steel  crankshafts  in  volume  for 
modern  motor  car  engines. 

It  is  now  commonplace  Ford  practice  to  cast  a  steel  crankshaft 
for  its  V-8  engine  which  is  superior  in  service  and  longer  lived  than 
the  forged  crankshaft  formerly  used.  Whereas  in  tests  the  forged  shaft 
shows  measurable  wear  after  10,000  miles  of  car  operation,  the  cast 
shaft  shows  none  (less  than  2/10,000  inch). 

Aside  from  an  improvement  in  the  product  from  the  standpoint 
of  serviceability,  there  are  appreciable  advantages  in  manufacturing  a 
cast  as  compared  with  a  forged  crankshaft.  It  is  about  10  pounds 
lighter  than  the  forged  shaft  because  of  the  use  of  cored  crankpin 
journals  and  the  reduction  in  weight  of  the  corresponding  counter- 
balances. The  forged  shaft  weighed  approximately  90  pounds  in  the 
rough  and  66  pounds  when  finished,  24  pounds  being  removed  in  the 
machining  process.  Only  nine  pounds  of  metal  is  taken  off  the  cast 
shaft  in  machining,  and  the  machining  operations  now  number  60  as 
against  62  on  the  forged  shaft.  A  considerable  saving  in  manufacturing 
cost  is  expected  to  be  realized. 

Metal  for  the  castings  is  prepared  in  a  five-ton  electric  furnace, 
the  charge  consisting  of  40  per  cent  steel  scrap  and  the  balance  pig 
iron,  back  stock  and  alloys.  All  the  scrap  comes  from  the  company's 
own  production  in  East  Windsor,  and  can  therefore  be  carefully  con- 
trolled as  to  analysis. 

The  foundry  is  successfully  handling  five  heats  a  day,  which 
permits  of  a  maximum  production  of  475  crankshafts,  enough  to  take 
care  of  production  at  the  maximum  of  about  460  engines  per  day, 
the  rate  at  which  the  East  Windsor  plant  has  been  currently  operating. 

After  the  steel  is  poured,  the  moulds  move  for  some  distance  on 
an  overhead  conveyor  from  which  are  suspended  special  carriers. 
When  the  moulds  have  had  time  to  cool  slowly,  the  sand  is  knocked 
off  and  falls  into  a  pit,  from  which  it  begins  its  journey  by  conveyor 
to  the  dump  bins.  New  sand  is  used  for  all  cores,  no  reconditioning 
being  possible  for  this  casting.  The  castings  themselves  remain  on  the 
conveyor  and  are  further  cooled,  after  which  the  "gates"  of  the  castings 
are  removed.  The  individual  cast  shafts  are  hung  on  conveyors  for 
cleaning,  grinding  and  inspection  prior  to  heat  treatment.  The  entire 
casting  of  four  crankshafts,  together  with  gates  and  risers,  weighs 
about  420  pounds. 
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Fig.  1— Charging  the  Five-Ton  Electric  Furnace. 

The  shafts  are  now  passed  through  a  double  heat  treatment  in 
one  62-foot  continuous  furnace.  After  the  heat  treatment  the  shafts 
are  loaded  on  the  return  half  of  the  conveyor,  and  then  are  transferred 
to  the  first  operation  of  a  drop  test  to  make  sure  the  shaft  is  perfect 
before  commencing  to  machine.  Brinell  hardness  is  taken  and  machine 
shop  operations  commence. 
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Cores  are  made  on  a  rotary  core-table  of  special  design.  This  is 
a  Ford  development,  built  especially  for  their  requirements. 

Operators  transfer  the  cores  from  the  core-table  to  a  vertical  core 
oven  of  the  continuous  type,  where  they  are  baked  under  controlled 
conditions  of  time  and  temperature.  Core  plates  are  hung  on  a  con- 
veyor which  takes  them  through  a  washing  machine  and  back  to  the 
core-making  machine. 


Fig.  2 — Pouring  from  the  Electric  Furnace. 

After  being  baked,  cores  are  placed  on  a  fiat  rotary  type  carrier 
on  a  chain  conveyor,  where  they  are  faced  and  washed.  They  are 
then  inspected,  gauged  and  inserts  are  placed  in  position. 

After  a  further  inspection  cores  are  placed  on  racks  on  a  continuous 
storage  conveyor  running  along  the  core  assembly  line.  This  conveyor 
eliminates  the  necessity  of  having  a  storage  room  for  cores  with  the 
consequent  handling  expense.  It  enables  operatives  along  the  assembly 
line  to  have  available  constantly  at  their  elbows  a  correct  supply  of  the 
various  cores  going  into  the  build-up.  The  build-up  is  held  to  an  over- 
all accuracy  of  30/1,000  inch. 

By  carefully  watching  the  heat  treatment  factors,  the  shafts  will 
remain  straight  and  the  Brinell  hardness  and  physical  properties  will 
be  within  the  proper  limits.   The  allowable  limits  on  physical  properties 

^^^'—  Twist  at  Twist  at 

Elastic  Limit  Ultimate  Elastic  Limit  Ultimate  Brinell 

Maximum  88,000  128,000               9°                     16°  255 

Minimum  96,000  130,000                6°                     25°  321 


Fig.  3 — Rotary  Core-Making  Machine. 

Impact:  Drop  of  50  pounds  40  inches  to  Hange  of  centre  main  bearing 
—2,000  inch-pounds. 
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The  composition  of  the  cast  steel  is  as  follows: — 

Carbon 1.35/1.60 

Manganese 0.50/0.60 

Silicon 0.85/1.10 

Chromium 0.40/0.50 

(Copper 1.50/2.00 

Phcsphorus O.U)  maximum 

Sulphur 0.0()  maximum 


Fig.  4 — Assemblies  of  Crankshafts  Before  Separation. 

Because  of  the  difficulty  in  machining  this  unusual  material,  which 
can  be  classified  as  "high  carbon,  high  copper,  chrome-silicon  cast  steel," 
special  hammered  high-speed  steels  are  employed.  Work  speeds  cf 
machine  tools  have  been  cut  down,  but  feeds  have  generally  remained 
the  same  in  machining  the  cast  shaft  as  compared  with  the  forged 
product.  The  cutting  tool  is  fed  into  the  work  as  heavily  as  possible 
without  chatter  or  breakage,  due  to  the  fact  that  a  light  feed  causes 
the  tool  to  glaze  quickly  and  dull. 

Following  rough  machining  all  shafts  are  given  a  torque  test. 
After  being  finish-machined  they  are  given  a  reverse  torsional  test  in 
a  machine  especially  designed  for  this  purpose.  A  torque  of  45,000 
inch-pounds  is  applied  in  either  direction,  this  being  ten  times  the 
calculated  maximum  stress  occurring  in  service  and  being  close  to  the 
elastic  limit  of  a  forging  of  the  same  design.  Although  this  shaft 
possesses  about  the  same  modulus  of  elasticity  as  the  forged  shaft, 
the  cast  shaft  is  capable  of  withstanding  repeated  reverse  stresses  for 
more  than  twice  the  time. 

Brinell  tests  reveal  that  the  exceptional  fatigue  strength  of  the 
cast  crankshafts,  claimed  to  be  more  than  twice  that  of  forged  shafts, 
may  be  attributed  to  the  uniform  hardness  of  the  metal  from  the 
heart  of  the  core  to  the  surface.  This  is  not  true  of  forged  shafts, 
which  show  a  Brinell  hardness  varying  from  the  centre  to  the  surface. 
Before  heat  trea:ment  the  Brinell  reading  of  the  cast  shaft  is  340  to 
360,  and  when  finished  from  255  to  321,  with  the  average  hardness 
around  300. 

The  electric  furnace  installation  is  the  first  completely  automatic 
unit  in  Canada.  It  utilizes  10-inch  electrodes  and  pulls  2,400  kv.a. 
from  the  Ford  power  house.  One  unit  in  the  power  house  provides 
the  electricity. 

Unwin  Memorial  Fund 

The  late  Dr.  W.  C.  Unwin  will  long  be  remembered  for  his  services 
on  many  large  engineering  problems  as  well  as  for  his  educational 
work.  Dr.  Unwin  died  on  March  17th,  1933,  in  his  ninety-fifth  year, 
and  thus  outlived  most  of  his  contemporaries.  During  his  long  life  he 
was  the  recipient  of  nearly  every  honour  that  could  be  conferred  upon 
him  by  his  fellow  engineers.  He  was  president  of  the  Institution  of 
Civil  Engineers  in  1911,  and  of  the  Institution  of  Mechanical  Engineers 
in  1915,  and  again  in  1916;  both  institutions  conferred  upon  him  the 
distinction  of  honorary  membership.  In  1921  Dr.  Unwin  was  awarded 
the  first  Kelvin  Medal,  the  highest  honour  bestowed  by  British  en- 
gineers. In  America,  where  he  was  so  well  known  for  his  work  on  the 
International  Niagara  Commission,  he  received  many  marks  of  apprecia- 
tion, among  which  were  the  honorary  memberships  of  the  American 
Society  of  Civil  Engineers  and  the  American  Society  of  Mechanical 
Engineers. 

Many  of  his  former  students  in  Canada  will  be  interested  to  hear 
that  a  memorial  fund  is  now  being  collected  by  a  committee  in  London 
under  the  chairmanship  of  Sir  Alfred  Chatterton,  the  proceeds  of  which 
will  be  devoted  to  a  scholarship  fund,  to  the  publication  of  an  extended 
memoir,  and  to  a  portrait  to  be  hung  in  the  Central  Technical  College, 
which  was  for  so  many  years  the  scene  of  his  labours.  Contributions 
to  the  fund,  and  orders  for  copies  of  the  memoir,  may  be  sent  to  The 
Treasurer,  Unwin  Memorial  Fund,  15A  Grosvenor  Mansions,  82 
Victoria  Street,  London,  S.W.I. 
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BRANCH  NEWS 

Border  Cities  Branch 

C.  F.  Davison,  A.M.E.I.C.,  Secretary-Treasurer. 
F.  J.  Ryder,  S.E.I.C.,  Branch  News  Editor. 

There  were  twenty-seven  persons  present  at  the  regular  monthly 
meeting  held  after  dinner  at  the  Prince  Edward  hotel  on  February 
15th,  1935. 

O.  Rolfson,  A.M.E.i.r,,  presented  the  councillor's  report.  The 
activities  at  the  General  Meeting  were  reported  upon  by  our  member, 
R.  A.  Spencer,  m.e.i.c. 

Owing  to  the  inability  of  Dr.  Clements  to  attend  as  announced, 
B.  Candlish,  a. m.e.i.c,  introduced  Mr.  T.  A.  Boyd  of  the  General 
Motors  Research  Laboratories,  Detroit,  who  presented  a  paper  on  the 
"Value  of  Research  to  Industry." 

The  first  question  asked  by  visitors  to  an  automobile  laboratory 
is  "What  is  the  use  of  all  this  research  anyway?  The  automobile  is 
just  as  perfect  as  it  ever  will  be."  This  idea  is  all  wrong  for  even  as 
far  back  as  1909  one  manufacturer  advertised  the  perfect  car.  One 
has  only  to  look  back  a  few  years  to  see  what  progress  has  been  made 
during  the  intervening  years.  The  automobile  has  been  a  gradual 
development,  not  one  big  discovery  or  improvement. 

However,  discoveries  and  inventions  do  not  spring  forth  suddenly 
but  are  the  results  of  long  tiresome  hours  of  research.  The  most 
important  thing  in  research  is  the  ability  to  get  new  ideas.  Only  a 
small  percentage  of  ideas  are  new  or  practical. 

The  history  of  all  new  ideas  is  quite  similar.  At  first  presentation 
it  is  thrown  into  the  waste  paper  basket  without  consideration,  similarly 
for  the  second  and  even  the  third  time.  After  persisting  for  several 
years,  if  your  idea  is  still  good,  it  will  get  the  notice  which  it  deserves. 

There  is  much  room  for  improvement  in  present  day  cars.  They 
could  be  more  dependable,  have  lighter  and  smoother  engines;  better 
carburetion  and  ignition;  improved  transmission;  easier  and  safer 
brakes;  and  many  other  mechanical  advantages. 

After  a  number  of  slides  had  been  shown  the  meeting  was  thrown 
open  to  discussion. 

The  one  method  of  research  in  laboratory  work,  is  to  put  a  man 
in  a  laboratory  and  let  him  work  unhindered  on  any  ideas  he  may 
have  and  in  any  way  he  likes.  The  other  and  the  more  common  way, 
is  to  put  a  man  at  work  solving  one  definite  problem. 

H.  J.  A.  Chambers,  a. m.e.i.c,  and  L.  E.  Krebser,  a. m.e.i.c,  moved 
a  vote  of  thanks  to  Mr.  Boyd  for  his  excellent  paper. 

Hamilton  Branch 

A.  Love,  M.E.I.C,  Secretary-Treasurer. 

A.  B.  Dove,  Jr.E.I.C,  Branch  News  Editor. 

Weather  Forecasting 

At  a  joint  meeting  of  the  Hamilton  Branch  of  The  Institute  and 
the  Hamilton  Centre,  Royal  Canadian  Astronomical  Society,  at  Mo- 
Master  University  on  April  22nd,  1935,  Mr.  John  Patterson,  f.r.c.s., 
addressed  the  gathering  on  the  subject  of  "Weather  Forecasting." 

Mr.  Patterson  after  being  introduced  by  Dr.  Dawson  of  McMaster 
University,  told  the  meeting  of  the  value  of  forecasting  to  shipping 
and  farm  areas,  as  well  as  to  the  populated  districts.  He  described 
a  great  chain  of  Canadian  meteorological  stations  working  in  conjunc- 
tion with  the  United  States  stations  without  which  only  half  the  story 
would  be  evident. 

By  diagrammatic  slides  Mr.  Patterson  demonstrated  the  cutting  of 
warm  wave  fronts  into  cold  bodies  with  very  definite  lines  of  demarca- 
tion over  the  continent.  Strange  as  it  may  seem,  the  warm  and  cold 
bands  may  lie  side  by  side,  unmixing  for  great  periods.  Warm  air  of 
course  is  saturated  with  moisture  to  a  much  greater  extent  than  cold, 
giving  rise  to  precipitation  on  meeting  the  cold  wave  front.  The  driv- 
ing force  of  the  cold  band  may  lift  the  warm  air  in  mass  and  give 
heavy  rains. 

The  cold  front  is  preceded  by  a  "roll-cloud"  formation  with  winds 
of  15  to  20  miles  per  hour.  In  the  cold  region  the  sky  may  be  bright 
and  clear  while  at  the  junction  of  hot  and  cold  fronts  rains  will  be 
pronounced.  The  winter  systems  have  great  variations  and  are  much 
more  difficult  to  show  graphically. 

The  lecture  was  further  illustrated  by  motion  pictures  of  cloud 
formation  and  dissolution,  at  high  speeds.  The  pictures  were  taken 
from  a  mountain  top  in  Oakland,  Cal.,  and  showed  clouds  rushing  by, 
increased  in  motion  by  the  camera  to  a  speed  of  six  times  that  actually 
photographed.  Clouds  were  shown  to  form  on  meeting  a  cold  current 
and  to  dissolve  when  passing  into  warm  paths  over  hills. 

A  \ote  of  appreciation  was  passed  for  a  most  interesting  lecture 
and  the  meeting  adjourned  for  refreshments. 

Several  members  of  the  Branch  journeyed  to  Welland  on  the 
afternoon  of  May  2nd  and  enjoyed  the  programme  arranged  by  the 
Niagara  Peninsula  Branch  of  The  Institute  and  the  Ontario  Section 
A.S.M.l"].,  visiting  the  plants  of  the  Page-Hersey  Tube  Company  and 
the  Atlas  Steel  (Company,  also  the  heavy  forging  and  the  drop  forging 
plants  of  the  Canada  Foundri(>s  and  Forgings  Ltd. 

Following  th(;  visits  (liiiiier  was  served,  then  followed  a  meeting 
which  was  both  instructive  and  enjoyable.  The  Niagara  Peninsula 
Branch  is  to  be  congratulated  on  carrying  out  so  successfully  such  an 
elaborate  programme. 


Niagara  Peninsula  Branch 

P.  A.  Dewey,  A. M.E.I.C,  Secretary-Treasurer. 
C  G.  Moon,  A. M.E.I.C,  Branch  News  Editor. 

A  joint  meeting  with  the  A.S.M.E.  (Ontario  section),  was  held  in 
the  city  of  Welland  on  May  2nd,  1935,  with  about  250  members  attend- 
ing. The  afternoon  session  was  devoted  mainly  to  visiting  the  following 
plants : — 

Canada  Foundries  and  Forgings Heavy  and  drop  forgings. 

Canadian  Atlas  Steels  Ltd Tool  and  special  steels. 

Page-Hersey  Tubes  Ltd Pipe  and  tubes. 

Other  industries  which  were  also  open  for  inspection  through  the 
kindness  of  their  Executives  are  as  noted  below  :^ 

Plymouth  Cordage  Co.  Empire  Cotton  Mills  Ltd. 

Dominion  Fabrics  Ltd.  Standard  Steel  Construction  Co. 

Mead-Morrison  Co.  Ltd.  National  Refractories  Ltd. 

Welland  Electric  Steel  Foundry.  John  Deere  Mfg.  Co.  Ltd. 

After  an  excellent  dinner,  which  was  served  by  the  ladies  at  the 
Raymond  Auditorium,  motion  pictures  were  presented  showing  the 
process  at  the  Atlas  Steels  plant  and  slides  to  illustrate  papers  by 
Messrs.  M.  F.  McCarthy,  R.  McGlone  and  Mr.  Voorhees  of  the  Erie 
Forge  Company.  These  combined  addresses  reviewed  the  history  of 
forging,  the  rapid  growth  in  the  use  of  alloys  and  their  particular 
application,  the  practical  problems  of  forging  and  heat  treating  and 
pictures  of  micrographic  structure  as  well  as  some  of  the  heavy  forgings 
for  crankshafts,  guns,  etc.,  which  are  now  being  used. 

Mementoes  of  this  visit,  in  the  form  of  paper  knives  and  ash  trays, 
were  distributed  among  the  guests;  also  a  number  of  prizes,  donated 
by  various  local  firms,  were  drawn  for  by  means  of  a  free  raffle  and 
presented  by  Mr.  Batchelder. 

C.  H.  McL.  Burns,  a.m.e.i.c,  acted  as  chairman  of  the  committee, 
which  is  to  be  congratulated  upon  an  excellent  programme.  Other 
members  of  the  local  committee  were  Messrs.  F.  L.  Haviland,  m.e.i.c, 
of  the  Standard  Steel  Construction  Company;  Paul  E.  Buss,  a.m.e.i.c, 
of  the  Provincial  Paper  Mills;  J.  C.  Street  of  the  Welland  Water  Works; 
E.  P.  Johnson,  a.m.e.i.c,  of  the  Welland  Ship  Canal;  N.  A.  Batchelder 
of  the  Empire  Cotton  Mills. 

Ottawa  Branch 

F.  C.  C.  Lynch,  A.M.E.I.C,  Secretary-Treasurer. 
Geological  Mapping  with  Aeroplane  Assistance 

How  the  aeroplane  can  prove  of  tremendous  assistance  in  the 
geological  mapping  of  the  Pre-Cambrian  regions  of  Northwestern 
Canada  was  ably  described  in  a  noon  luncheon  address  by  F.  J.  Alcock, 
Ph.D.,  of  the  Geological  Survey  of  Canada,  at  the  Chateau  Laurier 
before  the  local  Branch  on  April  25th,  1935.  Dr.  Alcock,  who  has 
made  a  special  study  of  Pre-Cambrian  geologj',  was  engaged  during 
the  summer  of  1934  on  a  geological  exploration  of  the  area  in  northern 
Saskatchewan  lying  north  of  the  Churchill  river  and  drained  by  two 
of  its  tributary  streams,  the  Mudjatik  and  Haultain  rivers.  The 
exploration  was  a  co-operative  undertaking  between  the  Dominion  and 
the  Saskatchewan  governments. 

A  flying  boat  was  placed  at  the  disposal  of  the  party  as  well  as  a 
radio  receiving  set  and  a  wireless  sending  set.  With  the  flying  boat 
it  was  a  simple  matter  to  keep  the  party  well  supplied  with  provisions 
and  to  transport  the  party  from  one  place  to  another  without  the 
laborious  work  of  canoeing  and  portaging  over  long  distances.  By 
means  of  the  wireless  equipment  communication  was  maintained  with 
Ile-a-la-Crosse,  the  nearest  wireless  station.  Through  this  station  the 
party  was  able,  in  turn,  to  keep  in  touch  with  Prince  Albert  and  other 
points  in  civilization.  The  party  also  had  the  advantage  of  detailed 
maps  of  the  area  prepared  from  aerial  photographs  previously  taken 
by  the  Royal  Canadian  Air  Force,  as  well  as  copies  of  the  photographic 
prints  themselves  for  direct  reference. 

Canoes,  of  course,  had  to  be  used  for  the  ground  work  proper  and 
frequently  side  trips  by  canoe  had  to  be  made  for  a  few  days  at  a  time, 
in  which  case  usually  two  men  would  take  part  and  all  equipment  was 
so  reduced  that  only  one  trip  across  the  portages  would  be  required. 
For  some  particularly  inaccessible  regions  the  plane  would  frequently 
be  used  when  it  would  land  the  party  on  a  nearby  lake  with  a  small 
folding  canvas  canoe. 

The  region  covered,  stated  Dr.  Alcock,  was  one  where  the  relief 
was  somewhat  more  pronounced  than  usual  with  the  Pre-Cambrian 
formation.  Hills  up  to  300  feet  in  height  were  quite  common;  the 
streams  in  general  were  small,  and  many  of  the  water  areas  lay  in 
deep  basins  difficult  of  access. 

The  work  was  greatly  speeded  up  by  the  plane  and  much  in- 
vestigation, non-productive  of  results,  was  obviated  merely  by  inspec- 
tion from  the  air. 

Dr.  R.  W.  Boyle,  m.e.i.c,  chairman  of  the  Branch,  presided,  and 
in  addition  head  table  guests  included:  Hon.  W.  A.  Gordon,  Major 
General  A.  G.  L.  McNaughton,  m.e.i.c,  Dr.  C.  Camsell,  m.e.i.c.  Dr. 
W.  H.  Collins,  G.  J.  Desbarats,  m.e.i.c,  L.  L.  Bolton,  m.e.i.c,  J.  A. 
Wilson,  a.m.e.i.c,  F.  C.  C.  Lynch,  a.m.e.i.c,  F.  H.  Peters,  m.e.i.c, 
Alan  K.  Hay,  a.m.e.i.c,  Group  Captain  E.  W.  Stedman,  m.e.i.c,  and 
Dr.  J.  H.  Parkin,  m.e.i.c. 
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Quebec  Branch 

Jules  Joyal,  A.M.E.I.C,  Secretary-Treasurer. 
La  Canalisation  du  St-Laurent 

Ce  sujet  est  6videmment  d'envergure  trop  vaste  pour  4tre  traitd 
k  fonds  dans  I'espace  d'une  vingtaine  de  minutes,  mais,  lors  d'une 
reunion  g^n^rale  de  notre  section,  tenue  au  Palais  Montcalm  le  4  mars 
dernier  et  sp6cialement  organis^e  pour  mettre  en  vedette  le  groupe  de 
nos  jeunes  membres,  M.  Rene  Dupuis,  a.m.e.i.c,  assistant  surintendant 
de  la  division  du  pouvoir  a  la  Cie  Quebec  Power,  nous  a  donn6  un 
apergu  remarquable  de  I'ensemble  du  projet. 

Monsieur  Dupuis  traite  d'abord  de  la  gdographie  du  St-Laurent 
dent  la  longueur,  a  partir  du  d(5troit  de  Belle-Isle  jusqu'jl  I'extr^mit^ 
ouest  du  lac  Sup^rieur,  est  de  2375  milles;  sous  la  rubrique  distances 
verticales  il  mention ne  que  Montri^al  est  h  20  pieds  au-dessus  du  niveau 
de  la  mer,  le  lac  Ontario  k  245  pieds,  le  lac  Eri6  £i  570  pieds,  le  lac 
Michigan  k  580  pieds  et  enfin  le  lac  Sup^rieur  k  600  pieds. 

Cette  chalne  de  lacs  forme  un  immense  reservoir  d'environ  95,000 
milles  carr6s  et  assure  au  fleuve  une  stability  de  d6bit  naturel  unique 
au  monde;  le  conf^rencier  nous  fait  ensuite  remonter  le  St-Laurent 
jusqu'a  ses  sources  en  notant  les  profondeurs  d'eau  jusqu'^  Montreal 
et  les  diff^rents  rapides  a  1' ouest  de  ce  dernier  endroit. 

Dans  la  seconde  partie  de  sa  causerie  Monsieur  Dupuis  donne  la 
liste  des  diff6rents  canaux  avec  leurs  caract^ristiques  respectives  soit: 
la  longueur  en  milles,  le  nombre  d'ecluses  et  de  pieds  de  montee,  puis 
la  profondeur  d'eau.  En  passant  le  conferencier  s'arrete  quelque  peu 
sur  la  diversion  des  eaux  du  Lac  Michigan  par  la  ville  de  Chicago,  et 
4numere  les  motifs  de  la  construction  de  ce  canal  de  diversion  et  d6- 
montre  que  cette  derniere  a  pour  effet  d'abaisser  le  niveau  de  I'eau 
de  plusieurs  pouces  dans  le  port  de  Montreal  qui  en  souffre  gravement. 

Les  canaux  projet^s  devront  avoir  les  caract^ristiques  du  canal 
Welland  dont  la  profondeur  est  de  25  pieds;  le  fleuve  St-Laurent  avec 
ses  canaux  forme  un  cours  d'eau  navigable  depuis  son  embouchure 
jusqu'^  la  tete  des  grands  lacs;  les  sujets  de  sa  Majeste  Britannique 
et  des  Etats-Unis  ont  le  droit  d'y  naviguer  en  vertu  de  trait^s  dont  le 
conf4rencier  nous  cite  certaines  clauses  se  rapportant  a  la  navigation. 

Un  bref  apergu  est  aussi  donn6  des  forces  hydrauliques  utilisables 
le  long  du  fleuve. 

En  troisieme  lieu  Monsieur  Dupuis  parle  du  coGt  anticip6  de  la 
canalisation  et  du  revenu  qu'on  en  attend,  il  donne  dans  cette  partie 
une  foule  de  chiffres  tres  int^ressants  mais  que  nous  ne  pouvons  citer 
faute  d'espace  et  pour  conclure  le  conferencier  ^numere  les  raisons 
"pour"  et  "contre"  la  canalisation  sans  en  faire  1' appreciation. 

A  cette  meme  reunion  nous  avions  le  plaisir  d'entendre  MM. 
James  O'Halloron,  a.m.e.i.c,  et  Jean  St-Jacques,  s.e.i.c,  sur  des  sujets 
tres  int6ressants;  un  r6sum4  de  leurs  causeries  sera  publi6  prochaine- 
ment  dans  la  section  des  "Branch  News"  du  Journal  de  I'lnstitut. 

Sault  Ste.  Marie  Branch 

H.  0.  Brown,  A.M.E.I.C,  Secretary-Treasurer. 
Construction  of  a  Modern  Highway 

The  Sault  Ste.  Marie  Branch  held  the  general  n^eeting  for  April 
at  the  Windsor  Hotel  on  Tuesday  evening,  April  30th,  1935,  instead 
of  on  the  regular  meeting  night  of  Friday,  April  26th.  This  was 
arranged  for  the  convenience  of  the  speaker  for  the  meeting. 

The  dinner  preceding  the  meeting  was  well  attended  and  twenty- 
seven  members  and  guests  sat  down  at  6.45.  Following  the  dinner  the 
chairman,  F.  Smallwood,  m.e.i.c,  called  the  meeting  to  order. 

After  the  routine  business  was  transacted  the  chairman  introduced 
the  speaker  of  the  evening,  Mr.  R.  T,  Lyons,  B.A.Sc,  of  the  Depart- 
ment of  Northern  Development,  Sault  Ste.  Marie.  Mr.  Lyons'  subject 
was  "  Construction  of  a  Modern  Highway,"  illustrated  with  photographs 
and  lantern  projection  views. 

Starting  with  reconnaissance  surveys  of  the  proposed  road  by 
aeroplane,  the  various  steps  in  the  development  of  the  standard  30-foot 
gravel  highway  were  described.  Most  of  the  photographs  shown  had 
reference  to  the  construction  work  done  in  the  Kenora  area  on  the 
Trans-Canada  Highway,  and,  therefore,  were  of  special  interest  at  this 
time  owing  to  the  discussions  which  have  taken  place  about  the  proper 
location  for  the  connecting  link  between  this  district  and  Kenora. 

Another  feature  of  road-building  and  n^aintenance  which  is  of 
special  interest  at  this  time  in  this  area  is  dust  laying.  The  relative 
merits  and  costs  of  the  oil  treatn  ent  and  calcium  chloride  treatment 
were  referred  to  by  the  speaker. 

After  the  address  further  inforn  ation  was  brought  out  by  the 
questions  presented  by  the  members.  The  discussion  indicated  that 
the  majority  present  had  a  very  active  interest  in  the  subject. 

At  the  close  of  the  discussion  the  chairiran,  on  behalf  of  the  Sault 
Ste.  Marie  Branch,  thanked  Mr.  Lyons  for  addressing  the  meeting 

Winnipeg  Branch 

J.  F.  Cunningham,  A.M.E.I.C,  Secretary-Treasurer. 
H.  L.  Briggs,  A.M.E.I.C,  Branch  News  Editor. 

Modern  Sewage  Treatment 
On  April  18th,  1935,  W.  D.  Hurst,  a.m.e.i.c,  gave  a  paper  entitled 
"Modern  Sewage  Treatment."    The  subject  was  of  particiJar  interest 


to  Winnipeg  engineers  because  of  the  proposed  scheme  of  interceptor 
sewers  and  a  treatment  plant  for  that  city. 

At  the  present  time  the  Assiniboinc  and  Red  rivers  are  carrying 
the  discharge  from  49  untreated  main  outlets  and  12  private  outlets, 
in  Greater  Winnipeg,  which  with  the  present  low  flow  in  the  rivers 
has  resulted  in  nuisance  conditions.  The  speaker  outlined  three  criteria 
whereby  nuisance  due  to  sewage  in  a  stream  is  currently  judged,  namely, 
if  the  river  flow  be  less  than  3.5  c.f .s.  per  1 ,000  population,  if  the  dissolved 
oxygen  in  the  river  water  fall  below  50  per  cent,  or  if  the  ammonia 
content  of  the  water  exceed  a  certain  percentage.  Interesting  slides 
were  shown  demonstrating  that  for  the  last  years,  these  three  boundary 
lines  had  been  definitely  transgressed.  Other  information  was  presented 
which  showed  that  increase  in  river  flows  of  sufficient  amount  to  alleviate 
these  conditions  in  the  next  few  years  was  exceedingly  doubtful.  The 
proposals  for  a  system  of  interceptor  sewers,  to  convey  the  discharge 
to  a  treatment  plant  north  of  the  city,  were  outlined. 

A  wide  variety  of  treatment  processes,  from  mechanically  cleaned 
screens  to  the  incineration  of  the  sludge,  were  described,  and  illustrated 
by  a  large  number  of  slides. 

Those  contributing  to  the  lengthy  discussion  which  followed  in- 
cluded D.  L.  McLean,  a.m.e.i.c,  Wm.  Aldridge,  A.?rf.E.i.c,  J.  W.  Porter, 
M.E.I.C,  E.  V.  Caton,  m.e.i.c,  W.  M.  Scott,  m.e.i.c,  T.  C.  Main, 
A.M.E.I.C,  G.  E.  Cole,  a.m.e.i.c,  and  Chas.  T.  Barnes,  a.m.e.i.c  Mr. 
G.  E.  Cole  paid  tribute  to  the  mining  engineer  Dorr  for  his  extensive 
inventions  of  metallurgical  machinery  which  had  been  so  widely  adapted 
to  sewage  treatment. 

A  hearty  vote  of  thanks  to  the  speaker  of  the  evening  was  moved 
by  E.  V.  Caton,  m.e.i.c. 

List  of  New  and  Revised  British  Standard 
Specifications 

(issued  during  March,  1935) 

B.S.S.  No. 

9 — 1935.  Bull  Head  Railway  Rails.     {Revision.) 

Introduction  of  medium  manganese  quality  of  rail  with 
analyses  and  tests  and  alteration  in  permissible  percentage 
of  short  lengths  in  the  case  of  rails  60  feet  long. 

138 — 1935.   Portable  Chemical  Fire  Extinguishers.     (Revision.) 

Specification  for  materials,  constructional  strength  and 
performance  of  portable  chemical  fire  extinguishers  of  the 
acid  alkali  or  soda  acid  type. 

412 — 1935.  Engine  Testing  Equipment.     (Revision.) 

Includes  two  further  sections,  one  standardizing  dimensions 
of  attachments  for  testing  fittings,  i.e.  thermometer  pockets, 
etc.;  the  other  to  deal  with  suitable  forms  of  indicator  gear 
to  ensure  adequate  accuracy. 

590 — 1935.  Electrically  Welded  Mild  Steel  Chain  Short  Link  and  Pitched 
or  Calibrated. 

Provides  for  sizes,  quality  and  mechanical  strength  of 
electrically  welded  short  link  pitched  or  calibrated  mild 
steel  chain  of  sizes  ranging  from  6  S.W.G.  to  17/32  in., 
representing  a  range  of  maximum  permissible  loads  of  from 
1/5  ton  to  1  ton  14  cwt. 

591 — 1935.   Wrought  Iron  and  Mild  Steel  Hooks  of  the  "C"  or  Liverpool 
Type. 

Specifies  design  and  mechanical  strength  of  special  type 
of  hook  used  for  unloading  of  ships,  general  cargo,  and  in 
building  operations.     Loads  ranging  from  one  to  ten  tons. 

592 — 1935.  Steel  Castings  for  General  Engineering  Purposes. 

Provides  for  four  classes  to  cover  the  normal  range  of  steel 
castings  used  in  all  sections  of  engineering  industry. 
Requirements  included  for  details  of  manufacture,  heat 
treatment  and  mechanical  properties. 

593 — 1935.  General  Purposes  Laboratory  Thermometers. 

Provides  for  workmanship,  dimensions  and  constructional 
details  and  figuring  of  total  immersion  and  partial  im- 
mersion thermometers  for  general  laboratory  work. 

599—1935.   Pump  Tests. 

Designed  to  cover  determination  of  performance  and 
efficiency  of  pumps  when  handling  clean  water  at  tem- 
peratures up  to  85  degrees  F. 

601 — 1935.  Steel  Sheets  for  Transformers  for  Power  and  Light. 

Sheets  of  one  thickness  are  standardized  in  two  sizes. 
Three  qualities  of  sheet  are  however  specified  according 
to  the  loss  in  watts  per  lb.   Other  tests  include  permeability, 
ageing,  finish,  etc.    Details  of  methods  of  testing  given  in 
Appendices. 
Copies  of  the  new  specifications  may  be  obtained  from  the  British 

Standards  Institution,  28  Victoria  Street,  London,  S.W.l,  England,  and, 

in  Canada,  from  the  Canadian  Engineering  Standards  Association,  79 

Sussex  Street,  Ottawa. 

The  S.  R.  Dresser  Manufacturing  Company,  Bradford,  Penn.,  and 
Toronto,  announce  a  new  type  of  compression  coupling,  style  65.  This 
is  supplied  in  standard  steel  pipe  sizes  from  ^  inch  to  2  inches  I.D, 
inclusive.  It  is  suitable  for  plain  end  pipe,  no  special  preparation  of 
pipe  ends  being  needed. 
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United  States  Passamaquoddy  Power  Project 

The  federal  government  will  take  over  the  construction  of  the 
long-discussed  Passamaquoddy  Bay  tidal  power  project  in  Maine,  if 
the  recommendation  of  the  Advisory  Committee  on  Allotments  that 
$10,000,000  of  the  relief  works  funds  be  allocated  to  the  Corps  of 
Engineers  to  start  construction  of  that  project  is  approved  by  the 
President. 

As  originally  proposed  by  Dexter  P.  Cooper  several  years  ago, 
the  project  included  all  of  Passamaquoddy  Bay  (mostly  in  the  province 
of  IS'ew  Brunswick),  Cobscook  Bay  in  Maine  and  several  dams  to  shut 
off  the  two  bays  from  the  ocean  and  to  separate  them  into  an  upper 
and  lower  pool.    The  present  project,  as  shown  in  the  accompanying 


■Levee 


Disfricf  office 
Area  office 
Confroiciors  camps 


The  Tidal  Project  Originally  Designed  to  Include  Passamaquoddy 

Bay  is  now  confined  to  the  much  smaller  Cobscook  Bay 

supplemented  by  a  Pumped -Storage  Reservoir. 

map,  includes  only  Cobscook  Bay  in  the  tidal  power  scheme  and  adds 
a  pumped-storage  reservoir  to  be  located  along  the  coast  south  of 
Cobscook  Bay. 

As  has  been  the  case  ever  since  the  project  was  first  put  forward 
no  engineering  drawings  of  the  proposed  dams,  control  gates  and  power 
houses  have  been  made  public.  About  a  year  ago  the  project  was 
put  up  to  the  Public  Works  Administration  for  financing  but  it  was 
disapproved  by  the  P.W.A.  board  of  review,  and  no  details  other  than 
the  estimated  cost  of  $47,000,000  have  been  made  public.  The  present 
project,  according  to  the  official  statement,  is  designed  to  create  and 
maintain  a  low  level  pool  in  Cobscook  Bay  and  to  use  the  difference 
in  head  between  this  pool  and  the  ocean  which  will  vary  with  the  tide, 
to  generate  electric  energy.  The  initial  development  will  utilize  the 
head  above  5  feet  in  a  main  power  station  with  an  installed  capacity 
of  166,670  kv.a.  but  the  powerhouse  will  be  constructed  for  a  maximum 
capacity  of  366,874  kv.a.  with  12  units  not  installed.  The  estimated 
cost  is  placed  at  $36,284,000.  The  normal  range  of  tide  in  Cobscook 
Bay  is  18  feet. 

The  storage  reservoir  will  have  a  surface  elevation  of  130  feet  above 
sea  level,  and  surplus  power  will  be  used  to  pump  water  into  this 
reservoir,  to  be  converted  into  electric  energy  during  the  low  tide 
period.  The  emptying  gate  which  will  control  the  level  of  the  Cobscook 
pool,  and  the  navigation  lock,  will  require  a  cofferdam  of  75  feet  in 
depth,  capable  of  withstanding  a  maximum  of  20  feet  tidal  range  and 
ocean  storms.  Three  of  the  rock  dams  are  to  be  placed  in  water  in 
excess  of  100  feet  in  depth  and  subject  to  high  velocity  due  to  the 
p(^riodic  reversing  of  the  tide. 

The  Corps  of  Engineers  has  passed  upon  the  practicability  but 
not  upon  the  economics  of  the  project. 

Major  Philip  B.  Pleming  of  the  Corps  of  Engineers  who  acted  as 
deputy  administrator  of  public  works  from  September  1934  until 
May  1935,  is  to  be  engineer  in  charge  of  the  Passamaquoddy  project 
for  the  army  engineers. — Engineering  News-Record 


The  Development  of  Building  Codes  in  the 
United  States 

For  years,  architects,  engineers,  builders,  manufacturers  and  others 
whose  work  or  products  go  into  building  construction  in  the  United 
States,  have  complained  bitterly  about  existing  building  regulations. 
Architects  have  said  that  their  freedom  of  design  has  been  unnecessarily 
restricted.  Engineers  and  builders  have  claimed  that  obsolete  or  ill- 
considered  code  provisions  increased  building  construction  costs  with- 
out adding  any  compensating  benefits  in  the  way  of  increased  public 
health  or  safety.  Manufacturers  of  building  materials  have  pointed  out 
that  their  tested  and  tried  products  have  been  compelled  to  run  a 
gauntlet  of  conflicting  regulations,  and  that  promising  new  materials 
and  methods  sometimes  died  in  the  struggle  for  recognition. 

The  public,  on  the  other  hand,  has  voiced  its  disapproval  of  poor 
or  uncontrolled  construction  in  no  uncertain  terms  following  the 
destruction  wrought  by  earthquakes,  tornadoes,  fire,  time  and  other 
causes.  In  addition,  those  who  advance  n;oney  on  building  construc- 
tion, those  who  insure  building  loans,  and  those  who  insure  buildings 
demand  sound  building  regulations  as  a  protection  for  their  invest- 
ment. 

When  questions  of  public  health  and  safety,  requirements  for 
countless  varieties  of  building  materials  and  design  and  construction 
problems  must  all  be  considered  in  formulating  a  building  code,  it  is 
obvious  that  the  procedure  requires  a  broad  range  of  representation 
and  a  permanent,  long-range  plan  for  insuring  retention  of  advances 
made,  as  well  as  providing  rrachinery  for  necessary  revisions. 

A  special  committee,  composed  of  representatives  of  national 
organizations  having  an  interest  in  the  entire  building  code  field  and 
private  experts,  has  been  appointed  under  the  procedure  of  the  American 
Standards  Association  to  investigate  methods  for  continuing  the  work 
on  building  codes  of  the  Department  of  Commerce  Building  Code 
Conunittee,  recently  disbanded. 

The  Department  of  Commerce  Committee  was  discontinued  for 
reasons  of  economy  and  in  line  with  the  principle  that  agencies  outside 
of  the  government  should  have  an  opportunity  to  participate  more 
directly  in  the  work.  The  Department  of  Commerce  and  the  American 
Standards  Association  arranged  to  co-operate  in  the  future  development 
of  building  code  recommendations. 

Frequent  surveys  have  brought  out  the  salient  facts  about  the 
current  status  of  building  regulations.  There  are  to-day  something 
like  fifteen  hundred  local  codes  of  all  sizes  and  descriptions  in  existence 
in  the  United  States  and  half  a  dozen  state  codes.  In  spite  of  sustained 
efforts  to  bring  about  scientific  treatment  of  topics  in  the  interest  of 
safety  and  health  these  codes  still  differ  widely  in  their  treatment  of 
fundamentals.  Without  necessarily  recommending  complete  uniformity 
in  building  codes  the  sentiment  is  often  expressed  by  architects,  building 
officials,  engineers  and  others  that  a  vast  amount  of  work  remains  to 
be  done  in  bringing  them  up  to  an  acceptable  standard. 

It  is  true  that  there  are  model  codes  in  existence  sponsored  by 
organizations  of  building  officials  and  by  insurance  interests.  While 
these  have  made  definite  contributions  towards  better  requirements, 
they  differ  both  in  method  of  presentation  and  actual  provisions. 

In  general,  the  task  of  the  A.S.A.  committee  will  be  to  consider 
matters  of  general  interest  with  respect  to  building  codes;  to  act  as 
an  advisory  committee  to  the  Association;  to  consider  what  subjects 
are  appropriate  for  development  in  the  A.S.A. ;  to  define  and  limit 
the  scope  of  projects  for  which  it  recommends  sponsors;  to  follow  up 
work  in  progress  in  the  development  of  projects;  to  review  the  personnel 
of  committees  responsible  for  building  code  projects  to  insure  their 
having  a  representative  character;  to  examine  recommendations  sub- 
mitted by  sectional  committees  and  to  harmonize  conflicts  between 
the  several  recommendations;  and  to  act  upon  such  other  matters 
that  may  be  brought  before  it  with  relation  to  the  development  of 
building  codes  as  it  may  consider  within  its  province. 

Individual  projects  will  be  handled  by  sectional  committees,  thus 
affording  representation  for  all  those  having  an  interest  in  one  or  more 
phases  of  building  codes,  but  not  in  the  entire  field. 

Canadian  Standard  Forms  of  Construction  Contract 

In  the  editorial  dealing  with  this  topic  in  the  January  issue  of  The 
Journal  the  statement  should  have  been  included  that  these  forms,  as 
approved  by  the  Council  of  The  Engineering  Institute  of  Canada  and 
issued  by  the  Canadian  Construction  Association,  are  essentially  those 
originally  produced  by  The  Royal  Architectural  Institute  of  Canada 
jointly  with  the  Canadian  Construction  Association,  applying  to  work 
executed  under  the  supervision  of  an  architect. 

Association  of  Canadian  Fire  Marshals  and  Dominion 
Fire  Prevention  Association 

On  Tuesday,  Wednesday  and  Thursday,  June  18th,  19th  and  20th, 
1935,  the  joint  annual  meetings  of  the  Association  of  Canadian  Fire 
Marshals  and  the  Dominion  Fire  Prevention  Association  will  be  held 
at  the  Chateau  Laurier,  Ottawa. 

The  Fire  Marshals  Association  will  convene  on  June  18th  at  10 
o'clock  and  the  Dominion  Fire  Prevention  Association  will  convene  at 
2.30  p.m.  on  June  19th,  following  a  joint  luncheon  of  both  organizations. 
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EMPLOYMENT  SERVICE  BUREAU 

The  Service  is  operated  for  the  benefit  of  members  of  The  Engineering  Institute  of  Canada, 

and  for  industrial  and  other  organizations  employing  technically  trained  men — 

without  charge  to  either  party. 

All  correspondence  should  be  addressed  to 

The  Employment  Service  Bweau,  The  Engineering  Institute  of  Canada 

2050  Mansfield  Street,  Montreal 


Situations  Wanted 

SALES  ENGINEER,  b.e.i.c;  b.sc.  c.e.,  1930  (Univ. 
New  Bruns.),  p.b.n.b.  Age  28.  Experience  includes 
building  inspection,  structural  detailing,  road  construc- 
tion, and  chemical  operation.  Interested  in  sales  work 
on  the  sales  staff  of  some  manufacturing  or  wholesale 
concern.     Apply  to  Box  No.  225-W. 

REINFORCED  CONCRETE  ENGINEER,  b.hc,  p.b.q., 
eight  years  experience  in  conatruction  design  of  industrial 
buildings,  office  buildings,  apartment  houses,  etc.  Age 
30.     Married.     Apply  to  Box  No.  257-W. 

DESIGNING  DRAUGHTSMAN,  experience  in  layout 
of  steam  power  house  equipment  and  piping.  Wide 
experience  in  mechanical  drive  and  details  of  machinery, 
gearing,  and  hoists.  Accustomed  to  layout  of  small  mill 
buildings  of  steel  and  timber,  structural  design  and 
details.  Good  references.  Present  location  Montreal. 
Apply  to  Box  No.  329-W. 

ENGINEER  AND  ACCOUNTANT,  jr.E.i.c,  (Capt. 
Can.  Engrs.,  reserve).  Age  35,  Canadian.  Experienced 
in  mechanical  and  civil  engineering.  Diploma;  general 
office,  draughting  and  instrument  work ;  assistant  engineer 
erection  Royal  York  hotel;  assistant  resident  engineer 
T.  &  N.O.  Ry.  const.  Desires  position  in  Toronto 
where  combination  of  technical  and  business  experience 
will  be  of  value,  as  have  been  director  and  accountant 
last  three  years.     Apply  to  Box  No.  377-W. 

CIVIL  ENGINEER,  b.a.so.  and  c.B.;  a.m.e.i.c,  a.m. 
A.8.C.B.,  age  32,  married.  Experience  over  twelve  years 
as  assistant  and  resident  engineer  on  the  construction  of 
hydro-electric,  railway,  and  aerodrome  works.  Also 
office  and  teaching  work  on  hydraulic  designs  and 
investigations,  reinforced  concrete,  bridge  foundations 
and  caissons.  Location  immaterial.  Available  at  once. 
Apply  to  Box  No.  447-W. 

SALES  ENGINEER,  m.a.sc.  Univ  of  Toronto,  wishes  to 
represent  firm  selling  building  products  or  other  engineer- 
ing commodities,  as  their  representative  in  Western 
Canada.  Located  in  Winnipeg.  Apply  to  Box  No. 
467-W. 

MECHANICAL  ENGINEER,  B.sc.  Age  31.  Married. 
Last  ten  years  includes: — Mechanical  structural  and 
reinforced  concrete  design  in  pulp  and  paper  mills, 
industrial  plants,  hydro-electric,  mine,  sewers  and 
sewage  disposal  plant  construction.  My  experience  also 
includes  shop  production,  steam  plant  combustion,  fuel 
analysing,  inspecting,  supervising  and  instrument  work 
on  industrial  construction.  Permanent  position  pre- 
ferred     Apply  to  Box  No.  62I-W. 

CIVIL  ENGINEER,  Canadian,  married,  twenty-five 
years  technical  and  executive  experience,  specialized 
knowledge  of  industrial  housing  problems  and  the 
administration  of  industrial  towns,  also  town  planning 
and  municipal  engineering,  desires  new  connection. 
Available  on  reasonable  notice.  Personal  interview 
sought.     Apply  to  Box  No.  544-W. 

CONSTRUCTION  ENGINEER,  age  26,  unmarried, 
graduate  C.E.  Experience  includes  hydro-electric,  rail- 
road, highway,  and  industrial  plant  construction,  both 
field  and  office,  including  cost  accounting,  estimating, 
stores,  layout,  general  engineering  and  supervision,  as 
well  as  practical  work  in  mechanical  trades.  Apply  to 
Box  No.  567-W. 

MECHANICAL  ENGINEER,  a.m.e.i.c.  Experienced 
on  plant  maintenance,  steel  plant,  cement  plant  and 
mining  plants.  Available  on  short  notice.  Apply  to 
Box  No.  571-W. 

DOMINION  LAND  SURVEYOR,  and  graduate  engineer 
with  extensive  experience  on  legal,  topographic  and 
plane-table  surveys  and  field  and  office  use  of  aero- 
photographs,  desires  employment  either  in  Canada  or 
abroad.    Available  at  once.    Apply  to  Box  No.  589-W 

DESIGNING  ENGINEER  AND  ESTIMATOR,  grad. 
Univ.  of  Toronto  in  C.E.,  a.m.e.i.c,  twenty  years 
experience  in  structural  steel,  construction  and  munic- 
ipal work.  Available  at  once.  Apply  to  Box  No. 
613-W. 

ELECTRICAL  ENGINEER,  McGill  '31,  desires  per- 
manent position  in  engineering  field.  Experience  in- 
cludes draughting,  designing  and  testing  of  induction 
motors,  radio  supervision  and  test,  and  some  construc- 
tion.   Available  immediately.    Apply  to  Box  No.  626-W. 

CIVIL  ENGINEER,  a.m.e.i.c,  b.p.e.,  Ontario;  three 
years  construction  engineer  on  industrial  plants ;  fourteen 
years  in  charge  of  construction  of  hydraulic  power 
developments,  tower  lines,  sub-stations,  etc.;  four 
years  as  executive  in  charge  of  construction  and  develop- 
ment of  harbours,  including  railways,  docks,  warehouses, 
bgrdraulio  dredging,  land  reclamation,  etc.  Apply  to 
Box  No.  647-W. 


Situations  Wanted 

ELECTRICAL  ENGINEER,  b.sc.  in  E.E  (Univ.  of 
Man.,  '30).  Age  25.  Two  year  Can.  Westinghouse 
Apprentice  Course.  Depts.-— Switchboard  assembly, 
general  draughting  office,  switchboard  engineering, 
test  office.  One  year's  experience  since  then  designing 
and  rewinding  small  motors  and  transformers.  Loca- 
tion immaterial.     Apply  to  Box.  No.  661-W. 

ELECTRICAL  ENGINEER,  Univ.  Grad.  1928.  Two 
years  Students'  apprenticeship  at  Can.  Westinghouse 
Co.,  including  test  and  electrical  machine  design.  Also 
about  two  years  experience  in  operating  dept.  of  large 
electrical  power  organization.  Available  on  short 
notice.    Apply  to  Box  No.  660  W. 

ELECTRICAL  AND  RADIO  ENGINEER,  b  so.  '30. 
Variously  engaged  on  receiver  development  work,  test- 
ing, and  transformer  development,  under  direction. 
More  recent  experience  includes  transmitter  test  room 
procedure  and  short  wave  beam  transmission  engineer 
ing.    For  further  information  apply  to  Box  No.  680-W. 

DIESEL  ENGINEER.  Erection  and  industrial  engineer, 
A.M.E.I.C,  technically  trained  mechanical  engineer 
with  English  and  Canadian  experience  in  erection  and 
operation  of  steam  and  Diesel  equipment  in  power 
house  and  mines,  pumping,  rock  drilling,  air  com- 
pressors. Experienced  in  industrial  and  steel  works 
operations  including  rolling  mills,  quarries,  sales.  Open 
for  position  on  maintenance,  operation  or  sales  engineer. 
Location  immaterial.     Apply  to  Box  No.  682-W. 


Employment  Service  Bureau 

This  bureau  is  maintained  by  The  Engineering 
Institute  of  Canada  for  the  benefit  of  members 
and  organizations  employing  technically  trained 
men. 

An  enquiry  addressed  to  2050  Mansfield  Street, 
Montreal,  will  bring  full  information  concerning 
the  services  offered.  Details  can  also  be  obtained 
from  Branch  secretaries  who  are  located  in  the 
larger  centres  throughout  Canada. 

Brief  announcements  of  men  available  and  po- 
sitions vacant  will  be  published  without  charge 
in  The  Engineering  Journal  and  the  Bulletin. 
Replies  addressed  in  care  of  the  required  box  num- 
ber will  be  forwarded  to  the  advertiser  without 
delay. 

An  additional  service  also  offered  those  who  are 
unemployed  or  wish  to  change  their  positions,  is 
the  opportunity  of  placing  their  names  and  records 
on  file  at  2050  Mansfield  Street  for  consideration 
by  employers  wishing  to  employ  engineers.  This 
is  of  great  assistance  as  many  employers  will  net 
advertise  or  wish  to  locate  a  suitable  man  on  short 
notice.  If  desired  the  information  contained  in 
these  records  can  be  kept  confidential. 

Forms  for  registration  purposes  may  be  obtained 
from  The  Institute  Headquarters  of  Branch  sec- 
retaries. 


MECHANICAL  AND  S-TRUCTURAL  ENGINEER 
Six  years  experience  with  prominent  manufacturer, 
designing,  heating  and  power  boilers,  boiler  installations, 
coal  and  ash  handling  equipment.  Good  practical  knowl- 
edge of  steel  plate  work  welding.  Also  wide  experience 
in  designing,  estimating  and  detailing  structural  steel 
for  buildings  and  bridges.  Good  education.  Have  held 
position  of  responsibility.  Above  can  be  verified  by 
best  of  references.  Available  at  once.  Apply  to  Box 
No.  692-W. 

ELECTRICAL  AND  CIVIL  ENGINEER,  b.sc,  Elec, 
'29,  B.sc,  Civil  '33.  Age  27.  jr.B.i.c  Undergraduate 
experience  in  surveying  and  concrete  foundations;  also 
four  months  with  Canadian  General  Electric  Co.  Thirty- 
three  months  in  engineering  office  of  a  large  electrical 
manufacturing  company  since  graduation.  Good 
experience  in  layouts,  switching  diagrams,  specifica- 
tions and  pricing.  Best  of  references.  Available  im- 
mediately.    Apply  to  Box  No.  693-W. 

MECHANICAL  ENGINEER,  b.sc,  '27,  jr.E.i.c  Four 
years  maintenance  of  high  speed  Diesel  engines  units, 
200  to  1,300  h.p.  Also  maintenance  of  D.C.  and  A.C. 
electrical  systems  and  machinery.  Draughting  expe- 
rience. Westinghouse  apprenticeship  course.  Practical 
mechanical  and  electrical  engineer  with  a  special  study 
of  high  speed  Diesel  engine  design,  application  and 
operation.  Location  in  western  or  eastern  Canada 
immaterial.     Apply  to  Box  No.  703-W. 


Situations  Wanted 

COMBUSTION  ENGINEER,  r.p.b.,  Manitoba. 
A.M.E.I.C  Wide  experience  with  all  classes  of  fuels. 
Expert  designer  and  draughtsman  on  modern  steam 
power  plants.  Experienced  in  publicity  work.  Well 
known  throughout  the  west.  Location,  Winnipeg  or 
the  west.   Available  at  once.   Apply  to  Box  No.  713-W. 

ELECTRICAL  ENGINEER,  B.sc,  University  of  N.B.. 
'31.  Experience  includes  three  months  field  work  with 
Saint  John  Harbour  Reconstruction.  Apply  to  Box  No 
722-W. 

MECHANICAL  ENGINEER,  age  41,  married.  Eleven 
years  designing  experience  with  project  of  outstanding 
magnitude.  Machinery  layouts,  checking,  estimating 
and  inspecting.  Twelve  years  previous  engineering, 
including  draughting,  machine  shop  and  two  years 
chemical  laboratory.  Highest  references.  Apply  to 
Box  No.  723-W. 


CIVIL  ENGINEER,  b.sc.  (Alta.  '31),  b.b.i.c  Experience 
Includes  three  seasons  in  charge  of  survey  party.  Tran- 
sitman  on  railway  maintenance,  and  concrete  bridge 
designing.  Nature  of  work  and  location  Immaterial. 
Apply  to  Box  No.  724-W. 


YOUNG  CIVIL  ENGINEER,  b.sc.  (Univ.  of  N.B.  lil). 
with  experience  as  rodman  and  checker  on  railr'"ad 
construction,  is  open  for  a  position.  Apply  to  Box  No. 
728-W. 

DESIGNING  ENGINEER,  m.so.  (McGill  Univ.),  d  l.s., 
A.M.E.I.C,  P.B.Q.  Experience  in  design  and  construction 
of  water  power  plants,  transmission  lines,  field  in- 
vestigations of  storage,  hydraulic  calculations  and 
reports.  Also  paper  mill  construction,  railways,  high- 
ways, and  in  design  and  construction  of  bridges  and 
buildings.  Availaljle  at  once.  Apply  to  Box.  No. 
739-W. 

MECHANICAL  ENGINEER,  s.b.i.c,  b.a.bc,  Univ. 
of  B.C.  '30.  Single,  age  24.  Sixteen  months  with  the 
Allis-Chalmers  Mfg.  Co.  as  student  engineer.  Ex- 
perience includes  foundry  production,  erection  and 
operation  of  steam  turbines,  erection  of  hydraulic  ma- 
chinery, and  testing  texropes  and  centrifugal  pump-i. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  735-W. 

RADIO  AND  ELECTRICAL  ENGINEER,  b.sc.  '31, 
S.B.I.C  Age  27.  Experience  in  installation  of  power 
and  lighting  equipment.  Temporary  operator  in  radio 
station;  studio  experience  with  part  time  announcing. 
Two  summers  in  switchboard  and  installation  depart- 
ment of  telephone  company,  eight  months  on  extensive 
survey  layoiits.  Interested  in  sales  work  of  electrical 
or  radio  equipment.  Available  on  short  notice.  Location 
immaterial.     Apply  to  Box  No.  740-W. 

CIVIL  ENGINEER,  b.sc.  '29,  a.m.e.i.c  Married.  One 
year  building  construction.  One  year  hydro-electric 
construction  in  South  America,  eighteen  months  resident 
engineer  on  highway  construction,  one  year  on  harbour 
design  and  construction.  Working  knowledge  of 
Spanish.     Apply  to  Box  No.  744-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc.  Queen's  Univ.  '29. 
Age  25.  Married.  Three  years  experience  as  con- 
struction supt.  and  estimator  for  contracting  firm. 
Experience  includes  general  building,  bridges,  sewer 
work,  concrete,  boiler  settings,  sand  blasting  of  bridges 
and  spray  painting.  Available  at  once.  Apply  to  Box 
No.  776-W. 

CIVIL  ENGINEER,  b.bc,  '25,  jr.E.i.c,  p.b.q.,  married. 
Desires  position,  preferably  with  construction  firm. 
Experience  includes  railway,  monument  and  mill 
building  construction.  Available  immediately.  Apply 
to  Box  No.  780-W. 

DRAUGHTSMAN,  experience  in  civil  engineering, 
forestry  engineering,  land  surveying  and  house  con- 
struction.   Good  references.    Apply  to  Box  No.  781-W. 

ELECTRICAL  AND  SALES  ENGINEER,  s.e.i.c.  grad. 
'28.  Experience  includes  one  year  test  course,  one  year 
switchboard  design  and  two  years  switchboard  and 
switching  equipment  sales  with  large  electrical  manufac- 
turing company.  Tiiree  summers  Pilot  Officer  with 
R  C.A.F.   Available  at  once.   Apply  to  Box  No.  788-W. 

PLANT  ENGINEER  or  SUPERINTENDENT,  capable 
of  supervising  all  phases  of  industrial  plant  operation, 
graduate  electrical,  eleven  years  diversified  industrial 
experience  including  test  course,  four  years  on  large 
Quebec  industrial  development,  on  construction  and 
operation,  also  six  years  with  prominent  consulting  firm 
supervising  electrical  and  mechanical  engineering 
projects.    Age  31,  single.     Apply  to  Box  No.  795-W. 


CIVIL  ENGINEER,  b.e.i.c.  graduate  '30,  age  23.  single. 
Experience  includes  mining  surveys,  assistant  on  high- 
way location  and  construction,  and  assistant  on  large 
construction  work.  Steel  and  concret«  layout  and 
design.     Apply  to  Box  No.  809-W. 
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Situations  Wanted 

CIVIL  ENGINEER,  b.e.  (Sask  Univ.  'Sa).  s.e.i.c. 
Single.  Experience  in  city  street  improvement;  sewer 
and  water  extensions.  Good  draughtsman.  References. 
Available  at  once.  Location  immaterial.  Apply  to  Box 
No.  818-W 

CIVIL  ENGINEER,  b.a.sc,  d.l.s.,  o.l.s.,  a.m.e.i.c, 
age  46,  married.  Twelve  years  experience  in  charge  of 
legal  field  surveys.  Owns  own  surveying  equipment. 
Eight  years  on  technical,  administrative,  and  editorial 
office  work.  Experienced  in  writing.  Desires  position 
on  survey  work,  assisting  in  or  in  charge  of  preparation 
of  house  organ,  on  staff  of  technical  or  semi-technical 
magazine,  or  on  publicity,  editorial  or  administrative 
office  work.  Available  at  once.  Will  consider  any  salary, 
and  any  location.     Apply  to  Box  No    831-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc.  '32  (Univ.  of  N.B.). 
Age  25.  Married.  Two  years  experience  in  power  line 
construction  and  maintenance;  one  year  of  highway 
construction;  one  summer  surveying  for  power  plant 
site,  location  and  spur  railway  line  construction.  Avail- 
able at  once.  Location  immaterial.  Apply  to  Box 
No   840-W. 

CIVIL  ENGINEER,  b.sc.  *15.  a.m.e.i.c,  married,  exten- 
sive experience  in  responsible  position  on  railway  con- 
struction, also  highways,  bridges  and  water  supplies 
Position  desired  as  engineer  or  superintendent.  Avail- 
able at  once      Apply  to  Box  No.  841-W. 

STRUCTURAL  ENGINEER,  b.a.sc,  a.m.e.i.c  Twenty- 
two  years  expe.ience  in  design  of  bridges  and  all  types 
of  building  in  structural  steel  and  reinforced  concrete. 
Thiee  years  experience  in  railway  construction  and 
land  surveying.     Apply  to  Box  No.  856-W. 

MECHANICAL  ENGINEER,  b.sc.  '32.  s.e.i.c  Good 
draughtsman.  Undergraduate  experience: — One  year 
moulding  shop  practice;  two  years  pipe  fitting  and  sheet 
metal  work;  one  year  draughting  and  tracing  on  paper 
mill  layout:  six  months  machine  shop  practice;  and 
eight  months  fuel  investigation  and  power  heating 
plant  testing.  Desires  position  offering  experience  in 
steam  power  plants  or  heating  and  ventilating  design. 
Will  go  anywhere.     Apply  to  Box  No.  858-W. 

MECHANICAL  ENGINEER,  age  31,  graduate  Sheffield 
(England)  1921;  apprenticeship  with  firm  manufacturing 
steam  turbine  generators  and  auxiliaries  and  subsequent 
experience  in  design,  erection,  operation  and  inspection 
of  same  Marine  experience  b  o  T.  certificate  thoroughly 
conversant  with  Canadian  plants  and  equipment.  Avail- 
able on  short  notice.     Any  location.     Box  No.  860-W 

CHEMICAL  ENGINEER,  b.sc.  (McGill  '21),  a.m.e.i.c, 
age  30,  married;  three  years  since  graduation  with  pulp 
and  paper  mills;  eight  years  in  shops,  estimating  and 
sales  divisions  of  well-known  gas  engineering  and  con- 
struction companies  in  the  United  States.  Excellent 
references.  Available  on  short  notice.  Apply  to  Box 
No.  866-W. 

CONSTRUCTION  ENGINEER  (Toronto  Univ.  of  '07) 
Experience  includes  hydro-electric,  municipal  and  rail- 
road work.  Available  immediately.  Location  imma- 
terial.    Apply  to  Box.  No.  886-W. 

ELECTRICAL  ENGINEER,  graauate  1929,  s.e.i.c 
Single  Experience  includes  two  years  with  electrical 
manufacturing  concern  and  one  on  highway  construction 
work.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  887-W 

AGENCIES  WANTED  Young  engineer,  b.a.sc.  in  c.e., 
with  business  and  sales  experience,  speaking  fluent 
French,  would  consider  representing  a  firm  as  agent 
for  Montreal  or  the  province  of  Quebec  Apply  to  Box 
No.  891-W. 

ELECTRICAL  ENGINEER,  grad  Univ.  of  N.B.  '31. 
Experienced  in  surveying  and  draughting,  requires 
position.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  893-W. 

CIVIL  ENGINEER,  b.a.  c,  jr  e.i.c,  age  29,  single. 
Experience  includes  two  years  in  pulp  mill  as  draughts- 
man and  designer  on  additions,  maintenance  and  plant 
layout.  Three  and  a  half  years  in  the  Toronto  Buildings 
Department  checking  steel,  reinforced  concrete,  and 
architectural  plans.  Available  at  once.  Location  im- 
material. At  present  in  Toronto.  Apply  to  Box  No. 
899- W. 

DESIGNING  ENGINEER,  a  m.e.i.c  Permanent  and 
executive  position  preferred  but  not  essential.  Fifteen 
years  experience  in  designing  power  plants,  engine 
and  fan  rooms,  kitchens  and  laundries.  Thoroughly 
familiar  with  plumbing  and  ventilating  work,  pneu- 
matic tubes,  and  refrigeration,  also  heating,  electrical 
work,  and  specifications.    Apply   to  Box   No.   913-W. 


Situations  Wanted 

CIVIL  ENGINEER,  b.sc.,  o.p.b.  Experience  includes 
several  years  on  municipal  work-design  and  construction 
of  sewers,  steel  and  concrete  bridges,  watermains  and 
pavements.  Available  at  once.  Apply  to  Box  No. 
950-W. 

CIVIL  ENGINEER,  B.sc.  (Univ.  of  Sask.  '33),  b.e.i.c. 
age  28,  single.  Experience  in  testing  hydro-electric 
equipment,  draughting,  surveying,  city  street  improve- 
ments, technical  photography.  Available  at  once.  Lo- 
cation immaterial.     Apply  to  Box  No.  986-W. 

ELECTRICAL  ENGINEER,  s.e.i.c,  b.sc.,  (N.S.  Tech. 
Coll.,  '33),  desires  work.  Experience  in  transmission  line 
construction.  Location  or  class  of  work  immaterial. 
Apply  to  Box  No.  1010-W. 

ENGINEER  SUPERINTENDENT,  age  44.  Engineering 
and  business  training,  executive  ability,  tactful,  ener- 
getic. Had  charge  of  several  large  projects.  Intimate 
knowledge  of  costs  and  prices,  reports  and  estimates. 
Available  immediately.  Any  location.  Apply  to  Box 
No.  1021-W. 

CIVIL  ENGINEER,  b.so.  (Queen's,  '14),  a.m.e.i.c.  Do- 
minion Land  Surveyor,  6  months  special  course  at  the 
University  of  London,  England,  in  municipal  hygiene 
and  reinforced  concrete  construction.  Experience 
covers  legal  and  topographic  surveys,  plane  tabling  and 
stadia  surveying,  railway  and  highway  construction, 
drainage  and  excavation  work.  Available  at  once 
Apply  to  Box  No.  1035-W. 

ELECTRICAL    ENGINEER    AND    GEOPHYSICIST. 

Age  36.  Married.  Seven  years  experience  in  geophysi- 
cal exploration  using  seismic,  magnetic  and  electrical 
methods.  Two  years  experience  with  the  Western 
Electric  Company  of  Chicago,  working  on  equipment 
and  magnetic  materials  research.  Experienced  in  radio 
and  telephone  work,  also  specializing  in  precise  electrical 
measurements,  resistance  determinations,  ground  po- 
tentials and  similar  problems  of  ground  current  dis- 
tribution.    Apply  to  Box  No.  1063-W 

ELECTRICAL  ENGINEER,  b.a.sc.  Univ  Toronto  '28. 
Experience  includes  Can.  Gen.  Eleo.  Co.  Test  Course. 
Also  more  than  two  years  in  the  engineering  dept.  of 
the  same  company.  Available  on  short  notice.  Pre- 
ferred location  central  or  eastern  Canada.  Apply  to 
Box  No.  1075-W. 

ELECTRICAL  ENGINEER,  b.sc.  Married.  Eight 
years  electrical  experience,  including  oppration,  main- 
tenance and  construction  work,  electrical  design  work 
on  large  power  development,  mechanical  ability,  ex- 
perienced photographer,  employed  in  electrical  capacity 
at  present.  Available  on  reasonable  notice.  Apply  to 
Box  No.  1076-W. 

GRADUATE  IN  MECHANICAL  ENGINEERING, 
1927,  desires  opportunity  in  Diesel  engine  field,  pre- 
ferably in  design  and  development  work.  Skilled 
draughtsman  and  clever  in  design.  Familiar  with  basic 
theories  of  the  Diesel  engine  and  in  touch  with  recent 
developments  and  applications.  Anxious  to  obtain  a 
foothold  with  up-to-date  company  No  objection  to 
shnpwork  or  other  duties  as  a  start  but  would  profer 
shopwork  and  assembly  if  possible.  Apply  to  Box  No. 
1081-W. 

CIVIL  ENGINEER,  b  sc,  Sask.  '30.  s.e.i.c  Age  24 
years.  Experience  in  municipal  engineering,  including 
sewer  and  water  construction,  sidewalk  construction, 
paving,  storm  sewer  design,  draughting,  precise  levelling, 
and  reinforced  concrete  bridge  construction.  Unmar- 
ried. Available  at  once.  Will  go  anywhere  Apply  to 
Box  No.  1115-W. 

ELECTRICAL  ENGINEER,  b.sc.b.e.  (Univ.  of  N.B. 
'31).  C.G.E.  Test  Course  included  industrial  control, 
induction  motors  and  transformers;  the  transformer 
test  included  desk  work  for  two  months  on  computing 
losses,  efficiencies,  etc.  Available  at  once.  Apply  to 
Box  No.  1119-W. 

MECHANICAL  ENGINEER,  B.A.SC  (Univ.  of  B.C.  '29); 
M.S.  Age  27.  Single.  Four  years  experience  in  research 
work  in  applied  mechanics  and  materials  testing.  Desires 
position  involving  analytical  work  in  design,  develop- 
ment or  testing.  Available  on  short  notice.  Apply  to 
Box  No.  1123-W. 

GEODETIC  AND  TOPOGRAPHICAL  ENGINEER, 
D.L.S  ,  M.e.i.c.  Experience  in  all  kinds  of  geodetic  and 
topographical  surveys,  especially  photo-topography, 
well  versed  in  all  kinds  of  air  photo  surveys;  Canadian 
and  U.S.  patent  method  of  determining  position  and 
elevations  of  points  from  air  photographs.  Available 
at  once  anywhere  in  Canada  or  the  United  States. 
Apply  to  Box.  No.  1127-W 


Situations  Wanted 

PETROLEUM  CHEMIST,  b.sc  in  Chem.  Eng.  Age  25. 
Single.  One  and  a  half  years  experience  as  assistant 
chemist.  Capable  of  taking  charge  in  small  refinery. 
Wishes  position  anywhere  in  Canada.  Apply  to  Box 
No.  1130-W. 

ELECTRICAL  ENGINEER,  b.sc,  Queen's  '33  Single, 
age  23.  Anxious  to  gain  experience.  Present  ex- 
perience installing  small  private  hydro-electric  plant. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  1137-W. 

CIVIL  ENGINEER,  a.m.e.i.c,  with  over  twenty  years 
experience  in  field  and  office  on  construction,  main- 
tenance, surveying,  location,  etc.,  desires  position  pre- 
ferably of  a  permanent  nature.  At  present  near  Mont- 
real, but  willing  to  locate  anywhere.  Apply  to  Box 
No.  1168-W. 

CIVIL  ENGINEER,  b.a.sc,  s.e.i.c,  age  26,  single. 
Experience  Includes  one  year  in  bridge  construction, 
plain  and  reinforced  concrete,  pneumatic  caissons  and 
surveying.  Available  at  once.  Any  location.  Apply  to 
Box  No.  1204-W. 

PHYSICIST  ENGINEER,  B.So.Mech.  (Queen's  1913), 
M.Sc,  Ph.D.Physics  (McGill  1929,  '30).  Experience  in 
municipal  engineering,  producer  gas  installation  and 
operation,  university  plant  maintenance.  Experienced 
teacher  of  college  physics.  Industrial  and  pure  physical 
research  experience.  Age  42.  Married.  Apply  to  Box 
No.  1207-W. 

MECHANICAL  ENGINEER,  b.bc  (Queen's  Univ.  '28), 
age  36,  married,  desires  position  of  trust  and  responsi- 
bility. Experience  includes  fitting  and  assembly  of 
machine  tools,  production,  draughting,  and  maintenance. 
Five  years  teaching  draughting  and  mathematics.  Avail- 
able on  reasonable  notice.  Location  immaterial.  Apply 
to  Box  No.  1210-W. 

CIVIL  ENGINEER,  b.a.,  b.a.sc,  s.e.i.c,  Canadian,  age 
27,  single.  Experience  includes  eighteen  months  in 
general  building  construction.  Write  and  speak  both 
French  and  English  fluently.  Available  at  once  for  any 
suitable  position  in  general  engineering.  Apply  to  Box 
No.  1211  W. 

CIVIL  ENGINEER,  b  sc.  '34  (Univ.  of  N.B.),  age  24. 
Experience  includes  construction  and  highway  engi- 
neering. Desires  position  with  contracting  or  manufac- 
turing firm.  Interested  in  design.  References.  Will 
consider    any    location.      Apply    to    Box    No.    1214-W. 

COMBUSTION  ENGINEER,  a.m.e.i.c,  with  extensive 
experience  In  all  phases  of  combustion  engineering, 
Including  plant  layout,  piping,  etc.  Lately  connected 
with  prominent  firm  of  automatic  oil  burner  manufac- 
turers.   Apply  to  Box  No.  1224-W. 

ENGINEER,  with  twenty  years  experience  in  industrial, 
pulp  and  paper  mill,  and  general  engineering  and  design. 
Age  41.  Last  five  years  chief  engineer  of  paper  mill  mak- 
ing newsprint  specialties  and  toilet  and  tissues.  Apply 
to  Box  No.  1246-W. 

CIVIL  ENGINEER,  b.sc.  '29,  jr.E.i.c,  age  29,  single. 
Experience  in  all  types  of  surveying  including  use  of 
aerial  photographs.  Three  years  on  hydro-olectric 
power  development  in  field  and  office.  Instrumentman 
on  concrete  road  construction.  Location  immaterial. 
Apply  to  Box  No.  1254-W. 

CIVIL  ENGINEER,  Univ.  Toronto  '33,  age  24,  married. 
One  year  as  instrumentman  with  provincial  department 
of  highways.  Experience  In  concrete  and  retread  con- 
struction grading,  culverts,  etc.  Also  draughting, 
estimating  and  general  office  practice.  Apply  to  Box 
No    1265-W. 

MECHANICAL  ENGINEER,  b.sc  (Queen's  Univ.  '29) 
Age  28.  Six  years  experience  In  automobile  office  and 
plant;  two  years  as  supervisor  of  inspection  in  body 
assembly.  Good  understanding  of  modern  business 
methods  applied  to  manufacturing.  Desires  position 
with  production  department  of  smaller  Ontario  industry. 
Good  references.  Interviews  anywhere  in  central  Ontario. 
Apply  to  Box  No.  1270-W. 

ELECTRICAL  GRADUATE,  s.e.i.c,  b.sc  '32  m  sc.  '34. 
Experience  includes  four  years  as  part  time  operator 
and  announcer  for  a  radio  broadcast  station  At  present 
employed  In  radio  repair  dept.  of  a  large  wholesale  firm. 
Apply  to  Box  No.  1283-W. 


Standards  of  Engineering  Education 

An  Engineers'  Council  for  Professional  Development  has  recently 
been  formed  in  the  United  States  for  the  purpose  of  preparing  a  list 
of  "accredited  colleges,"  whose  curricula  in  engineering  subjects  is 
considered  worthy  of  recognition.  The  participating  institutions  are 
the  American  Society  of  Civil  Engineers,  the  American  Institute  of 
Mining  and  Metallurgical  Engineers,  the  American  Society  of  Mechan- 
ical Engineers,  the  American  Institute  of  Electrical  Engineers,  the 
Society  for  the  Promotion  of  Engineering  Education  and  the  National 
Council  of  State  Boards  of  Engineering  Examiners.  Six  major  curricula, 
viz.,  chemical,  civil,  electrical,  mechanical,  metallurgical  and  mining 
engineering  will  be  recognized  nnd,  though  these  may  be  either  of 
undergraduate  or  graduate  standard,  the  former  must  lead  to  degrees. 
In  determining  the  suitability  of  an  institution  for  recognition,  the 
qualifications  of  its  staff  and  the  standard  of  its  instruction,  both  in 


engineering  and  cognate  subjects,  will  be  considered,  together  with 
the  records  of  past  students,  conditions  of  admission,  degrees  offered, 
size  and  finance.  A  necessary  preliminary  will  be  a  visit  of  inspection 
by  a  joint  committee  of  teachers  and  engineers.  Such  visits,  as  a 
first  step  towards  accrediting,  will  only  be  taken  on  the  invitation 
of  the  educational  institution  concerned.  In  this  connection,  it  is 
pointed  out  that  the  Engineers'  Council  for  Professional  Development 
is  merely  authorized  by  its  constituent  organization  to  publish  a  list 
of  accredited  colleges.  It  has  no  authority  to  impose  any  restrictions 
upon  the  colleges,  nor  does  it  desire  to  do  so.  On  the  contrary,  it 
aims  at  preserving  the  independence  of  action  of  individual  institutions 
and  thus  promoting  the  general  advancement  of  engineering.  It  will, 
however,  have  the  advantage  of  substituting  a  single  accrediting  body 
for  the  uncoordinated  methods  of  the  past.  Mr.  G.  T.  Seabury  is 
the  Secretary  of  the  Council,  the  offices  being  at  29,  West  Thirty- 
Ninth  street,  New  York. — Engineering. 
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Common-Frequency  Radio  Broadcasting 

C.  B.  Fisher,  S.E.I.C, 
Northern  Electric  Company  Limited,  Montreal. 

Paper  presented  before  the  Montreal  Branch  of  The  Engineering  Institute  of  Canada,  March  8th.  1934. 

SUMMARY. — In  the  following  paper  the  general  problems  of  common -frequency  radio  broadcasting  are  first  discussed,  the  material  being  mainly 
compiled  from  papers  previously  published  in  the  technical  press.  The  problems  include  a  study  of  the  degree  of  synchronization  required,  the  relative 
carrier  field  strength  ratios  desired  in  the  service  areas,  the  effects  of  noise  and  detector  action  and  calculations  on  the  Increased  service  areas  to  be  expected. 

There  follows  a  description  of  two  methods  of  securing  synchronization:  radio -frequency  monitoring  method,  and  electric  control  over  wire  lines 
between  the  stations.     Commercial  types  of  apparatus  are  briefly  discussed,  and  the  results  of  field  tests  given. 


Common-frequency  radio  broadcasting,  or  less  accu- 
rately, synchronized  broadcasting,  is  a  phrase  used  to  describe 
a  radio  transmission  system  whereby  two  or  more  radio 
transmitters  operate  with  the  same  carrier  frequency.  In 
an  older  parlance,  the  stations  have  the  same  wavelength. 
In  this  definition  the  quite  common  situation  is  not 
discussed  where  two  stations  operate  on  the  same  fre- 
quency, but  are  so  widely  separated  geographically  that 
neither  one  lays  doT\Ti  an  appreciable  signal  strength  in- 
side the  territory  covered  by  the  other  station. 

Consider  primarily  the  conditions  existing  when  two 
or  more  stations  operate  on  the  same  frequency,  and 
radiate  sufficient  power,  or  are  so  closely  spaced,  that 
their  areas  of  appreciable  field  strength  overlap  to  some 
extent,  or  at  least  the  "nuisance  area"  of  one  station 
overlaps  the  "service  area"  of  the  other.  These  terms  are 
self-explanatory.  To  one  not  previously  acquainted  with 
the  subject,  it  is  not  at  once  clear  just  what  problems  will 
be  involved.  It  may  safely  be  concluded,  however,  that 
some  or  all  of  the  following  questions  will  have  to  be 
answered : — 

A.  When  the  two  stations  are  on  the  same  frequency, 
how  closely  will  this  condition  have  to  be  met  ? 
Will  not  the  allowable  difference  in  frequency 
depend  on  relative  carrier  strengths  of  the  two 
stations,  relative  depths  of  modulation,  whether 
the  stations  are  carrying  the  same,  or  different, 
programmes  ?  Will  not  the  type  of  receiver  used, 
and  particularly  the  demodulation  or  detection 
device  be  important  ? 

B.  If  some  law  of  radio  wave  propagation  is  assumed, 
what  is  the  normal  service  area  of  two  stations,  not 
synchronized  ?  How  much  will  this  service  area 
be  increased  by  synchronization  ? 

It  seems  fairly  clear  that  one  may  also  want  to  look 
into  the  economic  questions,  glance  at  some  existing 
installations,  and  finally  consider  what  results  have  been 
achieved  in  field  trials. 

Purpose  of  Synchronization 

Now  to  retrace  our  steps  a  short  way,  and  consider, 
as  the  Marx  Brothers  would  say,  "Why  is  a  synchronized 
station?"  The  answer  is  at  once:  there  are  not  sufficient 
frequency  channels  available  in  the  broadcast  band.  Table 
I  shows  the  situation  clearly. 


Table  I 
Division  of  Radio  Broadcast  Spectrum  in  North  America 


No.  of 
Existing 
Stations 

No.  of 

Clear 

Channels 

No.  of 

Shared 

Channels 

Total 
Number 

of 
Channels 

Canada 

United  States 

Mexico 

70 

422 

62 

56 

9 

20 

0 

0 

27 
45 
48 
40 

36 
65 

48 

Cuba 

40 

Totals 

610 

29 

68* 

97 

Canadian  clear  channels:  540,  690,  730,  840,  910,  960,  1030,  1050 
and  1100  kilocycles. 

*Total  number  of  shared  channels  equals  total  number  of  channels 
less  total  number  of  clear  channels. 

At  the  present  time  the  broadcast  band  in  North 
America  extends  from  540  kc.  to  1500  kc,  inclusive. 
Channels  are  10  kc.  wide,  so  that  there  are  available 
ninety-seven  different  carrier  frequencies.  After  the  radio 
conference  at  Mexico  City  in  July  and  August  of  1933, 
these  channels  were  allotted  as  shown,  and  Canada  secured 
nine  clear  channels  and  twenty-seven  shared  channels, 
these  to  be  divided  among  seventy  stations.  This  situa- 
tion means  that  many  frequencies  must  be  shared  between 
two  or  more  stations.  With  wide  separation,  or  low  power, 
little  interference  results.  In  some  cases,  however,  it  is 
highly  desirable  to  operate  additional  stations  within  a 
given  area,  in  order  to  give  good  service  to  the  listening 
public,  and  it  is  here  that  synchronized  broadcasting  may 
prove  of  great  value. 

A  second  place  where  synchronization  shows  advan- 
tages is  in  the  satellite  system.  Consider  a  hypothetical 
transmitter  located  say  in  Montreal,  which  gives  good 
signal  strengths  about  and  beyond  Sherbrooke,  some  80 
miles  distant,  but  which  fails  to  deliver  a  satisfactory 
signal  in  the  town  itself,  due  to  local  electrical  interference. 
A  low-power  transmitter  might  then  be  installed  in  Sher- 
brooke, designed  to  cover  the  town  only,  and  it  would 
he  advantageous  to  synchronize  the  Sherbrooke  and 
Montreal  transmitters. 

There  is  also  another  aspect  of  synchronization.  In 
the  example  given  above,  it  would  not  have  been  economical 
to  increase  the  power  of  the  Montreal  transmitter  merely 
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to  increase  the  signal  strength  at  Sherbrooke.  There  might 
also  be  the  case  where  it  might  be  economical  to  increase 
the  main  transmitter  power,  but  in  doing  this,  so  high  a 
signal  strength  would  be  delivered  to  nearby  areas,  that 
the  local  receivers  would  be  unable  to  receive  anything 
except  the  local  station,  and  also  the  nuisance  area  of  the 
station  on  the  outskirts  of  its  service  area  would  be  in- 
creased beyond  the  tolerable  limits.  Again  synchroniza- 
tion might  prove  of  value. 
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Fig.  1 — Relative  Density  of  Population  in  Canada. 

In  Canada  common-frequency  broadcasting  is  of 
especial  interest.  There  is  a  large  area  to  be  covered,  with 
a  comparatively  small  population,  which  means  many 
stations,  but  few  channels.  Moreover,  the  population  is 
settled  in  fairly  concentrated  areas  separated  by  con- 
siderable distances.  It  will  be  seen  that  this  situation 
lends  itself  admirably  to  synchronization.  There  is  given 
in  Fig.  1  a  map  of  Canada  with  density  of  population 
shown,  which  shows  clearly  the  extent  of  this  concentra- 
tion of  population.  And  last,  and  most  important,  radio 
broadcasting  is  under  a  unified  control,  an  absolute  necessity 
where  extensive  synchronized  systems  are  to  be  intelligently 
planned.  This  principle  may  thus  become  one  of  the  most 
important  factors  in  Canadian  radio  development. 

Reception  of  Synchronized  Stations 
Now  to  attack  the  technical  phases  of  the  problem  by 
considering  the  reception  of  two  synchronized  stations  in 
detail.  First  consider  the  case  in  which  the  stations  carry 
the  same  programme,  and  the  difference  of  frequency  of 
the  carriers  is  of  the  order  of  a  few  cycles  per  second. 
Waves  from  both  stations  are  amplified  by  the  high- 
frequency  stages  of  the  receiver,  and  reach  the  detector, 
where  a  number  of  spurious  frequencies  are  generated. 
Table  II  shows  these  in  detail. 

Table  II 

Detection  or  Two  Modulated  Waves 

Audio-frequency  components  for  waves  of  carrier  frequency- 
difference  AP,  carrier  amplitude  ratio  K,  depth  of  modulation  of  each 
wave  M,  frequency  of  modulation  Q  for  each  wave,  waves  modulated 
in  phase,  square-law  detector. 


• 

Relative  Amplitude 

Frequency  of 
Component 

M,  K. 

M  =  1.0 
A'  =  1 .0 

1.00 

0.75 

O.-'SO 
0..50 

0.25 

0.125 
0.125 

Description 

Q 

AP 

Q+AP 

Q  -  AP 

2C> 

2  Q  -1-  AP 
2  Q  -  AP 

1  +  K^ 
K. 

1/4  MX 

1/4  MK 

Desired  Fre(|uency. 

Beat  Frequency. 

Desired  Frequency  +  Beat. 
Desired  Frequency  —  Beat. 

2nd  Harmonic. 

2nd  Harmonic  -|-  Beat. 
2nd  Harmonic  —  Beat. 

There  is  first  shown  th(>  amplitude  of  the  various 
components  as  a  function  of  the  depth  of  modulation,  M, 
and  of  the  ratio  of  the  carrier  amplitudes,  K.  These 
values  have  then  been  computed  for  the  case  of  100  per 
cent  modulation   and   equal   carrier  amplitudes.     This   is 


about  the  worst  case  to  be  encountered.  What  should  be 
noted  here  particularly  is  that  not  only  is  the  beat  note 
of  importance,  but  other  components  are  also  present, 
principally  those  having  frequencies  equal  to  the  modula- 
tion frequency  plus  or  minus  the  beat  frequency.  Since 
in  practical  cases  the  beat  frequency  is  much  too  low  to 
be  heard,  it  is  these  latter  components  which  impair  the 
quality. 

In  Fig.  2,  in  order  to  give  a  more  general  picture  of 
the  production  of  spurious  frequencies,  there  are  shown 
their  relative  amplitudes  as  a  function  of  the  ratio  of  the 
carrier  amplitudes,  for  50  per  cent  modulation.  If  it  is 
assumed  that  for  satisfactory  reception  the  relative  ampli- 
tude of  the  total  sideband  noise  should  not  be  more  than 
one-tenth  that  of  the  desired  frequency,  this  would  restrict 
reception  from  two  stations  to  areas  where  the  relative 
carrier  amplitude  is  20  to  one  or  greater.  A  series  of 
measurements  to  determine  this  point  has  been  made  by 
G.  D.  Gillett,*  and  his  results  are  shown  in  Fig.  3.  Tests 
were  made  with  both  music  and  speech,  running  up  to  80 
per  cent  modulation  on  peaks.  With  voice  transmission 
the  situation  was  the  less  critical,  but  in  general  a  carrier 
ratio  of  10  to  1  had  to  be  maintained  in  order  to  avoid 
serious  impairment  of  quality. 

The  next  problem  for  consideration  is  the  reception 
of  two  synchronized  stations,  carrying  the  same  programme, 
when  the  carrier  frequency  difference  is  made  very  small, 
of  the  order  of  one  cycle  or  less.  The  waves  may  be  con- 
sidered to  be  of  the  same  frequency,  but  with  a  phase 
difference  which  slowly  varies.  Under  these  conditions  re- 
ception is  obtained  very  different  in  character  to  that 
previously  considered.  In  the  first  place  the  beat  frequency 
is  absent.  This  in  itself  is  of  little  importance,  but  the 
concomitant  result  is  that  the  spurious  frequencies  made 
up  of  the  modulation  frequency  plus  or  minus  the  beat 
frequency  are  also  absent.  The  removal  of  this  sideband 
noise  gives  a  freedom  from  harshness  in  the  sound  re- 
production, to  an  extent  not  easily  obtainable  when  the 
carrier  frequencies  are  appreciably  different.   An  important 
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Fig.  2 — Detection  of  two  modulated  Waves  of  Frequency-Differ- 
ence AP,  each  modulation  50  per  cent  in  Phase,  by  Frequency  O- 
Curves  show  relative  Amplitude  of  Audio-Frequency  Compon- 
ents in  Output  of  Receiving  (Square-Law)  Detector. 

effect  to  be  considered  is  the  way  in  which  the  two  carrier 
waves  add  together  in  the  detector.  Assume  for  an  example 
that  the  signal  strength  from  the  two  synchronized  stations 
is  equal.  Then  when  the  two  carriers  are  in  phase  aiding, 
twice  the  voltage  due  to  either  station  alone  is  applied; 
when  the  carriers  are  in  phase  opposition,  the  resultant 
voltage  is  zero.  As  the  carriers  change  phase  through  180 
degrees,  or  as  the  receiver  is  moved-  across  the  country 

*Previously  published  material  used  in  the  preparation  of  this 
paper  is  listed  in  the  bibliography  under  the  appropriate  subject  head- 
ing. 
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one-half  wave  length,  a  signal  strength  is  received  varying 
from  zero  to  twice  the  normal  value.  For  areas  where  the 
carrier  amplitudes  are  not  equal,  the  variations  will  be 
smaller.  In  Fig.  4  an  assumed  case  has  been  plotted.  The 
central  curves  show  the  relative  field  strengths  received 
separately  from  two  hypothetical  stations  of  equal  power, 
150  miles  apart.  The  upper  curve  shows  the  sum,  and  the 
lower  curve  shows  the  difference,  of  the  field  intensities 
from  the  two  stations.  Then  at  any  one  position  the 
signal  amplitude  will  vary  between  these  two  limits.    The 
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most  obvious  result  will  be  fading.  It  is  usually  concluded 
that  this  factor  is  negligible,  due  to  the  prevalence  of 
receivers  incorporating  automatic  volume  control,  and  in 
the  small  area  where  the  resultant  signal  goes  below  the 
noise  level  during  the  fading  cycle,  it  is  stated  that  a 
slightly  directional  antenna  will  solve  the  problem.  Surely 
these  conclusions  are  much  too  optimistic.  It  is  doubtful 
if  at  the  present  time  one  receiver  in  three  in  Canada  has 
an  effective  automatic  volume  control  circuit,  and  in  the 
area  of  equal  strength  probably  not  one  listener  in  ten 
would  have  the  knowledge,  the  facilities,  and  the  energy 
to  erect  the  simplest  form  of  directional  antenna.  The 
manner  in  which  an  opinion  is  reached  on  these  two  points, 
simple  as  they  may  seem,  profoundly  affects  the  design  of 
any  synchronized  broadcasting  system. 

If  it  is  assumed  that  a  fading  ratio  is  permissible 
between  peaks  and  troughs  of  1.4,  or  3  db.,  then  reception 
is  restricted  to  areas  where  the  relative  signal  strength 
ratio  of  the  two  stations  is  about  six  to  one,  or  greatf^r. 
If,  however,  an  increased  fading  ratio  is  permitted,  other 
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Fig.  4 — Field  from  Two  Synchronized  Stations  of  Equal  Power. 

factors  demand  attention.   The  first  of  these  is  the  question 
of  the  depth  of  modulation. 

The  usual  type  of  receiver  can  receive  with  tolerable 
distortion  a  modulated  wave  in  which  the  sidebands  are 
of  equal  amplitude,  and  separately  do  not  exceed  half  the 
carrier  amplitude,  i.e.,  the  depth  of  modulation  does  not 
exceed  100  per  cent.  Since  the  carrier  and  sidebands  are 
not  of  the  same  frequency,  one  of  the  following  conditions 


may  be  obtained,  depending  on  the  relative  phase  of  the 
waves  from  the  two  stations,  at  the  receiving  point. 

(a)  Roth  sidebands  completely  or  partly  phased  out, 
causing  amplitude  fading  additional  to  the  carriej 
fading  already  considered. 

One  sideband  phased  out,  causing  some  fading, 
but  principally  severe  distortion  of  the  modulated 
wave. 

Carrier  fading,  without  sideband  fading,  which 
may  cause  the  resultant  wave  at  the  receiver  to 
be  overmodulated,  with  consequent  distortion 
upon  demodulation. 

Where  the  modulation  takes  place  at  several  fre- 
quencies simultaneously,  certain  of  these  fre- 
quencies may  phase  out  and  be  lost  at  the  receiver, 
with  a  resultant  loss  of  fidelity;  this  is  selective 
fading,  and  is  usually  accompanied  by  (6)  and  (c). 
Where  the  audio-frequency  modulating  waves  are 
out  of  phase  results  similar  to  {(V)  may  result. 

Figure  5  shows  the  relative  amplitude  of  second  har- 
monic components  for  the  case  of  equal  carrier  amplitudes 
over  a  range  of  carrier  and  modulation  phases,  as  measured 
at  the  output  of  the  receiving  detector. 

There  remains  one  more  case  to  be  considered.  This 
is  the  effect  of  difference  in  time  of  arrival  of  the  correspond- 
ing waves  from  two  exactly  synchronized  transmitters. 
Echo  effects  are  easily  avoided  in  practical  operation,  as 
delays  of  several  thousand  micro-seconds  are  ordinarily 
required  before  these  become  perceptil)le.    However,  much 
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Fig.  5 — C.-F.  Broadcasting  Detection  of  two  Modulated  Waves. 

Second  Harmonic  Output  for  Waves  of  same  Amplitude  and 

Frequency  Modulated  30  per  cent  by  same  Frequency. 

smaller  delays  have  l)een  found  quite  perceptible  from  a 
distortion  standpoint,  due  to  the  phasing  effects  of  the  two 
modulated  waves.  Figure  6  shows  the  results  of  observa- 
tions by  Aiken  on  the  relative  time-delay  which  is  per- 
missible for  various  ratios  of  carrier  amplitude  and  various 
carrier  phase  angles.  It  will  be  noted  that  the  worst  effects 
are  obtained  with  a  carrier  phase  angle  of  180  degrees  and 
in  Fig.  7  the  permissible  time-delay,  or  alternatively  the 
permissible  difference  in  distance  from  the  receiver  to  each 
of  the  synchronized  stations,  is  plotted  against  the  required 
carrier  amplitude  ratio.  If  a  carrier  ratio  of  about  14  or 
more  to  one  is  maintained,  time-delay  of  any  reasonable 
amount  causes  negligible  distortion.  On  the  other  hand, 
if  the  stations  are  accurately  synchronized,  and  the  dif- 
ference in  the  length  of  paths  to  the  receiver  is  less  than 
10  miles,  perfect  reception  may  be  obtained  at  any  point 
in  their  normal  service  area. 

Some  consideration  should  be  given  to  the  type  of 
detector  employed  in  the  receiver.  In  most  of  the  calcula- 
tions of  spurious  frequencies  the  linear  detector  shows  to 
considerable  advantage  over  the  square-law  detector.  In 
practice,  however,  as  the  actual  conditions  of  carrier  ratio, 
frequency  difference,  depth  of  modulation,  and  time-delay 
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vary  widely,  and  as  commonly  used  detectors  are  inter- 
mediate between  the  two  theoretical  types,  very  little 
distinction  can  be  made.  In  general,  of  course,  the  linear 
detector  will  show  smaller  relative  distortion  components. 
So  far  only  the  case  where  the  two  synchronized 
stations  carry  identical  programmes  has  been  considered. 
When  stations  carrying  different  programmes  are  syn- 
chronized, however,  very  little  advantage  is  ordinarily 
gained.  The  beat  note  will  normally  be  inaudible  in  any 
case,    and   the   only   spurious   frequencies   which   will    be 
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Fig.  6 — Detection  of  two  Modulated  Waves  of  same  Carrier 
Frequency,  modulated  80  per  cent  on  Peaks  of  same  Programme. 
Curves  show  limiting  values  of  Carrier  Phase  Angle  and  Carrier 
Amplitude  Ratio  at  which  indicated  Time-Delay  in  Micro- 
seconds causes  Perceptible  Distortion. 

eliminated  are  the  desired  frequency  plus  and  minus  the 
beat  frequency.  These  components  will  be  much  smaller 
than  the  components  of  the  unwanted  modulation  fre- 
quency, so  that  about  the  same  carrier  ratio  must  be 
maintained  at  the  receiver  for  synchronized  as  for  non- 
synchronized  stations. 

There  is  also  another  effect  in  the  reception  of  syn- 
chronized stations  which  becomes  important  when  the 
frequency-difference  is  greater  than  about  one  cycle.  If 
static  or  circuit  noise  is  present  in  even  quite  small  amounts, 
a  noticeable  flutter  will  be  heard,  although  the  carrier  ratio 
may  be  of  such  a  value  that  reception  is  otherwise  satisfac- 
tory. This  effect  has  been  extensively  studied  by  C.  B. 
Aiken  of  the  Bell  Telephone  Laboratories,  who  kindly 
permitted  the  writer  to  see  an  unpublished  memorandum 
giving  complete  quantitative  data.*  This  flutter  is  much 
more  noticeable  with  a  square-law  than  with  a  linear 
detector,  and  in  the  former  case  is  independent  of  the 
amplitude  of  the  noise  over  quite  a  wide  range.  As  a 
quantitative  example,  Aiken  found  that  with  two  carriers 
of  a  frequency-difference  of  3  cycles,  the  stronger  signal 
being  modulated  by  speech  or  music  with  a  strong  back- 
ground of  circuit  noise,  the  square-law  detector  gave  easily 
perceptible  flutter  for  a  carrier  amplitude  ratio  of  3  to  one, 
the  flutter  becoming  imperceptible  for  ratios  greater  than 
about  6  to  one.  Under  similar  conditions  the  linear  detector 
gave  perceptible  flutter  for  a  carrier  ratio  of  1.2  to  one, 
distortion  disappearing  for  a  ratio  of  about  1.8  to  one. 

The  flutter  effect  may  also  be  intensified  with  receivers 
employing  automatic  volume  control.  As  the  two  incom- 
ing carriers  alternately  add  and  subtract  in  amplitude,  the 
automatic  volume  control  will  first  increase  and  then 
decrease  the  gain  of  the  receiver  in  order  to  keep  a  constant 
carrier  voltage  at  the  detector  input,  thus  causing  a  cor- 
responding flutter  in  any  background  of  noise  which  may 
be  present. 

This  section  may  be  concluded  with  a  rough  estimate 
based  on  the  experience  of  workers  in  the  field  of  syn- 
chronized broadcasting,  as  to  what  ratios  of  carrier  am- 
plitudes from  the  two  transmitters  are  permissible  for 
satisfactory  reception. 

For  accurate  synchronization,  with  carrier-frequency 
differences  of  a  fraction  of  a  cycle,  and  small  time-delay, 
ratios  of  1.4  to  one  or  greater  must  be  maintained.  Eckers- 

*Since  this  paper  was  written,  Mr.  Aiken  has  published  the 
results  of  his  study.     See  reference  (10)  in  bibliography. 


ley  gives  a  ratio  of  5  to  one  for  low-power  stations  of  equal 
power  separated  forty  miles. 

For  close  synchronization  with  carrier  frequency- 
difTerences  of  a  few  cycles,  ratios  of  about  12  to  one  or 
greater  are  necessary,  particularly  if  noise  is  present. 

For  stations  without  synchronization  having  frequency- 
differences  of  the  order  of  20  to  100  cycles,  the  carrier  ratio 
should  be  about  30  to  one  or  greater. 

It  is  a  fact  of  experience  that  where  synchronized 
stations  are  received  at  a  considerable  distance  from  either 
station,  or  in  cases  where  the  stations  are  widely  separated, 
reception  may  be  much  better  than  would  be  predicted 
from  the  data  given  above.  This  is  due  to  the  fact  that 
in  these  cases  transmission  from  each  station  may  occur 
over  several  paths  of  different  lengths.  All  the  effects 
tending  to  depreciate  the  quality  of  reception  depend  on 
the  phasing-out  of  particular  components,  and  where  a 
number  of  paths  exist,  the  probability  of  these  phasing 
effects  becoming  serious  is  considerably  lessened. 
Service  Area  of  a  Single  Station 

Having  considered  in  some  detail  the  reception  of  two 
synchronized  stations,  the  associated  transmission  prob- 
lems may  be  now  looked  at  briefly.  The  steps  necessary 
are  first  to  arrive  at  conclusions  as  to  what  constitutes  a 
satisfactory  signal  strength,  and  then  to  examine  available 
data  to  find  the  extent  of  the  service  area  of  a  single 
station  operating  on  a  clear  channel.  With  this  informa- 
tion on  hand  we  shall  be  able  to  see  to  what  extent  syn- 
chronization is  of  value. 

The  United  States  Federal  Radio  Commission  has  set 
up  standards  for  reception  as  follows: 

The  Qood  service  area  of  a  station  is  defined  as  that 
area  in  which  reception  is  obtained  free  from  noticeable 
interference  for  90  per  cent  of  the  time.  Fair  and  •poor 
service  areas  are  defined  relative  to  the  good  service  area. 
The  field  intensity  which  is  considered  to  correspond  to 
each  grade  of  service  for  different  reception  conditions  is 
shown  in  Table  III. 

Table  III 

Minimum   Field-Intensity  Standards  Established   by  the  U.S. 

Federal  Radio  Commission 

Values  are  in  millivolts  per  meter 


District 

Service 

Good 

Fair 

Poor 

Business 

10 
2 
0.5 

5 
1 
0.25 
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Fig.  7 — Detection  of  two  Modulated  Waves  of  same  Carrier 
Frequency,  of  Relative  Phase  180  Degrees  modulated  by  same 
Programme.  Curve  shows  Time-Delay  (or  Difference  in  Lengths 
of  Path  to  Receivers)  versus  Carrier  Amplitude  Ratio  at  which 
Distortion  is  just  Perceptible. 

A  standard  for  non-synchronized  stations  of  the  same 
frequency  is  set  at  a  field-intensity  ratio  of  20  to  one, 
although  admittedly  this  is  not  satisfactory  under  many 
conditions. 
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Definitions  of  service  areas  in  northern  Europe,  given 
by  P.  P.  Eckersley,  sometime  chief  engineer  of  the  British 
Broadcasting  Corporation,  agree  with  the  values  shown  in 
Table  III  for  business  districts. 

It  should  be  realized  that  the  classifications  arrived  at, 
in  America  at  any  rate,  are  governed  almost  entirely  by 
local  electrical  noise  conditions.  It  is  assumed  that 
listeners  in  any  area  will  have  receivers  sufficiently  sen- 
sitive to  utilize  even  much  weaker  field  intensities  than 
are  accepted  as  satisfactory. 

Now  to  consider  the  question  of  the  field  due  to  a 
broadcasting  station.  The  field  intensity  laid  down  by  a 
station  at  a  given  point  is  greater  during  the  night  than 
in  the  day,  the  ratio  between  the  two  values  growing 
greater  as  the  distance  from  the  station  is  increased.  In 
synchronized  broadcasting  one  station  on  the  channel  is 
generally  at  a  considerably  greater  distance  from  a  receiver 
in  the  good  service  area  than  is  the  other  station.  The 
greatest  impairment  of  reception  occurs  when  the  distant 
station  has  its  maximum  field  intensity,  hence  night-time 
conditions  are  of  the  greater  importance.  Accordingly  in 
Fig.  8  curves  are  shown  relating  field  intensity  and  distance 
from  the  station,  for  a  wide  range  of  antenna  power. 
These  curves  are  the  average  of  several  hundred  night- 
time observations  on  American  broadcasting  stations,  co- 
ordinated by  the  United  States  Federal  Radio  Commission. 
In  situations  where  stations  of  widely  different  powers  are 
synchronized,  reception  at  some  points  may  be  governed 
by  the  day-time  field  intensity  ratio.  The  curves  of  Fig.  8 
may  be  used  for  estimating  field  intensities  in  these  cases, 
up  to  distances  of  20  miles. 

The  data  used  in  drawing  Fig.  8  were  averages  only, 
and  in  individual  cases  the  actual  field  intensity  may  vary 
above  or  below  the  value  shown  by  a  factor  of  5.  It  will 
be  noticed  that  these  curves  show  the  transmission  as 
obeying  quite  closely  an  inverse-distance  law.  Similarly 
the  day-time  transmission  obeys  an  inverse-square  law  at 
distances  from  20  to  200  miles. 

Service  Area  of  Synchronized  Stations 
One  is  now  in  a  position  to  calculate  the  area  and  the 
population  served  by  a  single  station;  and  also  to  estimate 
these  quantities  for  a  pair  of  synchronized  stations. 

In  order  to  clarify  the  situation,  Fig.  9  has  been  drawn 
to    show    the   field-intensity    ratio    contours    around    one 
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Fig.  8 — Average  Night-Time  Field  Intensities. 

station  of  a  synchronized  pair.  Underlying  assumptions 
are  made  that  the  stations  are  of  the  same  power  and 
that  the  inverse-distance  law  holds  throughout  the  region 
covered.  In  regions  of  greater  attenuation,  or  where 
greater  distances  are  covered,  the  contours  will  not  lie  so 
close  to  the  station,  that  is,  the  service  area  will  be  in- 
creased. 


Commercial  Synchronizing  Equipment 
Common-frequency  V^roadcasting  has  been  attempted 
in  many  cases  with  varying  degrees  of  success,  but  at  the 
present  time  appears  to  be  of  particular  importance,  partly 
due  to  a  general  increase  in  transmitter  power  both  here 
and  in  Europe,  and  partly  due  to  recent  progress  in  syn- 
chronizing equipment. 

Perhaps   the   most   ambitious   system   that   has   been 
operated  is  the  British  Broadcasting  Corporation's  chain 


Fig.  9 — Field  Intensity  Ratio  Contours  around  Two  Synchronized 
Stations  of  the  same  Power. 

of  ten  stations,  set  up  on  the  basis  of  satisfactory  results 
realized  as  early  as  1926  from  four  British  stations  syn- 
chronized within  a  hundred  cycles  or  so,  and  from  two 
German  stations  operated  synchronously  in  1928.  In  the 
B.B.C.  system,  1,000-cycle  tuning  forks  were  used  at  each 
station  with  a  series  of  doubler  stages  to  give  the  carrier 
frequency.  Stability  was  maintained  within  about  10 
cycles,  and  the  forks  were  probably  re-adjusted  every  few 
days  to  the  frequency  of  a  master  station.  The  system 
apparently  operated  with  good  success,  the  stations  all 
being  of  low  power,  and  situated  in  centres  of  relatively 
dense  population. 

In  1929  and  1930  Bell  Telephone  Laboratories  under- 
took extensive  experimental  work  in  connection  with  syn- 
chronized broadcasting,  and  commercial  equipment  was 
designed  to  synchronize  two  1-kw.  stations  150  miles  apart. 
The  stations  had  not  previously  operated  simultaneously. 
Independent  crystal-controlled  oscillators  were  used,  capa- 
ble of  maintaining  their  frequency  within  about  5  cycles 
over  long  periods.  At  a  mid-point  between  the  stations  a 
monitoring  receiver  was  located,  and  the  beat  frequency 
from  the  two  carriers  was  transmitted  back  to  one  station. 

At  this  point  the  frequency  of  the  crystal-controlled 
oscillator  was  shifted  a  small  amount  by  the  operator,  the 
frequency  difference  being  maintained  in  this  way  at  less 
than  1/10  cycle.  This  is  the  so-called  radio-frequency 
monitoring  system. 

With  this  arrangement  it  was  found  that  the  normal 
service  area  of  each  station  was  maintained,  and  the  night- 
time reception  was  improved  at  points  100  miles  or  more 
distant  from  either  station,  where  amplitude  and  selective 
fading  had  previously  been  severe. 

More  recently  rather  elaborate  automatic  synchroniz- 
ing equipment  has  been  developed  by  Bell  Telephone 
Laboratories.  A  diagram  of  one  terminal  of  the  equip- 
ment is  shown  in  Fig.  10.  Each  synchronized  station  (of 
which  there  may  be  a  number  on  one  frequency)  is  equipped 
with  two  quartz  crystal-controlled  oscillators,  one  a  spare. 
These  oscillators  are  capable  of  maintaining  their  frequency 
within  a  few  cycles  over  long  periods.  From  a  central 
location  an  oscillator  of  quite  high  frequency  stability 
transmits  4,000-cycle  current  over  telephone  lines  to  each 
station.  At  this  point,  by  a  process  of  frequency  multiplica- 
tion and  modulation  two  currents  are  obtained,  each  of 


334 


THE     ENGINEERING     JOURNAL 


July,  1935 


HARMONIC 
SELECTOR 
AND  AMPLIFIER     C+Af 


10  KC 
MULTIVIBRATOR 
4  KC  4  TO  20  KC 

AMPLIFIER     MULTIPLIER 


4KC 


20KC 


WIRE  LINE   SUPPLYING 

4  KC  REFERENCE 

FREQUENCY 


1 


rr 


10  KC  AND 
HARMONICS 


C  + 
10  KC 


I0KC±  AT 


Af^e 


m 


MODULATORS 


10  KC     \ 


NO.  2 


10  KC  SELECTOR        PHASE  SHIFTING 
AMPLIFIER  NETWORK 


AfzL0+90° 
I 

I 


@. 


u 


C+ Af 


TO  RADIO 
TRANS. 


R.F. 
AMPLIFIER 


FREQUENCY         CRYSTAL 
CORRECTOR       OSCILLATOR 
UNITS 


NO.  I232A  PANEL  NO.  123 1 A   PANEL 

Fig.  10 — Diagram  of  Synchronizing  System  for  Common  Frequency  Broadcasting. 


frequency  ^F  equal  to  the  difference  of  C  +  ^.F,  the 
frequency  of  the  local  crystal-oscillator,  and  the  correct 
carrier  frequency,  C,  as  derived  from  the  4,000-cycle 
oscillator.  One  current,  however,  is  advanced  90  degrees 
in  phase  ahead  of  the  other.  The  two-phase  current 
resulting  from  the  combination  is  applied  to  a  motor  unit 
which  revolves  a  variable  condenser  giving  small  variations 
in  the  crystal-controlled  carrier  oscillator.  The  motor  unit 
tends  to  revolve  until  the  carrier  oscillator  is  brought  into 
synchronism  with  the  carrier  frequency  which  would  be 
derived  from  the  4,000-cycle  transmission.  Thus  the  equip- 
ment at  each  station  automatically  adjusts  the  carrier 
frequency  to  a  fixed  multiple  of  the  driving  oscillator 
frequency.  In  extended  trials  this  equipment  has  been 
shown  to  be  capable  of  maintaining  the  frequencies  of  two 
stations  within  about  1/10  cycle  over  a  period  of  several 
months.  It  is  interesting  to  note  that  even  in  case  the 
control  circuit  is  disrupted  between  the  master  oscillator 
and  a  station,  due  to  the  high  stability  of  the  local  oscillator 
the  carrier  frequency  will  drift  by  only  a  very  small  amount 
over  the  time  of  any  probable  interruption  of  the  service. 
This  system  has  been  called  the  wire-line  reference  method 
for  securing  synchronism. 

It  seems  probable  that  from  the  point  of  view  of  ac- 
curacy of  synchronization  and  reliability  this  equipment  is 
close  to  the  ultimate. 

A  third  method  of  synchronization  which  has  received 
some  attention  is  that  of  generating  a  carrier  wave  and 
modulating  it  at  a  central  point.  High-frequency  trans- 
mission lines,  perhaps  two-conductor  concentric  cables, 
carry  the  modulated  wave  to  the  transmitter  locations 
where  the  wave  is  amplified  through  a  series  of  stages, 
and  finally  radiated  by  an  antenna.  This  system  would 
of  course  give  accurate  synchronization,  but  the  problems 
associated  with  the  high-frequency  transmission  lines  appear 
to  be  nearly  insoluble  at  present. 
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La   Route  Moderne 


Avec  quelques  renseignements  sur  le  syst^me  routier  de  la  province  de  Quebec 

Alphonse  Paradis,  M.E.I.C, 
Ingenieur  en  Chef,  Ministere  de  la  Voirie,  Province  de  Quebec. 
Causerie  donnee  ^  la  Section  de  Quebec  de  r"Engineering  Institute  of  Canada"  le  18  fevrier  1935. 


Les  voies  de  communication  et  les  modes  de  transport 
se  sont  adapt^s  comme  touts  autre  chose  aux  besoins  de 
leur  temps. 

Depuis  les  jours  lointains  des  chariots  h  deux  roues 
train^s  par  des  boeufs  h  demi-sauvages,  et  des  galeres  a 
double  rang^e  de  rames,  le  monde  a  vu  se  succ^der  I'age 
du  carrosse,  de  la  diligence  et  de  I'omnibus,  des  navires  a 
voile,  des  bateaux  a  vapeur,  des  chemins  de  fer,  des  tram- 
ways ^lectriques  et  enfin  de  I'automobile  et  de  I'a^roplane. 

La  machine  a  vapeur  fut  la  merveille  de  son  temps. 
Son  apparition  a  mis  en  branle  des  centaines  de  cerveaux 
qui  s'ingenierent  non  seulement  a  la  perfectionner,  mais 
aussi  et  surtout  a  I'appliquer  au  transport  au  moyen  d'in- 
ventions  corollaires  comme  le  bateau  a  helice  et  le  wagon 
sur  rail  de  fer,  etc.  On  vit  alors  les  continents  se  couvrir 
d'un  treillis  de  voies  ferrees  et  les  mers  s'emailler  de  vais- 
seaux  toujours  plus  lourds  et  plus  rapides.  Ce  fut  sur 
terre  I'age  d'or  de  la  locomotive  et  du  rail.  Les  grandes 
compagnies  ferroviaires  regnaient  en  souverains  dans  le 
monde  du  transport. 

Un  petit  incident,  I'invention  du  moteur  a  explosion, 
devait  terrasser  le  colosse  d'un  siecle. 

Les  milliers  de  wagons  qui  dorment  sur  des  voies  prin- 
cipales  desaffectes,  les  centaines  de  locomotives  qui  encom- 
brent  les  abords  des  usines  de  chemin  de  fer,  les  d-marches 
r6p6t^es  de  compagnie  pour  essayer  de  vendre  aux  divers 
d^partements  ou  commissions  de  voirie,  I'assiette  de  voies 
qu'on  projette  d'abandonner,  les  vieux  rails  a  demi-recou- 
verts  d'asphalte  qu'on  apergoit  encore  dans  les  rues  des 
petites  villes  comme  un  vestige  d'un  autre  age,  sont  autant 
de  temoignages  irrefutables  de  la  revolution  op6ree  dans  le 
domaine  du  transport  depuis  une  vingtaine  d'annees. 

II  avait  semble  tout  d'abord  que  le  moteur  a  essence 
arrivait  comme  un  adjoint  pour  combler  une  lacune  dans 
le  systeme  de  transport,  etabli.  Sa  legerete  et  son  adap- 
tabilite  aux  petits  vehicules  le  designaient  clairement  comme 
agent  de  propulsion  pour  transport  rapide  a  courte  portee. 
II  devait  former  les  rameaux  de  cet  arbre  dont  le  lourd 
train  a  vapeur  constitue  le  tronc  rigide  et  les  grosses  bran- 
ches. Eh  bien  non!  .  .  .  C'est  un  enfant  qui  a  grandi  vite, 
et  qui  deja  se  degage  de  la  tutelle  qui  croyait  le  tenir 
indefiniment  en  sujetion.  II  est  devenu  un  arbre  par  lui- 
meme.  II  a  engendre  un  systeme  de  transport  sur  terre, 
independant  des  autres,  sans  mentionner  son  frere 
cadet  qui  s'appelle  le  transport  aerien.  De  v^ritables  trains 
circulent  maintenant  sur  certaines  de  nos  routes  durant 
les  douze  mois  de  I'ann^e,  et  cela  vingt-quatre  heures  par 
jour. 

Les  trains  automobiles  d'aujourd'hui  pesent  60,000 
livres,  avec  la  souplesse  qui  donne  I'avantage  de  porter 
jusqu'a  la  porte  de  I'acheteur,  la  marchandise  transport^e. 

Que  sera  I'avenir?  L'examen  du  passe  et  des  condi- 
tions pr^sentes  le  font  entrevoir.  Depuis  trente  ans  on 
construit  des  routes  modemes.  Certaines  d'entre  elles  ont 
^t6  reconstruites  deux  fois  depuis  ce  temps,  et  combien 
pitoyable  apparait  I'ancienne  a  c6t6  de  la  nouvelle.  Celles 
qui  faisaient  I'enchantement  des  voyageurs  de  leur  temps, 
sont  devenues  un  sujet  de  critique  ou  de  ris^e.  On  s'in- 
digne  et  on  peste  encore  contre  les  chemins  poussi6reux 
sans  songer  que  nos  premieres  routes  ne  permettaient  pas 
assez  de  vitesse  pour  faire  de  la  poussiere.  II  y  a  dix  ans 
passes,  nos  rapports  de  voirie  d^coraient  la  province  de 
Quebec  du  titre  pompeux  de  "Good  roads  province".     II 


faut  voir  comment  figurent  aujourd'hui  ces  bons  chemins  de 
la  premiere  heure  compares  aux  auto-routes  qu'on  cons- 
truit en  Europe  et  aux  "super-highways"  qu'on  voit  aux 
Etats-Unis.  II  suffit  de  lire  les  publications  ^trangeres  et 
les  rapports  des  congres  de  la  route  pour  constater  que 
dans  tous  les  pays,  aussi  bien  en  Europe  qu'en  Amerique, 
les  precedes  de  construction  et  les  donn^es  qui  servent  de 
base  aux  "standards"  ont  une  vie  ^phemere.  Les  projets 
de  quelque  importance  sont  souvent  modifies  et  remodel6s 
au  cours  de  leur  execution  au  point  d'etre  meconnaissables. 
Bien  des  ingenieurs  de  voirie  ont  vu  tomber  leurs  illusions 
lorsqu'apres  un  travail  patient  et  prolonge,  ils  avaient  cru 
avoir  fait  ojuvre  durable  dans  la  preparation  des  devis 
generaux  pour  la  construction  des  routes. 

Si  nous  demandons  aux  etats  americains  une  copie  de 
leurs  devis,  ils  nous  repondent:  "under  revision".  Les 
auteurs  qui  se  sont  efforces  d'etablir  des  regies  fondamen- 
tales  et  de  tracer  des  directives  generales  basees  sur  les 
conventions  adoptees  par  les  congres  internationaux  ou 
autres,  pour  la  construction  des  routes,  se  voient  conti- 
nuellement  accules  a  la  necessite  de  reediter  leurs  ouvrages. 

L'Europe,  le  foyer  reconnu  de  la  science  et  de  la 
civilisation  est,  comme  les  jeunes  pays  d' Amerique,  en 
pleine  periode  de  developpement  et  d'experimentation  dans 
ce  domaine.  II  est  tres  interessant  de  constater  que  les 
vieux  pays  sont  en  face  des  memes  problemes  et  des  memes 
difficultes  que  nous  avons  a  envisager  dans  notre  province. 
La  question  des  pavages  antid^rapants  est  etudiee, 
mais  n'est  pas  resolue.  On  n'est  pas  encore  fixe  sur  les 
composes  asphaltiques  les  plus  avantageux,  ni  sur  la  possi- 
bilite  d'emulsifier  les  goudrons,  ce  qui  serait  un  avantage 
considerable  dans  un  pays  comme  I'Angleterre.  Les  chan- 
gements  de  traces  pour  redresser  et  elargir  les  routes,  dans 
des  limites  raisonnables  de  depenses,  en  evitant  les  agglo- 
merations des  villages  et  des  petites  villes,  rencontrent  des 
protestations  tout  comme  dans  la  province  de  Quebec. 

Les  lois  regissant  les  procedures  pour  expropriations, 
deplacement  de  batisses  et  paiements  d'indemnites  ont  ete, 
encore  recemment,  en  France,  I'objet  d'amendements  im- 
portants  pour  simplifier  les  procedes  en  usage  et  r^duire  le 
coM  de  I'etablissement  des  routes  sur  de  nouveaux  tracfe. 

Cependant,  I'etude  de  tous  ces  problemes  n'empeche 
pas  les  europeens  d'aller  de  I'avant.  Les  "auto-strade"  en 
Italie  et  les  auto-routes  en  France  et  en  AUemagne  riva- 
lisent  avec  les  "super-highways"  des  Etats-Unis.  Ces 
grandes  arteres  modernes  sont  destinees  exclusivement  aux 
vehicules  moteurs,  sans  limite  de  vitesse.  Les  croissements 
a  niveau  sont  elimines  par  des  passages  inf^rieurs  et  sup6- 
rieurs  avec  raccordements  sans  virage  a  gauche,  ou  am6- 
lior^s  au  moyen  d'intersections  circulaires  que  les  ameri- 
cains appellent  "traffic  circles,"  de  maniere  a  reduire  les 
dangers  d'accidents. 

On  projette  actuellement  un  systeme  d'auto-routes 
pour  les  sorties  de  Paris,  compost  de  cinq  grandes  arteres 
radiales,  raccordees  par  une  route  de  ceinture  encerclant 
la  ville  a  une  distance  de  vingt  kilometres  du  centre;  et 
I'auteur  de  I'article  de  la  Revue  Generale  des  Routes  qui 
decrit  cet  immense  projet  ajoute:  "Paris  aura  enfin  des 
sorties  convenables,"  tout  comme  nous  pourrions  dire  si 
les  projets  dont  nous  avons  commence  I'etude  I'^t^  dernier 
s'ex^cutent:  "Quebec  aura  bientot  des  sorties  dignes  d'une 
grande  ville." 
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Le  programme  des  auto-routes  dans  la  banlieue  de 
Paris  comporte  des  donn^es  ultra-modernes :  —  pertes  et 
rampes  de  pas  plus  de  5  pour  cent  rayons  de  courbure  de  mille 
metres,  largeur  d'emprise  de  70  a  100  metres,  avec  chaussee 
double,  pour  circulation  a  sens  unique  d'une  largeur  de  9 
metres  pour  chaque  voie,  flanqu^e  d'une  voie  laterale  de 
desserte  egalement  de  9  metres  de  largeur.  Les  trois  voies 
seront  separees  par  des  terre-pleins  plant^s  d'arbres  et 
d'arbustes.     Les   pavages   seront   le   beton   de   ciment,   le 


Fig.  1 — Province  de  Quebec  Route  1 — Montreal-Sherbrooke. 
Section  du  lac  Orford. 

pavage  mosaique  ou  bien  le  revetement  noir  6pais,  recon- 
nus  comme  les  plus  aptes  a  porter  une  circulation  intense. 
Elles  ne  traverseront  a  niveau  aucune  autre  voie  et  les 
raccordements  peu  nombreux  seront  du  systeme  "grade 
separation."     Elles  seront  eclair^es  abondamment. 

Les  trois  principales  arteres  de  ce  reseau  auront  une 
longueur  totale  de  90  kilometres  et  coMeront  500  millions 
de  francs. 

On  voit  que  si  la  France  fut  devancee  par  I'ltalie, 
avec  ses  "auto-strade,"  elle  est  bien  resolue  a  reprendre  le 
terrain  perdu.  Inutile  de  dire  que  I'Angleterre  et  I'Alle- 
magne  progressent  dans  le  meme  sens  pour  I'amenagement 
de  leurs  reseaux  routiers. 

Si  nous  retraversons  la  mer  pour  voir  ce  qui  se  passe 
chez  nos  plus  proches  voisins,  nous  constatons  que  les 
"super-highways"  sont  un  fait  accompli  depuis  plusieurs 
ann^es,  et  les  recents  hauts-faits  des  Americains  dans  ce 
domaine  d^passent  nettement  ce  qu'il  y  a  de  plus  remar- 
quable  en  Europe.  Je  suggere  a  ceux  qui  en  auront  I'occa- 
sion,  de  visiter  les  dernieres  creations  de  I'etat  de  New- 
Jersey  pour  les  sorties  de  New- York  vers  I'ouest.  Le 
chemin  d'approche  du  tunnel  Holland  est  un  colossale 
monument  qui  ^merveille  les  visiteurs,  sinon  par  sa  beauts, 
du  moins  par  sa  masse.  Les  ingenieuses  combinaisons  de 
raccordements  avec  les  voies  transversales  et  les  imposantes 
dimensions  de  ce  chemin  61eve  sur  des  milles  de  longueur 
contournant  la  ville  de  Newark,  passant  au-dessus  d'une 
multitude  de  voies  ferrees,  en  font  un  chef-d'ceuvre  dans 
son  genre. 

L'approche  du  pont  Georges  Washington  est  une  autre 
production  epatante  du  genie  americain.  Ce  trongon  regoit 
le  trafic  de  quatre  grandes  arteres  venant  du  nord,  de  I'ouest 
et  du  sud  pour  donner  acces  a  New-York,  a  la  plus  grande 
partie  des  quelques  deux  cent  mille  personnes  qui  entrent  et 
sortent  de  la  ville  chaque  jour,  sans  compter  le  va-et-vient 
du  trafic  local. 

Une  chose  tres  remarquable  dans  le  r6seau  du  New- 
Jersey,  c'est  la  diversity  des  formes  d'intersections.  Cha- 
que cas  semble  etre  un  probleme  special,  parfois  tres  com- 
pliqu^.  Aucune  grande  artere  n'est  travers^e  a  niveau  par 
une  autre  voie,  et  le  genre  d'intersections  varie  non  seule- 
ment  selon  I'importance  des  routes,  mais  aussi  selon  la 
topographic    des    lieux.     L'intersection    circulaire    "traffic 


circle"  est  la  plus  simple  et  la  plus  economique.  Toute 
voiture  qui  s'engage  dans  le  cercle  tourne  a  droite.  II  en 
resulte  que  la  circulation  sur  le  cercle  meme  se  fait  toujours 
en  tournant  a  gauche  et  par  consequent  c'est  "one  way." 
Ce  systeme  a  I'inconv^nient  de  ralentir  la  circulation,  mais 
^limine  pratiquement  tout  danger  de  collision.  II  occa- 
sionne,  quelquefois,  des  accidents  par  des  voitures  qui  vont 
se  buter  sur  I'ilot  au  centre  du  cercle. 

L'intersection  "clover  leaf"  parait  etre  devenue  "stan- 
dard" mais  n'est  pas  fr^quemment  employee  a  cause  de 
son  colit  excessif  et  de  I'espace  considerable  requis  pour 
I'etablir.  II  permet  de  franchir  le  croisement  a  toute 
vitesse.  Le  passage  d'une  route  a  I'autre  en  tournant  a 
droite  est  simple,  mais  pour  aller  a  gauche,  il  faut  faire 
une  boucle  complete  dans  un  virage  a  droite  et  en  passant 
du  niveau  bas  au  niveau  eleve  ou  vice-versa.  II  est  egale- 
ment remarquable  que  certains  croisements  ne  com  por- 
tent aucun  raccordement  entre  les  deux  routes,  d'autres 
sont  pourvues  d'un  virage  dans  un  seul  sens.  Nos  amis, 
les  Americains,  ont-ils  des  formules  basees  sur  I'intensit^ 
de  la  circulation  pour  determiner  ce  qu'il  y  a  a  faire  dans 
chaque  cas  ?  II  n'y  aurait  pas  lieu  d'en  etre  surpris  si  on 
considere  I'arm^e  d'ingenieurs  qu'ils  emploient.  Le  seul 
^tat  de  New- York  occupe  onze  cents  ingenieurs  pour  le 
service  de  la  voirie  et  des  canaux. 

Le  comte  de  Wayne  dans  I'etat  de  Michigan  a  aussi 
un  systeme  de  "super-highways,"  tres  avance.  Les  grandes 
arteres  qui  rayonnent  en  lignes  droites  de  la  ville  de  Detroit, 
peuvent  desservir  un  trafic  enorme,  probablement  beaucoup 
plus  considerable  que  celui  qu 'elles  portent  actuellement. 
La  largeur  d'emprise  de  ces  routes  est  de  204  pieds.  La 
chaussee  est  form^e  de  deux  voies  betonn^es  de  30  a  40 
pieds  de  largeur  chacune,  separees  par  un  terre-plein  d'en- 
viron  75  pieds,  om6  de  plantations  diverses.  Les  croise- 
ments sont  du  genre  "grade  separation."  Les  voies  doubles 
necessitent  deux  ponts  a  chaque  intersection  et  les  masses 
de  b6ton  qui  entrent  dans  ces  ouvrages  sont  enormes.  Le 
pays  etant  tres  plat,  les  traverses  de  voies  ferrees  se  font 
toujours  par  des  passages  superieurs. 

Une  tournee  d'inspection  faite  I'ete  dernier  sur  les 
routes  de  I'etat  de  New- York,  en  compagnie  des  princi- 
paux  officiers  de  la  commission  des  chemins,  nous  a  permis 
de  constater  une  fois  de  plus,  I'esprit  pratique  des  Ameri- 
cains qui  savent  malgre  leurs  richesses,  faire  rendre  a  chaque 
dollar  employe  dans  la  construction,  sa  pleine  valeur.  Leur 
main-d'oeuvre,  il  faut  bien  I'admettre,  est  considerablement 
superieure  a  la  notre  tant  au  point  de  vue  de  I'habilete  qu'au 
point  de  vue  de  la  rapidite  dans  I'execution  des  travaux. 

La  construction  d'un  chemin  de  premiere  classe  pour 
atteindre  le  sommet  du  mont  Whiteface,  pres  du  lac  Placid, 
en  voie  de  parachevement,  est  une  entreprise  digne  de  leurs 
6mules  du  New-Jersey,  non  pas  tant  par  son  envergure  que 
par  sa  particularite  et  la  fantaisie  qui  semble  I'avoir  inspiree. 

Cette  route  de  9  milles  de  longueur  en  rampe  continue, 
variant  de  4  pour  cent,  qu'elle  est  au  bas,  jusqu'a  10  pour 
cent  vers  le  sommet,  a  pour  seule  fin  d'atteindre  un  point 
d'observa'tion  a  4,600  pieds  d'altitude  d'ou  I'oeil  embrasse  un 
panorama  grandiose  de  montagnes  et  de  lacs.  Cette  route 
coutera  un  million.  Elle  est  construite  avec  des  fonds  sous- 
critslibrement  pour  I'erection  d'un  monument  aux  veterans  de 
la  guerre.  Environ  la  moitie  du  parcours  est  taill^e  dans 
le  roc  vif  sur  une  pente  escarpee,  avec  mur  de  soutenement 
en  grosses  pierres  atteignant  jusqu'a  80  pieds  de  hauteur. 
Elle  comporte  des  lacets  remarquables  dont  I'un  appele 
"hair  pin"  permet  de  voir  la  route  cent  pieds  en  dessous  de 
soi  a  une  distance  horizontale  de  cent  pieds. 

D'une  maniere  g^nerale  dans  I'etat  de  New- York,  les 
grandes  routes  qu'on  reconstruit  sont  tracees  a  neuf  avec 
des  profils  et  des  courbes  d'un  "standard"  beaucoup  plus 
61eve  que  les  anciennes.  La  largeur  des  nouvelles  chauss6es 
en  rase  campagne,  varie  de  20  a  30  pieds  et  le  pavage  est 
exclusivement  de  b^ton  arme. 
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Les  routes  de  seconde  classe  sont  am^liorees  sans  mo- 
difier les  traces,  ni  les  profils.  On  utilise  comme  fondation 
les  vieux  macadams  qui  les  recouvrent  en  les  61argissant  a 
18  ou  20  pieds.  Cette  fondation  est  ensuite  recouverte  d'un 
revetement  bitumineux  genre  "low  cost." 

Le  reseau  de  I'etat  a  une  longueur  totale  de  14,000 
milles  de  grandes  routes,  entretenues  au  cotit  de  8  millions 
par  annee.  La  depense  de  refection  ou  de  reconstruction 
se  chiffre  a  35  millions  par  annee.  Ces  montants  repre- 
sentent  environ  la  moiti6  des  revenus  annuels  des  v^hicules 
automobiles  qui  s'61event  a  environ  85  millions. 

Laissons  la,  si  vous  le  voulez  bien,  ces  gros  chiffres  et 
revenons  dans  notre  pays.  La  modeste  histoire  de  notre 
voirie  provinciale  n'est  pas  sans  interets.  Les  developpe- 
ments  atteints  et  les  "standards"  etablis  pour  le  reamena- 
gement  de  nos  grandes  routes  sont  les  fruits  d'un  travail  per- 
severant  et  d'efforts  soutenus  durant  plusieurs  annees. 

II  y  a  quelque  quinze  ans,  on  trouvait  fort  extravagant 
les  quelques  terrassements  que  nous  faisions  pour  corriger 
les  profils.  Quant  aux  alignements  et  courbes,  il  fallait  se 
contenter  de  I'espace  compris  entre  les  clotures. 

Cependant,  a  mesure  que  les  automobiles  et  les  camions 
penetraient  dans  les  milieux  ruraux,  la  mentalite  de  nos 
populations  6voluait  dans  le  sens  du  progres  et  les  proprie- 
taires  de  vehicules  automobiles  se  faisaient  nos  coUabora- 
teurs  sur  ce  point.  Leurs  suggestions  ont  parfois  depasse 
la  maniere  de  voir  des  ingenieurs  sur  I'elargissement,  le 
redressement  et  le  reprofilage  des  routes.  Les  clubs  d'auto- 
mobilistes  ont  aussi  agi  dans  le  meme  sens,  mais  leurs 
observations  et  suggestions  sont  presque  toujours  d'un 
caractere  general  et  plutot  vague.  Les  autres  corps  publics, 
chambres  de  commerce,  et  corporations  municipales,  gran- 
des et  petites,  ne  semblent  pas  s'etre  interess^s  considerable- 
ment  aux  questions  d'ameliorations  modernes  des  routes. 
Les  conseils  municipaux  des  campagnes  font  bien  des  repre- 
sentations pour  obtenir  dans  leurs  limites  des  ameliorations 
sans  beaucoup  d'envergure,  a  I'ancienne  fagon  et  en  fonc- 
tions  des  interets  purement  locaux.  Et,  il  faut  le  dire,  sou- 
vent  en  opposition  avec  I'interet  public  et  les  projets  des 
ingenieurs,  surtout  lorsqu'il  s'agit  de  changement  de  traces. 

Evidemment,  I'exemple  des  pays  voisins  a  fait  beau- 
coup  pour  amener  I'opinion  publique  a  accepter  les  condi- 
tions nouvelles  et  a  ne  pas  se  scandaliser  des  "standards" 
proposes  par  les  ingenieurs. 

C'etait  I'automobile  qui  transformait  les  idees  avant 
de  transformer  les  routes.  Force  nous  est  d'admettre  que 
dans  de  telles  conditions,  nous  suivons  nos  voisins  au  lieu 
de  les  preceder  ou  de  marcher  de  front  avec  eux.  A  tout 
prendre  c'est  peut-etre  aussi  bien  qu'il  en  soit  ainsi  au 
moins  pour  quelque  temps.  Nous  savons  combien  il  est 
difficile  de  prevoir  avec  quelques  precisions  le  developpe- 
ment  des  problemes  de  voirie  et  du  transport  routier  en 
general,  pour  saisir  la  necessite  qu'il  y  a  d'avancer  prudem- 
ment  sur  ce  terrain.  Les  ressources  tres  limitees  de  notre 
province,  comparativement  aux  etats  de  I'union  americaine, 
les  rigueurs  de  notre  climat  qui  paralysent  la  circulation 
routiere  durant  quatre  ou  cinq  mois  de  I'annee  en  reduisant 
d'autant  le  rendement  de  nos  routes  et  leur  valeur  econo- 


mique,  sont  des  faits  qu'il  ne  faut  pas  perdre  de  vue  dans 
I'etude  de  nos  problemes  de  voirie.  L'important,  c'est  de 
prevoir  suffisamment  les  besoins  futurs  du  trafic  routier  pour 
etablir  nos  plans  et  marcher  sur  les  donnfes  qui  ne  nous 
obligeront  pas  a  des  demolitions  ruineuses  lorsque  le  moment 
sera  venu  de  recourir  a  des  nouveaux  revetements  de  surface 
et  a  des  pavages  plus  forts  et  plus  dispendieux.  II  imports 
done  d'^tudier  soigneusement  les  traces  et  les  profils  et 
d'etablir  I'assiette  des  routes  en  rapport  avec  les  besoins 


Fig. 


2     Province  de  Quebec  Route   11a — Montreal-St-Agathe. 
Pres  de  Ste-Rose. 


du  trafic  pour  une  periode  de  temps  donnee,  en  se  basant 
sur  les  probabilit^s  de  developpement  de  la  circulation  rou- 
tiere. C'est  la  que  se  trouve  le  point  critique.  Ou  vont 
s'arreter  la  vitesse,  les  dimensions  et  le  poids  des  convois, 
et  surtout  I'accaparement  du  transport  de  toute  sorte  par 
I'automobile,  le  camion  et  I'autobus?  Les  ingenieurs  de 
tous  pays  se  fatiguent  les  meninges  a  trouver  une  solution 
rationnelle  a  ce  probleme!  En  fait  sur  la  question  des  traces 
et  des  p'-ofils,  il  n'y  a  pas  de  differences  considerables  entre 
nos  devis  et  ceux  des  etats  americains. 

Notre  reseau  de  grandes  routes  d'une  longueur  totale 
de  5,585  milles  est  divise  pour  fin  de  reconstruction  en 
quatre  classes  —  Nos  "standards"  pour  chaque  classe  fixe 
la  largeur  entre  cloture  ou  largeur  d'emprise,  la  largeur 
entre  fosses  ou  largeur  de  la  plate-forme,  largeur  du  pavage, 
rayon  de  courbure  minimum,  et  distance  de  visibilite,  tant 
dans  les  courbes  verticales  que  dans  les  courbes  horizon- 
tales.  Nous  n'avons  pas  de  rampes  maxima,  mais  nous 
tachons  de  ne  pas  depasser  sept  pour  cent,  sauf  dans  les 
regions  de  montagnes  ou  nous  admettons  des  rampes  beau- 
coup  plus  fortes.  Le  devers  de  la  plate-forme  dans  les 
virages  est  le  meme  pour  toutes  les  classes  et  varie  en 
proportion  du  degre  de  courbure,  a  partir  de  2°.  II  augmente 
de  }/s  de  pouce  pour  chaque  degre  de  courbure  additionnel 
jusqu'a  9°  ou  il  est  de  1"  par  pied  de  largeur  de  chaussee. 
C'est  le  devers  maximum  qu'on  applique  a  toute  courbe 
au-dela  de  9°. 


I'  autoroute 


Voie  laterale 
de  <<es«erte 


Terre. 


Fig.  3^ — Profil  Type  de  I'Autoroute  du  Sud.    Banlieue  de  Paris. 
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Le  degre  de  courbure  maximum  est  de  ll°-30'  corres- 
pondant  a  un  rayon  de  500  pieds.  II  s'applique  aux  classes 
C  et  D,  qui  comprennent  les  routes  de  moindre  importance. 
Pour  les  classes  A  et  B,  qui  constituent  nos  grandes  arteres, 
les  degres  maximum  de  courbure  sont  respectivement  de 
6°  et  8°  et  la  distance  de  visibilite  de  500  pieds.  La  lon- 
gueur maximum  des  courbes  verticales  et  horizontales  est 
de  500  pieds. 

La  largeur  de  la  chauss^e  varie  de  18  pieds  a  30  pieds, 
et  la  largeur  d'emprise  de  50  pieds  a  90  pieds. 

Durant  les  dernieres  ann^es  nous  avons  reconstruit  sur 
ces  donnees  environ  103  milles  de  routes. 


ig.  4 


Province  de  Quebec  Route  4 — Montreal-Malone. 
Pres  de  Montreal. 


Notre  climat  avec  ses  pluies  abondantes  I'automne,  et 
ses  fortes  gelees  I'hiver,  introduit  dans  nos  problemes  rou- 
tiers  des  difficultes  qu'on  trouve  rarement  ailleurs. 

Apres  de  nombreuses  experiences  et  de  longues  obser- 
vations nous  avons  trouve  que  le  meilleur  remede  contre 
les  dommages  causes  par  la  gel^e  est  un  coussin  de  sable 
place  en-dessous  de  la  fondation.  La  plupart  de  nos  der- 
nieres constructions  sont  faites  d'apres  cette  methode. 

Les  fondations  sont  faites  en  pierre  ou  en  gravier  et 
quelquefois  une  combinaison  des  deux.  Une  couche  de 
gravier  de  12"  durcie  ou  10"  de  pierre  roulee  et  partielle- 
ment  liee  constitue  une  fondation  suffisante  pour  les  charges 
admises  a  circuler  sur  nos  routes.  La  vieille  methode  du 
macadam  a  I'eau  comme  revetement  de  surface  est  aban- 
donnee.  On  se  contente  de  faire  durer  autant  que  possible 
les  surfaces  macadamisees  en  les  recouvrant  p^riodiquement 
de  tapis  bitumineux.  Les  revetements  modemes  sont  en 
macadam  bitumineux,  b^ton  bitumineux  ou  beton  de  qi- 
ment.  Nous  avons  commence  recemment  un  genre  de  reve- 
tement mince  de  goudron,  sur  les  surfaces  gravel^es.  C'est 
une  mesure  temporaire  pour  faire  disparaitre  la  poussiere 
durant  I'^t^  et  empecher  la  boue  de  se  former  a  la  surface 
durant  la  periode  pluvieuse  de  I'automne.  Ce  mode  de 
revetement,  peu  dispendieux,  a  en  outre  I'avantage  de 
supprimer  les  apports  de  gravier  continuels  qu'il  faut  faire 
pour  maintenir  les  surfaces  gravel^es  en  bon  ordre,  et  de 
ce  fait,  nous  dispensera  dans  un  avenir  prochain  d'une 
quantity  considerable  de  machineries  employees  actuelle- 
ment  au  grattage  et  au  transport  des  materiaux  de  rechar- 
gement.  Elle  supprimera  egalement,  en  attendant  qu'on 
puisse  construire  des  pavages  plus  durables,  un  danger 
d'un  nouveau  genre  occasionn6  par  les  petites  pierres  volan- 
tes  du  gravier  concass6. 

Les  revetements  bitumineux  qu'on  a  appel6  perma- 
nents  ou  semi-permanents,  mais  qui  n'ont  rien  de  perma- 
nent, varient  en  ^paisseur  de  2"  a  4".  lis  comprennent 
lo.  —  Les  macadams  bitumineux  formes  d'une  couche  de 
pierre  de  4"  d'^paisseur  qu'on  enrobe  par  simple  penetra- 


tion d'un  liant  bitumineux  quelconque.  2o.  —  Les  batons 
bitumineux  qu'on  nomme  ainsi  par  analogic  avec  les  batons 
de  ciment  hydrauliques,  parce  que  le  melange  des  agr^gats 
et  des  ciments  bitumineux  se  fait  mecaniquement. 

II  y  a  un  nombre  considerable  de  types,  dont  la  plupart 
sont  brevetes  dans  notre  pays.  Par  ordre  d'anciennete  on 
les  nomme:  Amiesite,  Macurban,  Colprovia,  Creomix,  Mac- 
asphalt,  Coldsphalt,  et  comme  Benjamin  de  cette  famille, 
le  Gecomac  qui  a  fait  son  apparition  I'ete  dernier. 

Tons  ces  produits  ont  ete  generalement  appliques  pour 
des  revetements  de  4"  d'epaisseur.  On  a  vite  constate 
cependant  qu'ils  etaient  trop  dispendieux  pour  le  pavage 
des  chemins  ruraux,  et  aujourd'hui  on  adopte  un  peu  par- 
tout  des  types  de  pavage  dits  economiques  (low  cost),  de 
2"  a  3"  d'epaisseur  tels  que  le  "retread,"  pierre  et  bitume 
melanges  sur  le  chemin,  le  "gravel  mulch",  melange  de 
gravier  et  bitume,  et  d'autres  types  de  melanges  k  pour- 
centage  reduits  de  liant  bitumineux  qui  ne  coMent  pas 
beaucoup  plus  cher  que  les  anciens  macadams,  et  qui  don- 
nent  de  tres  bons  resultats  sous  un  trafic  moyen. 

Enfin  ce  sont  les  pavages  en  beton  de  ciment  hydrau- 
lique  qui  sont  les  seuls  k  peu  pres  permanents  et  encore 
faut-il  qu'ils  soient  faits  avec  les  meilleurs  materiaux,  et 
d'apres  les  methodes  modernes  de  fabrication  du  beton. 
Nous  pouvons  dire  sans  exageration  que  ces  nouvelles 
methodes  ont  augmente  de  100  pour  cent  la  valeur  des  pavages 
en  beton.  Je  ne  tenterai  pas  de  decrire  ces  methodes. 
J'indiquerai  toutefois  les  points  saillants  des  recents  per- 
fectionnements  dans  ce  domaine.  Le  controle  de  la  qualite 
des  materiaux  et  des  travaux  se  fait  entierement  sur  place 
et  tous  les  essais  sont  faits  dans  un  laboratoire  temporaire 
etabli  sur  le  chantier.  Dans  ce  laboratoire  tous  les  mate- 
rieux  sont  soumis  a  I'analyse  et  aux  epreuves  ordinaires, 
granulometrie,  contenu  d'humidite,  pourcentage  de  terre  ou 
de  matieres  vegetales  dans  les  sables;  resistance  a  la  trac- 
tion et  a  la  tension  ainsi  que  le  dosage  des  materieux  base 
sur  la  granulometrie.  Le  laboratoire  est  muni  des  instru- 
ments et  appareils  modernes,  tels  que  la  presse  pneuma- 
tique  d'une  capacite  de  100,000  livres  pour  briser  les 
cylindres  dans  les  essais  a  la  compression,  I'appareil  pour 
casser  les  briquettes  et  I'appareil  pour  casser  les  poutres, 
balance  de  precision,  secheur,  bain  pour  le  curing,  etc. 
Sur  le  chantier,  le  dosage  des  materiaux  se  fait  par  balances 
automatiques  pour  le  sable,  la  pierre  et  I'eau.  Ces  balances 
sont  surveiliees  par  un  employe  du  gouvemement  et  ajus- 
tees  aussi  souvent  qu'il  est  necessaire  selon  la  graduation 
de  la  pierre,  la  granulometrie  du  sable  et  son  contenu 
d'humidite. 

La  rupture  des  cylindres  est  faite  h  sept  jours  et  a  vingt- 
huit  jours.  Pour  le  "curing"  on  procede  encore  d'apres  I'an- 
cienne  methode  de  recouvrement  et  d'arrosages  repetes. 
La  methode  qui  consiste  a  appliquer  du  chlorure  de  cal- 
cium a  la  surface  pour  capter  I'humidite  de  I'air  ne  semble 
pas  devoir  se  generaliser.  Par  contre  I'application  d'une 
huile  asphaltique  legere  apres  la  prise  du  beton  pour 
retenir  I'humidite  dans  la  masse,  prend  de  la  vogue  aux 
Etats-Unis  depuis  une  couple  d'annees.  L'usage  des  for- 
mes en  acier  et  I'appareil  a  comprimer  (qui  supprime  le 
dommage)  permet  d'obtenir  un  profil  parfait  et  une  com- 
pacite  du  beton  tres  remarquable,  sans  danger  de  segrega- 
tion des  materiaux.  Des  gabarits  metalliques  tres  rigides 
que  Ton  fait  mouvoir  sur  les  coffrages  en  acier  assurent  la 
regularite  de  I'infrastructure.  Malgre  ces  precautions, 
I'epaisseur  du  pavage  est  verifiee  apres  coup  en  mesurant 
les  carottes  obtenues  en  pergant  le  pavage  avec  une  foreuse 
speciale.  Des  joints  transversaux  et  longitudinaux  sont 
menages  au  besoin  pour  tenir  compte  des  retraits  et  expan- 
sions dus  aux  ecarts  de  temperature. 

La  tendance  actuelle  est  d'armer  tous  les  pavages  en 
beton  et  sur  ce  point  les  devis  sont  varies  sans  limites. 
Les  uns  placent  I'armature  pres  du  fond,  les  autres,  pres 
de  la  surface.  Le  poids  par  cent  pieds  carres  se  tient  k  peu 
pres  entre  40  livres  et  82jivres. 
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Nous  avons  actuellement  16,000  milles  de  chemin 
am^lior^s  dont  5,585  milles  classes  comme  grandes  routes. 
Inutile  de  dire  que  ces  grandes  routes  ne  sont  pas  toutes 
des  routes  modernes.  Tous  ces  chemins  am^lior^s  sont 
entretenus  exclusivement  par  le  departement  de  la  voirie 
au  coM  d'environ  33^  millions  par  annee. 

Nous  avons  dans  la  province  de  Quebec,  174  milles  de 
macadam  bitumineux,  586  milles  de  pavage  en  b^ton  bitu- 
mineux  et  179  milles  de  pavage  en  b^ton  de  ciment.  Le 
cotlt  de  ces  pavages  est  de  I'ordre  de  $20,000  du  mille, 
et,  si  on  ajoute  les  fondations,  les  travaux  preliminaires  et 
les  acquisitions  de  terrain,  nous  arrivons  a  environ  $40,- 
000    du    mille.      L'introduction    des    pavages   genre    "low 


cost"  nous  permettra  de  r^duire  ce  cotlt  d'environ  $12,000 
du  mille,  tout  en  conservant  un  revetement  de  surface 
capable  de  porter  un  trafic  moyen  d'une  fagon  satisfaisante. 
Cependant,  a  cause  de  la  grande  longueur  de  notre  r^seau, 
nous  ne  pouvons  esperer  de  paver,  meme  avec  ce  systeme 
de  pavage  economique,  la  plupart  des  routes  dans  quelques 
ann^es,  c'est  pourquoi  nous  avons  entrepris  un  programme 
de  revetements  minces  de  I'ordre  de  $2,000  du  mille  qui 
pourra  s'executer  a  I'allure  de  250  milles  par  ann6e. 

Nous  esperons  ainsi,  tout  en  continuant  notre  pro- 
gramme de  pavage,  donner  a  nos  automobilistes  et  aux 
touristes  etrangers,  des  routes  propres  et  sans  poussiere 
dans  un  avenir  rapproche. 


The  Modern  Highway 

With  Notes  on  the  Highway  System  of  the  Province  of  Quebec 

Alphonse  Paradis,  M.E.I.C., 
Chief  Engineer,  Department  of  Highways,  Quebec,  Que. 

Paper  presented  before  the  Quebec  Branch  of  The  Engineering  Institute  of  Canada,  February  18th,  1935. 

(Translation) 


Means  of  communication  and  methods  of  transporta- 
tion, like  many  other  things,  have  become  adapted  to  the 
requirements  of  the  times.  Since  the  early  days  of  two- 
wheel  carts  drawn  by  half-wild  oxen,  and  galleys  propelled 
by  two  tiers  of  oars,  the  world  has  seen  successively  the 
eras  of  the  horse-drawn  carriage,  the  stage  coach  and  the 
omnibus,  the  sailing  vessel,  the  steamship,  the  railway,  the 
electric  tramway  and  finally  the  day  of  the  automobile  and 
the  aeroplane. 

The  steam  engine  was  the  marvel  of  its  age.  Its 
appearance  aroused  activity  in  hundreds  of  brains,  whose 
ingenuity  was  taxed  not  only  to  perfect  it,  but  also  more 
especially  to  apply  it  to  transportation  by  the  aid  of 
auxiliary  inventions  like  the  screw  steamer  and  the  railway 
locomotive.  Continents  were  covered  by  a  netwark  of 
railways,  and  the  seas  dotted  with  ships  ever  becoming 
larger  and  faster.  On  land  this  was  the  golden  age  of  the 
locomotive  and  railway.  The  great  railway  companies 
ruled  like  emperors  in  the  world  of  transportation.  Finally, 
one  small  incident,  the  invention  of  the  internal  combustion 
engine,  caused  the  collapse  of  this  mighty  empire. 

Thousands  of  cars  lying  idle  on  disused  tracks,  hundreds 
of  locomotives  encumbering  the  neighbourhood  of  railway 
shops,  repeated  attempts  by  the  companies  to  sell  to 
various  government  departments  or  highway  commissions 
the  railway  systems  which  they  are  anxious  to  abandon, 
old  rails,  half  covered  with  asphalt  which  may  still  be  seen 
in  the  streets  of  small  towns,  like  relics  of  a  former  age,  all 
constitute  irrefutable  evidence  of  the  revolution  which  has 
taken  place  in  the  domain  of  transportation  during  the 
last  twenty  years. 

At  first  it  was  thought  that  the  gasoline  motor  would 
merely  serve  to  fill  a  gap  in  the  then  estabhshed  systems 
of  transportation.  Its  lightness  and  adaptability  to  small 
vehicles  clearly  indicated  it  as  a  means  of  propulsion  for 
rapid  transport  over  short  distances.  It  was  to  form  a 
twig  of  the  big  tree  of  which  the  heavy  steam  train  con- 
stituted the  rigid  trunk  and  the  main  branches.  But  no — 
it  has  proved  to  be  a  fast-growing  child,  which  is  already 
freeing  itself  from  the  tutelage  which  was  to  hold  it  in- 
definitely in  subjection.  It  has  become  a  tree  itself.  It 
has  brought  about  a  system  of  land  transportation  in- 
dependent of  all  others,  to  say  nothing  of  its  younger 
brother,  the  aeroplane.  Motor  trains  now  operate  twenty- 
four  hours  a  day  and  twelve  months  of  the  year  on  many 
of  our  roads.  Motor  trains  of  to-day  weigh  60,000  pounds, 
and  have  a  flexibility  which  gives  them  the  advantage  of 
carrying  supplies  right  up  to  the  purchaser's  door. 


What  does  the  future  hold  in  store  ?  A  survey  of  the 
past  and  present  conditions  will  indicate  this.  For  the 
past  thirty  years  we  have  been  improving  roads.  Some 
of  them  have  been  built  twice  during  this  period,  and  how 
insignificant  the  old  roads  appear  beside  modern  highways. 
Roads  which  were  the  delight  of  travellers  in  their  day 
have  now  become  a  subject  for  criticism  or  laughter. 
People  grumble  about  dusty  roads  without  thinking  that 
our  early  highways  did  not  allow  of  sufficient  speed  to 
raise  dust.  Ten  years  ago  our  Highway  Department's 
report  bestowed  on  Quebec  the  imposing  title  of  "The 
Good  Roads  Province."  But  see  how  these  "good  roads" 
of  early  days  compare  with  the  auto-roads  which  have 
been  constructed  in  Europe  and  the  super-highways  to  be 
seen  in  the  United  States.  It  is  sufficient  to  read  foreign 
publications  and  the  reports  of  highway  congresses,  to 
note  that  in  all  countries  in  Europe  as  well  as  in  America, 
methods  of  construction  and  conceptions  serving  as  bases 
for  standards  are  short  lived. 

Schemes  of  any  importance  are  often  so  modified  and 
remodelled  during  the  course  of  their  execution  as  to  be 
hardly  recognizable.  Many  highway  engineers  have  seen 
their  illusions  vanish,  when,  after  lengthy  and  painstaking 
work,  they  believed  that  they  had  accomplished  something 
permanent  in  the  preparation  of  general  specifications  for 
highway  construction. 

If  we  ask  for  copies  of  highway  specifications  from 
various  states,  they  inform  us  that  they  are  "under  re- 
vision." Authors  who  have  striven  to  establish  fundamental 
rules  and  draw  up  general  directions  based  on  agreements 
adopted  by  international  congresses  for  highway  construc- 
tion, see  themselves  continually  obliged  to  revise  their  work. 

Europe,  the  acknowledged  home  of  science  and  civiliza- 
tion, is  like  the  younger  countries  of  America,  in  the  midst 
of  a  period  of  development  and  experimentation  in  this 
domain.  It  is  most  interesting  to  note  that  the  older 
countries  are  facing  the  same  problems  and  the  same 
difficulties  that  we  have  to  confront  in  this  province.  The 
question  of  non-skid  surfaces  has  been  studied  but  not  yet 
solved.  Nothing  has  been  decided  as  to  the  most  advantag- 
eous asphaltic  compounds,  or  as  to  the  possibility  of 
successfully  emulsifying  tars,  a  matter  which  would  possess 
considerable  advantage  for  a  country  like  England.  Pro- 
posed changes  of  location  for  widening  and  straightening 
highways,  within  reasonable  limits  of  expenditure,  while 
avoiding  the  congestion  of  small  towns  and  villages,  meet 
with  objections  in  Europe,  just  as  they  do  in  the  province 
of  Quebec. 
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Important  changes  were  made  recently  in  France  in 
the  laws  governing  the  procedure  for  expropriation,  removal 
of  buildings,  and  payment  of  damages,  with  the  object  of 
simplifying  present  procedure  and  lowering  the  cost  of 
constructing  highways  on  new  locations. 

Nevertheless,  the  study  of  all  these  problems  has  not 
prevented  Europe  from  forging  ahead.  Italy's  "auto 
strade"  and  the  "auto  routes"  in  France  and  Germany 
rival  the  super-highways  of  the  United  States.  These 
great  modern  arteries  are  exclusively  reserved  for  motor 
vehicles,  with  no  speed  limits.  Level  crossings  have  been 
eliminated  by  overhead  or  underground  passages  and  junc- 
tions with  no  left  turn,  or  improved  by  means  of  circular 
intersections,  which  the  Americans  call  "traffic  circles,"  so 
as  to  reduce  the  danger  of  accidents. 

A  system  of  auto  roads  for  the  exits  from  Paris,  now 
contemplated,  will  consist  of  five  great  arteries  connected 
by  a  belt  highway  encircling  the  city  at  a  distance  of 
twelve  miles  from  the  centre,  and  the  author  of  an  article 
in  the  "Revue  Generale  des  Routes"  who  gives  a  general 
description  of  this  immense  scheme,  remarks  that  "Paris 
will  at  last  have  suitable  exits,"  just  as  we  might  say, 
if  our  projects  are  carried  through  "Quebec  will  soon  have 
exits  worthy  of  a  great  city." 

The  programme  of  auto-routes  on  the  outskirts  of  Paris 
embodies  ultra-modern  data: — grades  not  more  than  5  per 
cent,  curves  with  a  radius  of  3,300  feet,  right-of-way  of 
between  215  and  330  feet,  with  double  roadway,  for  one- 
way traffic,  each  roadway  being  30  feet  wide,  flanked  by 
a  lateral  service  roadway,  also  30  feet  wide.  The  three 
roadways  will  be  separated  by  platforms  planted  with  trees 
and  shrubs.  The  pavement  will  be  cement  concrete,  blocks, 
or  asphalt  concrete  of  a  high  type,  the  most  suitable  to 
stand  up  under  heavy  traffic.  There  will  be  no  level 
crossings  of  any  kind  on  these  roads,  and  the  few  junc- 
tions will  be  on  the  grade  separation  system.  They  will 
be  brilliantly  lighted. 

The  three  main  arteries  of  this  network  will  have  a 
total  length  of  45  miles,  and  will  cost  500,000,000  francs. 

It  will  thus  easily  be  seen  that  if  France  was  preceded 
by  Italy,  with  its  "auto-strade,"  it  is  determined  to  regain 
the  lost  ground.  Actually  both  England  and  Germany  are 
progressing  along  the  same  lines  for  the  development  of 
their  highway  systems. 

If  we  recross  the  ocean,  to  see  what  is  going  on  among 
our  closest  neighbours,  we  find  that  super-highways  have 
been  an  accomplished  fact  for  several  years,  and  that 
recent  American  exploits  in  this  domain  definitely  surpass 
the  most  remarkable  achievements  in  Europe.  Those  hav- 
ing an  opportunity  should  visit  the  latest  achievements  of 
the  state  of  New  Jersey  for  the  exits  from  New  York  to 
the  west.  The  approach  to  the  Holland  Tunnel  is  a  colossal 
monument  which  amazes  visitors,  if  not  by  its  beauty,  at 
least  by  its  size.  The  ingenious  methods  of  effecting 
junctions  with  transverse  roads  and  the  imposing  dimen- 
sions of  the  elevated  roadway,  which  extends  for  miles, 
by-passing  the  city  of  Newark,  and  passing  over  a  multitude 
of  railways,  make  it  a  masterpiece  of  its  kind. 

The  approach  to  the  George  Washington  bridge  is  an- 
other amazing  production  of  American  genius.  This  bridge 
handles  traffic  from  four  main  arteries  leading  from  the 
north,  the  south  and  the  west,  to  provide  access  to  New 
York  for  the  majority  of  some  two  hundred  thousand 
people  who  enter  and  leave  the  city  each  day,  without 
counting  local  traffic. 

A  remarkable  feature  of  the  New  Jersey  highway 
system  is  the  variety  of  types  of  intersection.  Each  case 
seems  to  be  a  special  problem,  often  quite  complicated. 
There  are  no  level  crossings  on  any  of  the  main  arteries, 
and  the  types  of  intersection  vary  not  only  according  to 
the  importance  of  the  highway,  but  also  according  to  the 
topography  of  the  district.  The  circular  intersection, 
known  as  the  "traffic  circle,"  is  the  simplest  and  most 


economical.  All  cars  entering  the  circle  turn  to  the  right. 
This  means  that  traffic  in  the  circle  itself  is  always  turning 
to  the  left,  and  is  one-way  traffic.  This  system,  while  it 
has  the  inconvenience  of  slowing  up  traffic,  practically 
eliminates  all  danger  of  collision.  There  are,  however, 
accidents  now  and  then  when  vehicles  crash  into  the  island 
in  the  centre  of  the  circle. 

The  "clover  leaf"  type  of  intersection  seems  to  have 
become  a  standard,  but  it  is  not  frequently  employed, 
owing  to  its  excessive  cost  and  the  large  space  required 
to  establish  it.  It  permits  of  crossing  the  intersection  at 
full  speed.  Turning  to  the  right  from  one  road  to  another 
is  simple,  but  turning  to  the  left  necessitates  first  turning 
to  the  right,  then  making  a  complete  circle  and  passing 
from  low  level  to  high  level,  or  vice-versa.  It  is  also 
remarkable  that  certain  intersections  fail  to  provide  any 
connection  between  two  roads,  while  others  allow  for  a 
one-way  turn  only.  Have  our  American  friends  formulae, 
based  on  the  intensity  of  traffic,  to  determine  what  is  to 
be  done  in  each  case  ?  This  would  not  be  surprising  if 
one  considers  the  army  of  engineers  employed.  In  the 
state  of  New  York  alone  there  are  eleven  hundred  engineers 
for  the  Highways  and  Canals  Service. 

Wayne  county,  in  the  state  of  Michigan,  also  has  a 
very  advanced  system  of  super-highways.  Main  arteries 
which  radiate  in  straight  lines  from  the  city  of  Detroit, 
can  accommodate  enormous  traffic,  probably  much  more 
than  they  are  called  upon  to  handle  at  present.  The  right- 
of-way  on  these  highways  is  204  feet  wide.  The  roadway 
consists  of  two  concrete  lanes,  each  between  30  and  40 
feet  wide,  separated  by  a  platform  about  75  feet  wide, 
planted  with  ornamental  shrubs.  Intersections  are  of  the 
grade  separation  type.  The  double  roadways  necessitate 
two  bridges  at  each  intersection  and  the  masses  of  concrete 
which  form  these  works  are  enormous.  The  country  being 
flat,  all  railway  crossings  are  overhead. 

A  tour  of  inspection  of  highways  in  the  state  of  New 
York,  carried  out  last  summer,  in  company  with  the  chief 
officers  of  the  Highways  Commission,  enabled  us  again  to 


Fig.  5 — Intersection  of  Route  Carrying  Traffic  for  George 
Washington  Bridge  and  Teaneck  Road,  Teaneck,  N.J. 

appreciate  the  practical  spirit  of  the  Americans,  who, 
despite  their  wealth,  know  how  to  get  full  value  for  each 
dollar  employed  in  construction.  Their  workmanship  is 
undoubtedly  superior  to  our  own,  whether  from  the  view- 
point of  the  skill  or  the  speed  shown  in  the  execution  of 
their  work. 

The  construction  of  a  first-class  highway  to  reach  the 
top  of  Whiteface  mountain,  near  lake  Placid,  now  nearly 
completed,  is  an  undertaking  worthy  of  their  New  Jersey 
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rivals,  not  so  much  on  account  of  its  extent  as  of  its  special 
character  and  the  imagination  which  seems  to  have  inspired 
it.  This  highway  is  nine  miles  long,  has  a  grade  varying 
from  4  per  cent  at  the  bottom  to  10  per  cent  at  the  top, 
and  its  sole  object  is  to  reach  an  observation  point  4,600 
feet  high,  from  which  there  is  a  magnificent  panorama  of 
lakes  and  mountains.  This  highway  will  cost  a  million 
dollars.  It  is  being  constructed  with  funds  subscribed  for 
the  erection  of  a  monument  to  war  veterans.  For  about 
one-half  of  its  length  it  is  cut  in  solid  rock  on  a  side  hill, 
with  a  retaining  wall  as  high  as  eighty  feet  in  some  places, 
and  of  heavy  masonry.  The  road  includes  remarkable 
bends,  one  of  which,  known  as  the  hairpin  turn,  affords 
a  view  of  the  road  one  hundred  feet  below,  and  a  hundred 
feet  away  horizontally. 

In  New  York  state,  in  general,  the  main  highways 
that  are  being  reconstructed  are  laid  out  anew  with  profiles 
and  curves  of  a  much  higher  standard  than  those  of  the 
old  roads.  The  width  of  the  new  pavements  in  open  country 
varies  between  20  and  30  feet,  and  the  surface  is  of  reinforced 
concrete. 

Second  class  roads  are  improved  without  changing  their 
location.  Old  macadams  are  used  as  foundations  and  the 
pavements  widened  to  18  or  20  feet.  This  foundation  is 
then  covered  with  a  low  cost  bituminous  pavement. 

The  state  highway  system  has  a  total  length  of  14,000 
miles  of  main  highways,  maintained  at  a  cost  of  $8,000,000 
per  year.  Resurfacing  and  reconstruction  expenditures 
amount  to  $35,000,000  per  year.  These  amounts  represent 
approximately  one-half  of  the  annual  revenue  from  auto- 
mobiles, which  is  about  $85,000,000. 

Let  us  leave  these  huge  figures  and  return  to  our  own 
country.  The  modest  history  of  our  provincial  highways 
system  is  not  without  interest.  Developments  attained  and 
standards  established  for  the  improvement  of  our  main 
highways  are  the  result  of  persevering  work  and  sustained 
efforts  during  a  number  of  years. 

Some  fifteen  years  ago,  the  few  embankments  made 
to  improve  the  profiles  of  our  roads  were  found  rather 
extravagant,  while  as  regards  alignments  and  curves,  we 
had  to  be  satisfied  with  the  space  between  fences. 

However,  as  automobiles  and  trucks  penetrated  rural 
districts,  the  mentality  of  our  population  broadened,  and 
automobile  owners  collaborated  with  us  on  this  point. 
Their  suggestions  were  sometimes  ahead  of  the  views  enter- 
tained by  engineers  on  widening,  straightening  and  re- 
aligning roads.  Automobile  clubs  also  were  active  along 
the  same  lines,  but  their  observations  and  suggestions  are 
nearly  always  general  in  character  and  somewhat  vague. 
Other  public  bodies,  chambers  of  commerce,  and  municipal 
corporations,  both  large  and  small,  do  not  seem  to  have 
been  greatly  interested  in  the  question  of  modern  improve- 
ments on  highways.  Municipal  councils  in  country  districts 
generally  ask  for  improvements  within  their  own  limits, 
but  usually  disregard  the  general  public  interest.  They 
often  oppose  the  plans  of  engineers,  especially  when  a 
change  in  alignment  is  proposed. 

The  example  of  neighbouring  countries  has  evidently 
done  much  to  induce  public  opinion  to  accept  the  new 
conditions  and  the  standards  proposed  by  engineers. 

The  automobile  transformed  ideas  before  transform- 
ing highways.  It  must  be  admitted  that,  under  these 
conditions,  we  are  not  leading  nor  even  keeping  pace  with 
our  neighbours.  On  the  whole,  it  is  just  as  well  that  this 
be  so,  at  least  for  a  while.  Knowing  how  difficult  it  is  to 
foresee  with  any  great  precision  the  development  of  high- 
way problems  and  of  road  transportation  in  general,  we 
realize  the  necessity  of  advancing  cautiously  in  this  field. 
The  resources  of  this  province,  very  limited  when  compared 
to  those  of  the  states  in  the  Union,  the  severity  of  our 


climate,  which  paralyses  highway  traffic  for  four  or  five 
months  of  each  year,  thus  greatly  reducing  the  efficiency 
of  our  highways  and  their  economic  value,  are  facts  that 
must  not  be  lost  sight  of  in  studying  our  highway  problems. 
The  important  point  is  to  foresee  the  future  requirements 
of  highway  traffic  so  as  to  formulate  our  plans  and  proceed 
along  lines  which  will  not  lead  to  ruinous  demolitions  when 
the  time  comes  for  new  and  more  costly  pavements.  It  is 
thus  important  that  locations  and  profiles  be  carefully 
studied,  and  that  the  highway  system  be  established 
according  to  traffic  requirements  for  a  stated  period,  by 
estimating  the  probabilities  of  development  in  highway 
traffic.  There  lies  the  question  mark  of  the  whole  situa- 
tion. Where  is  the  limit  to  the  increase  of  the  speed,  size 
and  weight  of  vehicles,  and  especially  the  monopolization 
of  transportation  of  all  kinds  by  the  automobile,  truck  and 
autobus  ?  Engineers  in  all  countries  are  looking  for  a  rational 
solution  to  this  problem,  and  the  results  obtained  to  date 
run  along  the  same  lines.  As  a  matter  of  fact,  there  is 
very  little  difference  between  our  specifications  and  those 
of  the  American  states,  as  regards  plans  and  profiles. 

Our  main  highway  system,  with  a  total  length  of 
5,585  miles,  is  divided  for  construction  purposes  into  four 
classes.  Our  standards  for  each  class  determine  the  width 
between  fences  or  right-of-way,  the  width  between  ditches 
or  width  of  the  subgrade,  and  the  width  of  paving,  the 
minimum  radius  of  curves,  and  the  distance  for  visibility, 
both  as  regards  horizontal  and  vertical  curves.  We  have 
no  maximum  grade,  but  we  endeavour  not  to  exceed  seven 
per  cent,  except  in  mountainous  regions,  where  steeper 
grades  are  used.  The  banking  of  the  surface  at  curves  is 
the  same  for  all  classes  and  is  proportionate  to  the  degree 
of  curvature.  Starting  at  2  degrees,  it  increases  ]/^  inch 
for  each  additional  degree  of  curvature  up  to  9  degrees, 
where  it  is  one  inch  per  foot  of  width  of  pavement.     This 


Fig. 


6 — Traffic  Circle  at  Intersection  of  two  Routes, 
New  Brunswick,  N.J. 


is  the  maximum  amount  of  banking  used  on  all  curves  over 
9  degrees. 

The  maximum  curvature  is  11  degrees-30  minutes, 
corresponding  to  a  radius  of  about  500  feet.  It  applies 
in  classes  C  and  D,  which  include  the  roads  of  lesser  im- 
portance. For  classes  A  and  B,  which  constitute  the  main 
highways,  the  maximum  degrees  of  curvature  are  6  and  8 
degrees  respectively,  and  the  distance  for  visibility  500  feet. 

The  minimum  length  of  vertical  and  horizontal  curves 
is  500  feet. 
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The  width  of  paved  surface  varies  from  18  to  30  feet, 
and  the  width  of  right-of-way  from  50  to  90  feet. 

During  the  past  few  years  we  have  reconstructed  about 
103  miles  of  highway  according  to  these  specifications. 

Our  cHmate,  with  its  abundant  rain  in  the  fall,  and 
heavy  frost  in  winter,  introduces  into  our  highway  problems 
difficulties  that  are  rarely  found  elsewhere.  After  numerous 
experiments  and  lengthy  observation  we  have  found  that 
one  of  the  best  means  at  our  disposal  to  prevent  damage 


Fig.  7 — Pulaski  Skyway  between  Newark  and  Jersey  City  elimi- 
nating  Railroad   Grade   Crossings   and    Intersecting     Streets. 
Approach  Road  to  Holland  Tunnel. 

caused  by  frost  action  is  a  sand  cushion  placed  beneath 
the  road  foundation.  We  have  applied  this  method  to  most 
of  our  recent  road  construction. 

Foundations  are  of  stone  or  gravel  and,  in  some  cases, 
a  combination  of  both.  A  layer  of  compacted  gravel,  12 
inches  thick,  or  10  inches  of  stone,  rolled  and  partly  bound, 
constitutes  sufficient  foundation  for  the  loads  allowed  on 
our  highways.  The  construction  of  water-bound  macadam 
has  been  abandoned.  Old  macadam  surfaces  are  treated 
with  bituminous  coatings  to  make  them  last  as  long  as 
possible.  Modern  pavements  are  of  bituminous  macadam, 
bituminous  concrete,  or  cement .  concrete.  We  recently 
started  laying  a  thin  coating  of  tar  on  gravelled  surfaces. 
This  is  a  temporary  measure  to  avoid  dust  during  the 
summer,  and  prevent  surface  mud  forming  during  the  wet 
autumn  period.  This  kind  of  surfacing,  low  in  cost,  has 
the  advantage  of  avoiding  continual  additions  of  gravel 
which  are  necessary  to  keep  gravelled  surfaces  in  good 
condition  and,  as  a  result,  we  shall  be  able  to  dispose  of 
a  considerable  part  of  the  machinery  used  in  scraping 
and  transporting  resurfacing  materials.  It  will  also  elim- 
inate, pending  construction  of  more  permanent  pavements, 
the  new  danger  arising  from  small  stones  of  crushed  gravel 
flying  in  all  directions. 

Bituminous  pavements,  called  permanent  or  semi-per- 
manent, but  which  are  neither,  vary  between  2  and  4 
inches  in  thickness.  They  include,  first:  bituminous  maca- 
dams formed  of  a  layer  of  stone  4  inches  thick,  coated  with 
some  bituminous  binder  by  simple  impregnation;  second, 
bituminous  concrete,  so-called  by  analogy  with  cement  con- 
crete, because  a  mixture  of  the  aggregates  and  bituminous 
cements  is  made  mechanically.  There  are  a  considerable 
number  of  these  types,  most  of  which  are  patented  in  this 


country.  In  order  of  seniority  they  are:  Amiesite,  Macur- 
bam,  Colprovia,  Creomix,  Macasphalt,  Coldsphalt  and,  as 
the  youngest  member  of  the  family,  Gecomac,  which  only 
made  its  appearance  last  summer. 

All  these  products  were  generally  applied  as  surfaces 
4  inches  thick.  It  soon  became  evident,  however,  that 
they  were  too  expensive  for  paving  rural  roads,  and  today 
low  cost  types  of  pavement  are  generally  used,  between 
2  and  3  inches  thick,  such  as  the  retread  type,  stone  and 
bitumen  mixed  on  the  spot,  "gravel  mulch,"  a  mixture  of 
gravel  and  bitumen,  and  other  types  of  mixtures  with 
reduced  percentages  of  bituminous  binder,  which  do  not 
cost  much  more  than  the  old  macadam  pavement,  and  give 
very  good  results  under  medium  traffic. 

Finally,  there  are  cement  concrete  pavements,  which 
are  the  only  ones  with  a  certain  degree  of  permanence,  to 
obtain  which  they  must  be  built  with  the  best  materials, 
and  according  to  the  most  modern  methods  of  concrete 
construction.  It  may  be  said  without  exaggeration  that 
modern  methods  have  increased  the  value  of  concrete 
pavements  as  much  as  100  per  cent.  I  will  not  attempt 
to  describe  them  but  will  merely  point  out  the  salient 
features  of  recent  improvements  in  this  domain.  Control 
of  the  quality  of  the  materials  is  carried  out  on  the  job 
and  all  tests  are  made  in  our  field  laboratories.  In  these 
laboratories  all  materials  are  tested  for  grain  size,  moisture 
content,  percentage  of  earth  and  vegetable  matter  in  the 
sand,  resistance  to  tension  and  bending,  as  well  as  the 
proportioning  of  the  material.  Laboratories  are  equipped 
with  modern  apparatus  and  instruments,  such  as  a  pneu- 
matic press  of  100,000  pounds  capacity,  for  breaking 
cylinders  in  compression  tests,  apparatus  to  break  beams 
and  briquettes,  precision  scales,  dryers,  curing  bath,  etc. 
On  the  work  the  proportioning  of  aggregates  is  done  by 
automatic  scales  for  sand,  stone  and  water.  These  scales 
are  inspected  by  a  government  employee,  and  are  adjusted 
as  often  as  becomes  necessary,  according  to  the  grade  of 
stone  and  sand  and  moisture  content. 

Cylinders  are  broken  at  seven  days  and  twenty-eight 
days.  Concrete  curing  is  carried  out  in  the  old  way  by 
covering  and  repeated  watering.  The  method  consisting  of 
applying  calcium  chloride  to  the  surface,  for  the  purpose 
of  attracting  moisture,  does  not  seem  to  have  become 
general.  On  the  contrary,  application  of  a  light  asphaltic 
oil,  after  the  concrete  has  set,  to  retain  moisture  in  the 
mass,  has  increased  in  favour  in  the  United  States  during 
the  past  two  years.  The  use  of  steel  forms  and  of  the 
finishing  machine  yields  a  perfect  profile,  of  remarkable 
compactness,  and  without  danger  of  segregation  of  the 
aggregates.  Rigid  metallic  templets,  sliding  on  these  steel 
forms,  ensure  the  accuracy  of  the  sub-grade.  In  addition 
to  these  precautions,  the  thickness  of  the  pavement  is 
verified  afterwards  by  measuring  cores  obtained  from  the 
pavement  by  means  of  a  special  boring  machine.  Trans- 
verse and  longitudinal  joints  are  provided  wherever  nec- 
essary, to  allow  for  expansion  and  contraction. 

The  present  tendency  is  to  reinforce  all  concrete  pave- 
ments, and  on  this  point  specifications  vary  extensively. 
Some  prefer  the  reinforcement  near  the  bottom,  while  others 
want  it  near  the  surface.  The  weight  per  hundred  square 
feet  is  generally  between  40  and  82  pounds. 

We  have  16,000  miles  of  improved  roads  in  the  province 
of  Quebec  at  the  present  time,  of  which  5,585  miles  are 
classed  as  main  highways.  It  is  unnecessary  to  point  out 
that  these  main  highways  are  not  all  modern  roads.  All 
these  improved  roads  are  maintained  entirely  by  the 
Department  of  Roads,  at  a  cost  of  approximately  $3,500,- 
000  per  year. 

We  have  174  miles  of  bituminous  macadam,  586  miles 
of  bituminous  concrete  pavement,  and  179  miles  of  cement 
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concrete  pavement.  The  cost  of  these  pavements  is  around 
$20,000  per  mile,  and  if  we  add  foundations,  preliminary 
works  and  purchase  of  land,  we  reach  a  figure  of  nearly 
$40,000  per  mile.  The  introduction  of  low-cost  pavements 
will  allow  us  to  reduce  this  cost  by  approximately  $12,000 
per  mile  and  still  have  a  surface  capable  of  carrying  a 
traffic  of  medium  intensity.  Because  of  the  great  length 
of  our  system  of  main  highways,  however,  we  cannot  hope 
to  cover  the  majority  of  our  roads  within  a  few  years,  even 


with  this  economical  system  of  paving.  This  is  the  reason 
for  our  having  undertaken  a  programme  calling  for  thin 
surface  coatings,  at  around  $2,000  per  mile,  which  can  be 
carried  out  to  the  extent  of  250  miles  per  year. 

Thus  we  hope,  while  continuing  our  paving  programme, 
to  provide,  in  the  near  future,  a  larger  mileage  of  dustless 
roads  for  the  benefit  of  our  own  motorists  and  for  tourists. 

Note. — ^Figs.  5,  6  and  7  are  reproduced  by  courtesy  of  Mr.  E. 
Donald  Sterner,  New  Jersey  State  Highway  Commissioner. 
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Satisfactory  electrical  control  of  apparatus  and  services 
is  an  important  feature  of  modem  power-house  design. 
With  the  large  developments  of  today,  the  wide  inter- 
connection between  systems  and  the  tremendous  size  of 
the  loads  carried,  the  importance  of  satisfactory  voltage 
and  frequency  control  and  above  all  continuity  of  service 
becomes  ever  more  important.  In  a  big  modern  power- 
house such  as  Rapide  Blanc,  adequate,  satisfactory  and 
convenient  methods  of  control  play  a  considerable  part  in 
the  efficient  operation  of  the  station. 

As  may  be  imagined,  the  subject  of  power-house  con- 
trol, in  all  the  various  forms  in  which  it  is  applied,  is  a  very 
wide  one  and  the  purpose  of  this  article  is  only  to  outline 
in  a  general  way  the  various  classifications,  and  to  run 
over  briefly  some  of  the  more  interesting  types  which  are 
in  service  at  Rapide  Blanc  and  the  reasons  which  led  to 
their  use. 

The  subject  of  power-house  electrical  control  may  be 
divided  roughly,  into  six  general  classifications: — 

1 .  Power  Supply 

2.  Local  Control 

3.  Remote  Control 

4.  Automatic  Control 

(a)  Protective 

(6)  Special  Service 

5.  Interlocks 

6.  Alarm  and  Indication. 

Power  Supply 

Except  for  small  apparatus  such  as  fans  of  various 
sizes,  heaters,  small  motors  and  so  on,  almost  all  power- 
house equipment  is  controlled  indirectly  by  means  of 
magnetically  operated  switches  or  electrical  relays. 

In  a  large  development,  several  different  types  of 
electric  energy  are  needed  for  controlling  these  magnetic 
switches  and  relays.  The  selection  of  a.c.  or  d.c.  and 
voltage  depends  on  the  type  of  equipment  controlled,  its 
degree  of  importance  from  a  service  standpoint  and  also  on 
the  method  of  control  used. 

Large  motors  such  as  gate  hoist  motors,  air  compres- 
sors, and  oil  pump  motors  which  run  on  a.c.  are  controlled 
by  a.c,  since  there  would  be  no  gain  in  reliability  in  using 
d.c.  Motors  and  apparatus  which  are  automatically  con- 
trolled by  delicate  relays  or  instruments  require  a  low 
control  voltage.  Equipment  whose  reliability  of  operation 
is  of  special  importance,  such  as  circuit  breakers,  field 
breakers  and  H.V.  motor  operated  disconnects,  must  be 
d.c.  operated  and  controlled  from  storage  batteries.  And 
finally,  where  miniature  keys  and  lamp  indicators  are  used 
for  remote  operation,  low  voltage  d.c.  is  essential. 

At  Rapide  Blaine  the  control  voltages  in  use  are  550 
volts  a.c,  110  volts  a.c,  250  volts  d.c.  and  48  volts  d.c. 
and  there  are  also  a  few  applications  where  6  volts  d.c. 


is  required.  Two  separate  storage  batteries  provide  direct 
current  at  250  volts  and  48  volts  and  dry  cells  are  used  for 
the  6-volt  supply. 

Local  Control 
Local  control  of  equipment,  while  perhaps  more  com- 
mon than  the  various  other  methods,  presents  few  features 
of  special  interest.  It  is  applied  in  all  cases  where  it  is 
unnecessary  or  uneconomical  to  operate  from  a  distance 
and  takes  the  form  of  a  knife  switch,  pushbutton  operated 
magnetic  contactor,  or  other  well  known  type  of  starter. 
Such  features  as  gate  hoists,  oil  heaters,  oil  filter  pumps 
and  cranes  come  into  this  category. 

Remote  Control 
The  chief  reason  for  making  use  of  remote  control  is 
almost  always  that  of  convenience  of  operation.  In  times 
of  trouble,  when  every  moment  counts  in  the  effort  to 
restore  service,  a  convenient,  compact  and  easily  accessible 
arrangement  of  meters,  control  keys  and  lamp  indicators 


Fig.  1 — Rapide  Blanc  Power  House. 

is  of  tremendous  advantage.  In  recent  years,  this  has 
come  to  be  more  and  more  widely  recognized,  especially 
with  the  higher  standards  of  service,  larger  units  and  bigger 
developments  that  we  have  today.  In  fact,  nowadays,  a 
modern  station  of  any  size  is  generally  controlled  almost 
entirely  from  one  large  isolated  room,  usually  located  some 
distance  from  the  generating  machinery,  switches  and  other 
equipment.  As  time  went  by,  corresponding  improvements 
in  the  controlling  apparatus  itself  occurred.  Benchboard 
controllers  have  been  made  smaller  and  better  suited  to 
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their  purpose,  benchboard  layouts  more  compact,  more 
accessible,  and  more  comprehensible ;  miniature  meters  were 
developed  and  finally,  for  large  stations,  the  miniature  type 
of  benchboard  and  control  panel  using  telephone-type 
equipment  has  been  evolved  and  is  steadily  gaining  in 
favour. 

For  the  Rapide  Blanc  station,  a  careful  study  showed 
that,  in  addition  to  greater  operating  convenience,  con- 
siderable economies  could  be  effected  by  making  use  of 


Fig.  2 — Rapide  Blanc  Transformers  and  220  kv.  Disconnects. 

miniature  control  equipment  and  consequently  wide  use 
has  been  made  of  small  flush  type  meters  and  telephone 
type  keys,  push-buttons  and  indicating  lamps. 

The  48-volt  battery,  which  was  mentioned  previously, 
supplies  power  to  the  benchboard  and  auxiliary  feeder 
panel,  and  the  signals  and  controlling  impulses  are  trans- 
mitted at  this  voltage  to  interposing  relays  located  adjacent 
to  the  equipment  concerned.  These  relays  in  turn  apply 
current  from  the  main  250-volt  battery  to  the  oil  circuit 
breakers,  field  breakers,  motor  operated  disconnects,  gover- 
nors, rheostats,  voltage  regulators  and  similar  apparatus. 

Inasmuch  as  the  controlling  impulses  merely  operate 
relays  rather  than  the  apparatus  itself,  very  little  current 
is  required  and  therefore,  with  a  given  amount  of  voltage 
drop,  the  connecting  wires  may  be  quite  small.  This,  in 
turn,  makes  possible  the  use  of  a  few  multiconductor  cables 
instead  of  a  great  number  of  conduit  runs  carrying  much 
heavier  wiring. 

At  Rapide  Blanc  the  controlling  impulses,  lamp  in- 
dications, signalling  and  interlocks  for  each  unit  are  taken 
care  of  by  three  multiconductor  cables  made  up  of  No.  16 
gauge  rubber-covered  wires.  One  20-conductor  cable  is  for 
the  220,000-volt  motor-operated  disconnect,  one  60-con- 
ductor  cable  for  three  11,000-volt  oil  circuit  breakers  and 
their  motor  operated  disconnects  and  one  60- conductor 
cable  for  the  generator  control  group  consisting  of  field 
breakers,  field  rheostat,  voltage  regulator,  signalling  equip- 
ment and  governor  adjustment. 

Further  economy  lies  in  the  small  panel  sizes  and  floor 
space  required.  Full  control  for  fourteen  auxiliary  feeders 
with  metering  and  dummj''  buswork  is  assembled  on  one 
vertical  panel  only  thirty  inches  wide.   Similarly,  the  bench- 


board, which  is  designed  to  accommodate  complete  control 
for  six  generators  and  transformers  with  all  their  associated 
equipment  and  metering,  occupies  a  floor  space  of  only  nine 
feet  by  four  feet. 

Other  remote  control  features  which  may  be  mentioned 
in  passing  are  such  things  as  the  closing  of  head  gates  and 
ventilating  air  louvres,  the  starting,  stopping  and  operation 
of  battery  charging  motor  generator  sets  and  the  manual 
control  of  auxiliary  transformer  bank  "on-load"  tap 
changers. 

Automatic  Control 

Under  the  heading  of  automatic  control  there  is  first, 
the  operation  of' oil  switches  and  disconnects  by  means  of 
protective  equipment  and  second,  the  maintaining  of  special 
services,  such  as  air  pressures,  oil  and  water  levels,  voltages, 
temperature,  sump  drainage  and  so  on. 
(a)  Protective  Service 

The  development  of  relay  protective  schemes  has 
advanced  in  recent  years  to  a  high  pitch  of  perfection. 
The  fundamental  idea  back  of  all  relay  protection  is  the 
isolation  of  the  faulty  section  in  the  shortest  possible  space 
of  time.  This  time  element  in  the  automatic  opening  of 
circuit  breakers  and  field  breakers  plays  a  very  important 
part  in  reducing  hazards,  in  eliminating  or  tremendously 
diminishing  the  damage  to  equipment  and  in  greatly  assist- 
ing the  continuity  of  service.  In  order  to  give  an  idea  of 
the  rapidity  with  which  modern  high  speed  protective  relays 
and  breakers  operate  the  following  illustration  is  of  interest. 
Imagine  a  three-phase  transmission  line  with  the  three  con- 
ductors placed  20  feet  apart,  horizontally.  If  an  aeroplane 
travelling  at  sixty  miles  an  hour  were  to  run  into  the  line 
and  cause  a  short  circuit  between  the  first  wire  and  the 
second,  the  circuit  breakers  would  have  opened  and  dis- 
connected the  line  before  the  machine  could  reach  the  third 
wire. 

At  Rapide  Blanc,  a  wide  variety  of  protective  systems 
is  employed,  such  as  differential  current  relays  for  genera- 


Fig.    3 — Rapide    Blanc    Control    Room    showing    Benchboard, 
illuminated  Diagram  and  Protection  Panels. 

tors  and  transformers,  unbalanced  voltage  relays  for  low 
voltage  grounds,  duplicate  impedance  or  distance  relays  for 
short  circuits  or  grounds  on  the  transmission  line  and  over 
current  relays  for  auxiliary  apparatus.  Further  security  is 
obtained  from  systems  known  as  standby  or  back-up  pro- 
tection. They  form  a  second  line  of  defence  and  they 
operate  after  a  small  interval  of  time,  in  the  event  of  the 
failure  of  an  oil  circuit  breaker  or  of  the  ordinary  relays. 
Separate  groups  of  impedance  relays  are  provided  in  this 
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protection  for  every  generator  and  transformer  with  their 
associated  busses,  and  for  short  circuits  or  grounds  on  the 
transmission  Hne. 

An  interesting  automatic  protective  feature  which  is 
applied  to  all  the  main  and  feeder  circuit  breakers  at 
Rapide  Blanc  is  what  is  known  as  "trip-free"  protection. 
This  prevents  the  breaker  being  held  in  the  closed  position 


Fig.  4 — Auxiliary  Panels  in  Control  Room. 
These  Panels  control  the  following  Equipment  (left  to  right): 

1.  Main  lighting  and  automatic  a.c.-d.c.  transfer. 

2.  48-volt  battery  and  rectigon  chargers. 

3.  250-volt  battery  and  two  motor  generator  sets. 

4.  Auxiliary  feeders  and  associated  circuit  breakers. 

5.  Main    transformer    temperature    indication    and    auxiliary 
watthours. 

6.  Alarm  lamps  and  waterlevel  indicators. 


when  closed  in  on  a  faulty  circuit.     For  example:    Assume 
a  transmission  line  feeder  to  be  affected  by  lightning  result- 
ing in  a  voltage  surge,  followed  by  a  flashover  and  power 
arc.     The  line  breaker  will  immediately  open 
and  the  operator  will  at  once  close  it  again 
hoping  that  the  trouble  is  a  transient  one.  If 
it  is  not,   then  the  trip-free  equipment  will 
permit  the  breaker  to  open  again  at  once  and 
remain  open,  although  the  operator  may  con- 
tinue for  a  time  holding  the  control  key  to  the 
"close"  position. 

While  on  the  subject  of  automatic  pro- 
tective control,  the  220,000-volt  grounding 
switch  should  be  mentioned.  This  somewhat 
unusual  switch,  which  is,  in  reality,  an  air 
break  disconnect,  places  a  dead  ground  on 
each  of  two  phases  of  the  high  voltage  bus. 
It  is  made  necessary  by  the  fact  that  there 
are  no  high  voltage  oil  circuit  breakers  at  Rapide 
Blanc.  In  the  event  of  line  or  transformer 
trouble,  the  ground  switch  immediately  places 
a  grounded  short  on  the  line,  thus  ensuring 
that  the  protective  relays  at  the  far  end  of  the 
line  will  operate,  even  though  the  fault  may  be 
on  the  low  voltage  side  of  one  of  the  trans- 
former banks.  The  ground  switch  is  motor 
operated  and  in  common  with  the  other  motor 
operated  disconnects  requires  only  a  starting 
impulse,  the  mechanism  then  going  to  full 
travel  by  virtue  of  lock-in  relays  and  limit 
switches.  In  order  to  guard  against  accidental 
operation  due  to  grounds  occurring  on  the  d.c. 
system,  the  control  relays  are  so  arranged 
that  both  positive  and  negative  supplies  are 


entirely  disconnected  when  the  motor  is  not  actually  in 
operation. 

(6)  Special  Service 

In  the  classification  of  what  is  called  "special  service," 
automatic  control  performs  a  great  number  of  jobs,  the 
majority  of  them  more  accurately  and  reliably  than  they 
could  possibly  be  done  by  hand. 

Most  of  this  control  apparatus  is  more  or  less  stan- 
dardized and  well  known,  float  switches  and  pressure 
switches  operating  a  variety  of  air  pumps,  oil  pumps  and 
water  pumps;  but  there  are  some  features  which,  being  a 
little  out  of  the  ordinary,  will  be  considered  briefly. 

The  sump,  which  is  below  the  level  of  the  tail  race, 
is  drained  by  two  pumps,  one  of  20  h.p.  and  one  of  75  h.p. 
A  special  float  switch,  which  was  designed  and  built  by 
Shawinigan,  controls  both  pumps  and,  in  addition,  provides 
on  a  dial  an  indication  of  sump  level.  Under  normal  con- 
ditions, only  the  small  pump  operates,  starting  and  stop- 
ping about  every  twenty  minutes,  but  should  the  small 
pump  for  some  reason  be  unable  to  prevent  the  water 
rising,  the  large  one  will  come  into  action  for  as  long  as 
may  be  necessary. 

Since  the  supply  of  lubricating  oil  to  the  generators 
must  on  no  account  be  interrupted,  special  pump  control 
is  provided.  From  two  large  tanks,  situated  high  up,  the 
oil  flows  by  gravity  to  individual  unit  tanks  kept  full  by 
float  valves.  From  these  unit  tanks  the  oil  is  delivered 
to  the  machines,  is  re-collected,  filtered  and  pumped  up 
again  into  the  large  tanks.  Two  pumps  are  provided,  one 
of  which  runs  continuously,  the  surplus  oil  returning  directly 
to  the  lubricating  oil  sump.  Should  the  oil  supply  from 
this  pump  fail,  the  second  pump  will  start  as  soon  as  the 
tank  level  drops  to  a  predetermined  point  and  it  will  con- 
tinue running  until  switched  off  by  the  operator.  This 
procedure  occurs  regardless  of  which  of  the  two  pumps 
may  normally  be  running. 

Illumination  being  very  important,  particularly  in  the 
control  room,  generator  room  and  switch  room,  an  auto- 
matic throw-over  switch  is  provided  which,  in  the  event 
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Fig.  6 — Rapide  Blanc  Control  Room-  showing  Panel  and  Control  Layout. 


of  alternating  current  failure,  transfers  certain  selected 
lamps  throughout  the  power-house  to  the  250-volt  battery, 
a  mid  tap  from  the  battery  taking  care  of  the  three  wire 
lighting  circuits.  As  soon  as  the  supply  is  re-established, 
the  lamps  are  returned  to  alternating  current. 

Automatic  voltage  regulation  at  Rapide  Blanc  is  a 
little  out  of  the  ordinary  and  therefore  interesting.  The 
generator  voltage  regulators  were  manufactured  by  Brown 
Boveri  in  Switzerland  and  are  of  the  high  speed,  heavy 
duty  type,  using  oil  pressure  as  an  intermediate  control. 
As  far  as  the  author  knows,  they  are  the  only  regulators 
of  the  kind  in  Canada.  The  regulating  mechanism  itself 
operates  a  rotary  oil  valve,  which  controls,  by  oil  pressure, 
the  position  of  two  brushes  which  can  move  forward  or 
backward  around  a  fixed  commutator.  The  bars  of  the 
commutator  are  connected  to  resistances  in  the  output 
circuit  of  a  pilot  exciter  and  the  brushes  merely  select 
the  correct  voltage  for  use  on  the  field  of  the  main  exciter. 
In  other  words,  it  is  really  nothing  more  or  less  than  an 
automatically  operated  potentiometer  supplying  d.c.  to 
the  field  of  the  main  exciter.  Due  to  all  the  load  being 
at  a  distance  from  the  station,  it  is  necessary  to  maintain 
constant  voltage  at  the  receiving  point  and  this  results  in 
considerable  variations  in  generator  voltage  as  the  load 
changes.  To  prevent  this  affecting  the  station  auxiliaries, 
voltage  control  is  provided  in  the  form  of  on-load  tap 
changers  in  the  auxiliary  transformer  banks.  These  tap 
changers  normally  operate  automatically  but  they  can  be 
worked  by  hand  from  the  control  room  if  desired. 

Interlocks 

An  electrical  interlock  is  merely  an  arrangement  of 
wiring  and  auxiliary  contacts  whereby  the  operation  of 
one  piece  of  equipment  is  made  dependent  on  the  operation 
of  another.  Interlocks  are  exceedingly  useful  and  are  used 
in  a  great  variety  of  ways.  They  guard  against  operating 
errors,  prevent  incorrect  alarm  indications  and  provide  the 
correct  sequence  of  operation  in  many  types  of  automatic 
control.  For  instance,  if  an  operator  should  attempt  to 
open  a  transformer  high  voltage  disconnect  under  load,  with- 
out first  opening  the  transformer  oil  circuit  breaker,  a  very 
serious  arc  would  be  caused,  probably  developing  into  a 
cross  short  or  ground.  The  disconnect  is  therefore  inter- 
locked electrically  with  the  circuit  breaker  to  prevent  any 
possibility  of  this  happening. 


Alarm  avd  Indic'ation 

In  j,eKcral,  the  work  of  an  operator  in  a  power-house 
consists  of  periods  of  uneventful  routine  with  occasional 
hectic  spells  of  activity  when  trouble  occurs. 

In  order  to  lose  as  little  time  as  possible  in  resuming 
service  or  eliminating  danger  to  equipment,  an  alarm  bell  is 
essential.  Several  alarm  bells,  however,  are  a  disadvantage. 
In  the  Rapide  Blanc  control  room  there  is  only  one  bell 
and  it  rings  for  every  kind  of  serious  trouble  except  two 
which  are  not  urgent  and  are  taken  care  of  by  a  buzzer. 
Many  troubles,  such  as  overheated  bearings,  require  some 
time  to  correct  and  meanwhile  other  difficulties  may  arise. 
Therefore  an  arrangement  of  relays  is  provided  so  that  the 
bell  may  be  stopped  by  momentarily  pressing  a  button  on 
the  benchboard,  after  which  it  is  immediately  available 
again  for  any  other  trouble  which  may  occur. 

In  a  large  plant,  an  immediate  indication  of  the  nature 
and  location  of  the  trouble  is  almost  as  important  to  the 
operator  as  the  ringing  of  the  bell  itself. 

Trouble  indication  at  Rapide  Blanc  is  carried  out  in 
two  ways.  What  we  may  call  mechanical  troubles  such  as 
overheated  transformers,  overheated  bearings,  oil  levels, 
water  levels,  oil  pressures  and  so  on,  are  shown  by  means 
of  small  red  lamps  and  name-plates.  There  are  sixty  of 
these  in  the  control  room. 

Electrical  troubles  are  indicated  by  means  of  an 
illuminated  station  diagram  on  which  the  major  circuits 
and  equipment  of  the  station  are  represented  in  lines  and 
symbols  of  coloured  light.  Any  alteration  in  the  open  or 
closed  position  of  switches  or  disconnects  and  in  the  en- 
ergized or  de-energized  condition  of  circuits  or  equipment 
is  automatically  represented  by  colour  changes.  In  addi- 
tion, any  change  resulting  from  the  operation  of  the  auto- 
matic protective  relays  will  cause  flickering  of  the  section 
of  the  diagram  affected  and  the  symbol  for  the  particular 
equipment  or  circuit  which  has  failed  will  turn  to  a  steady 
white. 

The  operators  are  thus  advised  instantly  as  to  where 
the  trouble  is  and  to  what  extent  it  has  affected  the  re- 
mainder of  the  station. 

In  concluding,  one  may  see  from  the  foregoing  general 
outline  that  electrical  control  plays  a  vital  part  in  the 
operation  of  a  power-house  and  that  correct  design  and 
application  of  control  methods  determine,  to  a  considerable 
extent,  the  effectiveness  of  the  station  in  supplying  good 
power  service. 
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July  1985                                 No.  7 

Transportation — ^The  New  Era 

The  changed  conditions  in  the  transportation  industry 
have  been  the  subject  of  recent  addresses  by  a  number  of 
our  pubhc  men,  but  there  seems  as  yet  to  be  httle  evidence 
that  the  serious  nature  of  the  problems  that  have  arisen, 
and  their  vital  effect  upon  the  country's  future,  have  been 
grasped  by  the  general  public.  The  man  in  the  street  does 
not  yet  realize  that  the  railway  problem,  the  development 
of  highways  and  road  transportation,  the  utilization  of  our 
waterways,  and  the  establishment  of  airways,  have  such 
a  bearing  on  the  country's  financial  standing  that  a  policy 
of  drift  in  connection  with  them  will  have  the  gravest  con- 
sequences. 

Of  these  questions  the  railway  problem  is  certainly  the 
most  pressing;  its  solution  involves  a  study  of  all  the  other 
transportation  agencies,  with  which  the  railways  have  to 
compete  in  their  search  for  business.  For  this  reason  the 
timely  information  contained  in  a  recent  address  by  Pres- 
ident Gaby,  which  we  print  elsewhere  in  this  issue  of 
The  Journal,  should  be  carefully  studied.  He  very  prop- 
erly draws  attention  to  the  crushing  burden  of  railway 
debt  which  weighs  upon  the  Canadian  people,  and  for 
which  no  political  party  seems  able  to  provide  any  effective 
remedy.  He  points  out  that  in  the  new  era  of  land  trans- 
portation, which  has  been  brought  about  by  the  highway 
and  the  internal  combustion  engine,  the  railways,  with 
their  government  controlled  rates  and  strictly  regulated 
methods  of  operation,  are  under  a  severe  handicap  in  com- 
peting with  the  relatively  unregulated  busses  and  trucks 
operating  on  government  built  highways. 

It  is  true  that  the  railways  have  been  criticized  for  not 
foreseeing  ard  anticipating  this  competition.  It  is  held 
that  they  should  have  forestalled  the  various  private 
interests  which  have  taken  advantage  of  the  new  oppor- 
tunities, and,  assisted  by  the  expenditure  of  public  money 
on  highways,  and  with  the  active  support  of  the  auto- 
motive industry,  have  covered  the  country  with  a  network 
of  bus  and  motor  truck  services.  It  must  be  remembered, 
however,  that  the  railways,  during  this  period  of  rapid 
change,  have  had  to  meet  their  own  special  troubles  re- 


sulting from  the  depression,  and  that  any  expansion  of 
their  activities  or  change  in  their  methods  is  subject  to 
government  approval.  Any  new  developments  in  railway 
service  are  therefore  liable  to  delay,  so  that  private 
enterprise  has,  in  many  instances,  been  able  to  step  in 
before  the  railway  plans  could  be  put  into  effect.  In  any 
case,  the  result  has  been  that  Canadian  railways  have  not 
been  able  to  do  much  in  replacing  unremunerative  pas- 
senger trains  by  rail  cars  or  their  own  motor  busses,  and, 
as  regards  freight,  have  seen  a  reduction  in  their  revenue 
estimated  at  some  thirteen  million  dollars  per  annum,  due 
to  the  operation  of  privately  owned  motor  trucks.  The 
privately  owned  motor  car  has  probably  reduced  the 
railways'  passenger  revenue  by  double  that  amount. 

Dr.  Gaby  remarks,  however,  that  the  profitable 
operation  of  motor  trucks  is  really  limited  to  comparatively 
short  hauls  of  small  quantities  of  freight,  and  this  is  their 
natural  field.  Unregulated  competition,  or  competition 
made  possible  owing  to  injudicious  regulation,  has  never- 
theless enabled  trucks  to  take  a  considerable  amount  of  the 
railways'  long  haul  business,  which,  for  runs  of  500  miles, 
costs  a  railway  less  than  one  third  of  the  real  cost  by  motor 
truck. 

Actually,  our  present  composite  transportation  system, 
considered  as  a  whole,  is,  like  that  in  the  United  States, 
seriously  inefficient  and  is  not  working  to  the  best  advantage 
of  the  country.  Reduction  in  the  volume  of  the  railways' 
freight  and  passenger  business  has  obviously  increased  its 
unit  cost,  in  spite  of  the  drastic  economies  which  have  been 
effected  by  the  railway  managements.  Many  of  the  main 
traffic  routes,  both  road  and  rail,  parallel  each  other,  for 
they  were  laid  out  with  a  view  of  competition,  not  co- 
operation. Bus  and  truck  operators  often  accept  business 
at  less  than  cost  without  due  knowledge  of  all  the  factors 
entering  into  their  financial  operation.  Nor  is  this  kind 
of  competition  confined  to  the  automotive  field.  As  an 
example  of  the  curious  effect  of  governmental  regulations 
and  subsidies,  it  has  actually  been  found  worth  while  to 
transport  loaded  railway  freight  cars  from  New  Orleans  to 
New  York  in  a  specially  constructed  ocean-going  steamer, 
instead  of  paying  the  regular  freight  rates  for  this  service 
and  permitting  the  cars  to  be  hauled  by  locomotives  over 
the  railway  tracks. 

In  aerial  transport,  the  growth  in  Canada  has  been 
largely  in  districts,  such  as  the  northern  mining  areas, 
where  other  forms  of  transportation  are  as  yet  non-existent. 
In  the  United  States,  however,  the  air  lines  are  in  active 
competition  with  railways  for  long  distance  passenger 
traffic,  and  some  progress  has  been  made  in  coordinating 
their  services  with  those  of  the  railways. 

"One  of  the  lessons  learned  from  the  depression,"  said 
a  recent  speaker  before  the  Franklin  Institute  in  Phil- 
adelphia, "is  that,  throughout  the  world  and  on  this  con- 
tinent particularly,  we  have  gone  ahead  building  up  new 
forms  of  transportation  and  extending  old  forms  without 
stopping  to  consider  the  relation  which  each  must  bear,  one 
with  another,  or  the  relation  of  each  to  the  whole  economic 
structure.  As  a  result,  we  have  acquired  an  overhead  of 
staggering  dimensions.  There  may  be  some  truth  in  the 
old  saying  that  competition  is  the  life  of  trade,  but  carried 
to  extremes,  competition,  by  placing  too  great  burden  on 
trade,  may  become  its  most  deadly  enemy." 

What  is  the  outlook  for  the  future  ?  Having  regard  to 
the  new  methods  of  transportation  which  have  developed 
during  the  past  twenty  years,  and  which  are  undoubtedly 
here  to  stay,  can  the  railways  reasonably  expect  a  growth  of 
traffic  from  the  sources  still  open  to  them  which  will  enable 
them  to  meet  their  obligations  out  of  their  own  revenue  and 
not  at  the  cost  of  the  taxpayers  ?  Even  assuming  that  this 
growth  will  take  place,  there  will  still  remain  the  waste 
due  to  the  uncoordinated  operation  of  our  many  trans- 
portation agencies.  Dr.  Gaby  rightly  observes  that  you 
cannot  have  duplication  and  multiplication  of  services  in 
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the  same  field  and  expect  to  have  economy.  Provision 
must  be  made  for  the  reduction  of  unnecessary  overhead, 
and  the  employment  of  each  agency  for  the  services  which  it 
is  best  fitted  to  perform.  Only  in  this  way  can  the  efficiency 
of  our  transportation  system  as  a  whole  be  raised  to  the 
level  which  it  should  have  if  the  Canadian  public  is  to  be 
properly  served. 

There  is  no  prospect  that  this  desirable  result  will  be 
attained  unless  it  is  insistently  demanded  by  well-informed 
public  opinion.  The  supply  of  correct  information  on  the 
various  phases  of  transportation  is  peculiarly  the  province 
of  the  engineer,  to  whom  the  layman  looks  for  a  temperate 
presentation  of  the  case,  shorn  of  unnecessary  technicalities 
and  free  from  any  political  implications.  Realizing  this, 
the  Council  of  The  Institute  is  proposing  to  arrange,  for 
the  annual  meeting  of  1936,  a  symposium  of  papers  on 
transportation  subjects,  designed  to  bring  out,  in  as  con- 
cise a  form  as  possible,  the  basic  facts  and  the  relation  of 
the  various  transportation  systems  to  each  other.  This 
will  enable  members  of  The  Institute  to  render  a  public 
service  by  first  familiarizing  themselves  with  the  subject, 
and  then  using  their  influence  to  induce  the  laymen  with 
whom  they  come  in  contact  to  take  an  active  interest  in 
the  solution  of  its  vital  problems. 

Report  of  Committee  on  Consolidation 

No  further  meetings  of  the  Committee  on  Consolidation 
have  been  held  since  the  last  report  appearing  in  the  June 
issue  of  The  Journal,  pending  the  receipt  of  replies  to  the 
Questionnaire  at  present  before  the  Branches  of  The 
Institute  and  the  Provincial  Professional  Associations. 

The  progress  of  the  consideration  of  the  questionnaire 
in  the  various  provinces  may  be  summarized  briefly  as 
follows : — 

In  Nova  Scotia,  the  Association  of  Professional  En- 
gineers has  been  forwarded  copies  of  the  questionnaire  for 
circulation  to  its  membership  and  this  matter  will  be  dis- 
cussed at  a  meeting  of  the  Council  at  an  early  date.  The 
Halifax  Branch  of  The  Institute  has  been  forwarded  copies 
of  the  questionnaire  for  study  by  their  Executive,  and  a 
special  committee  on  Consolidation  is  being  appointed  to 
co-operate  with  the  central  Committee.  A  Joint  Commit- 
tee of  Eight  for  "Closer  Union  of  the  Association  of  Pro- 
fessional Engineers  and  The  Engineering  Institute  of 
Canada  in  Nova  Scotia"  has  made  a  report  which  has  been 
approved  by  the  Professional  Association  of  Nova  Scotia, 
the  Halifax  Branch  and  the  Sydney  Branch  of  the  E.I.C. 

In  New  Brunswick,  the  Moncton  Branch  is  circulating 
the  questionnaire  to  its  membership  for  an  expression  of 
their  individual  opinion;  also  the  Association  of  Profes- 
sional Engineers  of  the  Province  of  New  Brunswick  has 
requested  copies  of  the  questionnaire  to  circulate  to  its 
members.  A  meeting  of  the  Council  of  this  Association  was 
held  on  June  21st,  to  consider  Consolidation  and  to  appoint 
members  to  act  on  a  joint  committee  with  the  Saint  John 
Branch  and  the  Moncton  Branch  of  the  E.I.C.  to  discuss 
and  report  on  the  matter. 

In  the  Province  of  Quebec,  the  Quebec  Branch  of  the 
E.I.C.  held  a  special  meeting  on  June  17th,  at  which  the 
questionnaire  was  considered  and  fully  discussed  and  the 
engineers  present  unanimously  approved  affirmative  an- 
swers to  Questions  No.  1,  No.  3  and  No.  5,  also  No.  2  with 
the  qualification,  "eventually."  Question  No.  4  was 
answered  as  "desirable"  but  an  affirmative  answer  was 
considered  to  be  dependent  upon  the  uniformity  of  the 
benefits  rendered  by  the  National  body  to  each  member 
thereof.  This  report  was  accompanied  by  a  memorandum 
by  Mr.  Hector  Cimon,  chairman  of  the  Branch,  dated 
January  25th,  1933,  and  submitted  to  the  Annual  Meeting 
of  February,  1933.  This  most  valuable  recommendation 
should  be  made  available  to  all  members  of  the  profession. 


The  Saguenay  Branch  of  The  Institute  has  appointed 
the  following  Committee  to  study  the  question  of  Consol- 
idation and  answer  the  questionnaire:  H.  R.  Wake, 
A.M. E.I.C,  J.  Shanly,  a.m.e.i.c,  G.  F.  Layne,  a.m. R. i.e.,  H. 
B.  Pelletier,  a.m.e.i.c. 

At  the  request  of  the  general  membersliip  of  the 
Montreal  Branch,  a  special  meeting  of  the  Branch  was 
held  on  June  27th,  to  discuss  the  questionnaire  and  to  take 
such  action  as  may  be  considered  to  be  in  the  best  interest 
of  the  Branch  and  of  the  profession  as  a  whole.  The 
meeting  resolved  that  the  Questionnaire  be  sent  to  each 
member  of  the  Branch  to  be  returned  on  or  before  July  15th. 

In  Ontario,  the  Committee  on  Consolidation  of  the 
Niagara  Peninsula  Branch  have  returned  the  question- 
naire with  all  questions  answered  unanimously  in  the  af- 
firmative. The  Sault  Ste.  Marie  Branch  of  The  Institute 
is  circulating  the  questionnaire  to  its  members.  The 
special  committee  of  the  Hamilton  Branch  of  The  Institute 
under  the  chairmanship  of  Mr.  Hugh  H.  Lumsden,  m.e.i.c, 
answered  all  questions  in  the  affirmative.  The  question- 
naire is  being  con.sidered  by  a  special  committee  on  Con- 
solidation of  the  Toronto  Branch  of  The  Institute.  A 
special  committee  of  the  Professional  Engineers  of  the 
Province  of  Ontario  has  been  appointed  to  report  on  Con- 
solidation and  the  questionnaire. 

The  special  committee  on  Consolidation  of  the  Prov- 
ince of  Manitoba,  under  the  chairmanship  of  Mr.  A.  J. 
Taunton,  a.m.e.i.c,  is  issuing  the  questionnaire  to  all 
members  of  The  Institute  and  the  Professional  Association 
of  Manitoba. 

In  Saskatchewan,  as  previously  reported,  the  special 
committee  of  The  Institute  and  of  the  Professional  Associa- 
tion, under  the  chairmanship  of  Mr.  D.  A.  R.  McCannel, 
M.E.I.C,  have  answered  all  questions  in  the  affirmative. 

In  Alberta,  the  Edmonton  Branch  is  circulating  the 
questionnaire  to  its  members. 

In  British  Columbia,  the  Victoria  Branch  of  The 
Institute  is  issuing  the  questionnaire  to  its  membership. 
At  an  Executive  meeting  of  the  Vancouver  Branch  held  on 
May  14th,  a  report  on  "The  Engineering  Profession  in 
Canada  and  The  Institute"  prepared  by  Mr.  P.  H.  Buchan, 
A.M.E.I.C,  was  accepted  as  being  the  expression  of  opinion 
of  the  Vancouver  Branch  on  the  Federation  Problem,  and 
forwarded  to  the  Central  Committee. 

In  order  that  the  consideration  of  the  question  of 
Consolidation  may  progress  uniformly  across  Canada, 
this  Committee  solicits  the  co-operation  of  all  Branches, 
Special  Committees  and  Associations,  by  their  taking 
such  action  as  will  insure  an  early  return  on  the  "Ques- 
tionnaire." 

The  Duggan  Medal  and  Prize 

The  Council  has  great  pleasure  in  announcing  that 
through  the  generosity  of  Past-President  G.  H.  Duggan, 
D.sc,  LL.D.,  M.E.I.C,  the  Series  of  prizes  and  medals  of 
The  Institute  has  been  enlarged  by  the  establishment  of  a 
fund,  from  the  proceeds  of  which  a  gold  medal  and  prize  of  a 
total  value  of  approximately  One  Hundred  Dollars  will  be 
offered  annually  for  competition. 

The  founder's  purpose  is  to  encourage  the  development 
of  the  branches  of  engineering  with  which  his  name  is 
associated,  and  accordingly  the  medal  and  prize  will  be 
awarded  for  the  best  paper  submitted  during  The  Institute 
prize  year  and  dealing  with  some  phase  of  constructional 
engineering  in  which  metals  are  employed  in  moulded  or 
fabricated  shape  for  structural  or  mechanical  purposes. 

The  competition  will  be  open  only  to  members  of 
The  Engineering  Institute  of  Canada,  and  to  be  eligible, 
papers  must  not  have  been  published  elsewhere  or  have  been 
presented  before  any  other  body. 

Fuller  details  of  the  conditions  attaching  to  this 
valuable  donation  are  being  worked  out  and  will  be  pub- 
lished in  an  early  issue  of  The  Journal. 
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Field  Marshal  Julian  Hed worth  Byng,  First  Viscount  Byng  of  Vimy, 
G.C.B.,  G.C.M.G.,  M.V.O.,  Hon.  M.E.I.C. 


It  is  with  deep  regret  that  it  is  necessary  to  record  the 
death  at  Thorpe-le-Soken,  England,  on  June  6th,  1935,  of 
Field  Marshal  Julian  Hedworth  Byng,  first  Viscount  Byng 
of  Vimy,  g.c.b.,  g.c.m.g.,  m.v.o.,  hoii.m.e.i.c. 

The  seventh  son  of  the  second  Earl  of  Strafford,  Lord 
Byng  was  bom  on  September  11th,  1862,  and  like  so  many 
younger  sons  of  the  British  aristocracy,  he  chose  the  army 
as  his  career.  In  1883,  following  a  short  period  in  the 
militia,  he  joined  the  regular  forces,  and  at  the  age  of 
twenty-one  was  posted  as  a  subaltern  officer  to  the  10th 
Royal  Hussars.  Proceeding  to  Egypt  within  a  few  months 
from  his  joining  the  Hussars,  he  found  himself  in  February, 
1884,  operating  with  a  squadron  of  his  regiment  which  was 
attached  to  the  punitive  force 
of  General  Graham  against 
the  notorious  Osman  Digna, 
and  he  was  in  action  for  the 
first  time  at  El  Teb  on  Feb- 
ruary 28th.  He  was  adjutant 
of  the  Hussars  for  four  years, 
and  in  1890  was  promoted 
captain.  Another  eight  years 
elapsed  before  he  attained 
field  rank,  but  from  then  on 
the  rapidity  of  the  changes 
when  developed  in  the  army 
amply  compensated  Lord 
Byng  for  his  lengthy  period  of 
probation.  At  the  outbreak 
of  the  Boer  War  he  went  to 
South  Africa  with  his  regiment 
and  was  soon  appointed  to 
command  the  South  African 
Light  Horse  as  brevet  Lieu- 
tenant-colonel. This  regiment 
operated  in  Lord  Dundonald's 
2nd  Mounted  Brigade  and 
Lord  Byng  was  in  action  at 
Colenso  and  Standerton. 

Returning  to  England  in 
1902  he  was  appointed  to 
command  his  old  regiment, 
the  10th  Royal  Hussars,  and 
from  that  time  until  the 
opening  of  the  Great  War  his 
military  career  followed  a  well- 
ordered  course.  Successively 
commandant  of  the  Cavalry 
School  at  Netheravon  and 
commander  of  the  2nd  Cavalry 
Brigade,  he  was  promoted 
major-general  in  1909,  and 
for  two  years  commanded  the 
East  Anglian  (Territorial)  Division 
to  Egypt. 

The  outbreak  of  the  War  found  Lord  Byng  in  Egypt, 
where  after  two  years  as  General  Officer  Commanding  the 
Army,  he  received  the  order,  late  in  September,  1914,  to 
report  for  service  in  France.  Between  October  6th  and  8th, 
the  3rd  Cavalry  Division,  commanded  by  Byng,  and  the 
7th  Division,  landed  at  Ostend  and  Zeebrugge.  Included 
in  the  former  formation  was  Byng's  own  regiment,  the 
10th  Royal  Hussars,  who  had  recently  arrived  from  Pot- 
chef  stroom.  South  Africa. 

Lord    Byng's    force    hastened    to    Bruges   where,    on 


Field  Marshal  Julian  Hedworth  Byng,  First  Viscount 
Byng  of  Vimy. 


In  1912  he  proceeded 


October  9th,  he  learned  that  Antwerp  had  fallen  that  day. 
Falling  back  from  Thourout  to  Roulers,  Byng's  division 
entered  Ypres  on  October  13th,  the  first  British  soldiers  to 
enter  that  town.  On  October  20th  began  the  first  battle  of 
Ypres.  Ivater  on  Lord  Byng  reported  to  duty  in  Gallipoli 
and  was  assigned  to  the  command  of  the  IX  Corps.  He 
remained  in  the  Dardanelles  until  the  evacuation  and 
returned  to  France  in  February,  1916,  to  take  command  of 
the  XVII  Corps.  His  association  with  that  force  was  brief, 
for  within  four  months  his  transfer  to  the  command  of  the 
Canadian  Corps  took  place,  and  on  May  28th,  1916,  began 
a  connection  between  Byng  and  the  Canadian  Corps 
which  lasted  for  over  a  yeaj-  and  added  to  the  renown  of 

both.  Subsequently  Lord  Byng 
was  promoted  to  command 
the  Third  Army  and  later  on 
became  a  full  general. 

During  his  command  of  the 
Canadian  Corps,  Byng  won 
the  affection  and  respect  of 
all  ranks,  and  nothing  could 
have  been  more  popular  than 
his  appointment  in  1919  to  be 
Governor  General  of  Canada 
in  succession  to  the  Duke  of 
Devonshire. 

He  came  to  Canada  in  1921 
and  during  his  term  as 
Governor  General  not  only 
deepened  the  affectionate 
regard  in  which  he  was  held 
by  the  Canadians  who  served 
under  him  in  France,  but  also 
became  one  of  the  most 
popular  representatives  of  the 
CrowTi  in  the  history  of  the 
Dominion. 

Following  his  return  to 
England  in  1926  Lord  Byng 
retired  to  his  estate  at  Thorpe- 
le-Soken  in  Essex,  and  for  a 
time  was  out  of  the  public  eye, 
until  in  1928  he  was  offered 
and  accepted  the  post  of  Chief 
Commissioner  of  the  Metro- 
politan Police  Force  of  Lon- 
don. He  retired  from  that 
office  in  1931  after  reorgani- 
zing the  Force  and  restoring  it 
to  a  position  commanding 
public  confidence. 

In  1932  Lord  Bjmg  was 
elevated  to  the  rank  of  Field 
Marshal.  He  was  the  recipient  of  many  honours  from 
foreign  governments,  being  Grand  Officer  of  the  Legion  of 
Honour,  with  the  Croix  de  Guerre  of  France,  the  Grand 
Cross  of  the  Order  of  the  Crown  of  Belgium,  and  the 
Belgian  Croix  de  Guerre,  the  Grand  Cross  of  St.  Vladimir 
of  Russia  (with  swords),  the  American  Distinguished 
Service  Medal  and  the  Order  of  the  White  Eagle  of  Serbia 
(with  swords). 

On  his  appointment  as  Governor  General,  Lord  Byng 
graciously  consented  to  become  an  Honorary  Member  of 
The  Engineering  Institute  of  Canada,  and  was  duly  elected 
on  January  10th,  1922. 
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OBITUARY 

George  Henry  Richardson,  A.M.E.I.C. 

It  is  with  regret  that  we  place  on  record  the  death  at 
Kelowna,  B.C.,  on  June  10th,  1935,  of  George  Henry 
Richardson,  a.m.e.i.c,  a  member  of  many  years  standing. 

Born  at  Toronto,  Ont.,  on  May  26th,  1868,  Mr. 
Richardson  graduated  from  the  School  of  Practical  Science, 
University  of  Toronto,  in  May  1888,  and  subsequently 
joined  the  staff  of  the  Canadian  Pacific  Railway  Company. 
From  March  to  August  1889  Mr.  Richardson  was  assistant 
engineer  on  construction  of  the  railway  between  London 
and  Windsor,  and  in  April  1890  he  was  transferred  to 
Toronto  as  assistant  on  the  Don  branch  and  Esplanade 
work.  In  1891  he  became  assistant  engineer  on  the  Niagara 
Falls  Park  and  River  Railway,  and  in  1893  went  west  as 
transitman  on  surveys  and  location  for  the  Crow's  Nest 
Pass  railway;  later  on  he  was  assistant  engineer  on  the 
Revelstoke  and  Arrow  Lake  branch  of  the  Canadian 
Pacific  Railway.  In  1903-1903  Mr.  Richardson  was 
assistant  engineer  for  the  city  of  Ottawa.  He  went  to 
Vancouver  Island  during  the  latter  part  of  the  Great  War, 
and  was  engaged  as  location  engineer  on  the  railway  exten- 
sion from  Alberni  to  Central  Lake.  After  completing 
that  work  he  retired  and  made  his  home  in  Victoria,  but 
in  1923  was  appointed  municipal  engineer  of  Oak  Bay, 
B.C.,  which  office  he  held  until  the  time  of  his  death. 

Mr.  Richardson  joined  The  Institute  (then  the  Cana- 
dian Society  of  Civil  Engineers)  as  a  Student  on  February 
24th,  1887,  and  on  May  23rd,  1895,  became  an  Associate 
Member. 

PERSONALS 

Engineer  Commander  Angus  D.  M.  Curry,  m.e.i.c, 
has  been  appointed  Director  of  Naval  Engineering,  Naval 
Service,  Department  of  National  Defence,  Ottawa,  Ont. 

B.  Russell,  M.E.I.C,  of  Vancouver,  B.C.,  has  been 
appointed  as  senior  engineer  in  charge  of  water  supply 
investigations  in  the  Prairie  Provinces,  and  will  make  his 
headquarters  at  Medicine  Hat,  Alta. 

A.  N.  Budden,  a.m.e.i.c,  of  the  Dominion  Engineering 
Company  Limited,  has  been  transferred  to  the  company's 
Toronto  office.  Mr.  Budden  was  formerly  located  at 
Montreal. 

K.  M.  Winslow,  a.m.e.i.c,  formerly  with  the  Dominion 
Engineering  Company  Ltd.,  at  Toronto,  has  been  trans- 
ferred to  Montreal. 

R.  M.  Smith,  a.m.e.i.c.  Deputy  Minister,  Depart- 
ment of  Public  Highways  of  Ontario,  has  been  appointed 
by  the  Ontario  government  to  assist  the  Grand  River  Con- 
servation Commission  in  further  projecting  its  conservation 
programme. 

Horace  L.  Seymour,  m.e.i.c,  town  planning  consultant 
of  Ottawa,  has  been  retained  by  the  Saint  John,  N.B.,  Town 
Planning  Commission  to  advise  them  in  the  preparation  of 
a  new  Town  Planning  Act  for  New  Brunswick  and  to  con- 
sult with  them  on  specific  problems  of  town  planning  and 
housing  in  Saint  John  and  district. 

John  N.  Flood,  Jr.,  a.m.e.i.c,  is  chairman,  and  A.  R. 
Crookshank,  m.e.i.c,  is  secretary  of  the  Saint  John  Town 
Planning  Commission.  Under  the  proposed  act  the  scope 
of  the  Commission  will  be  Avidened  and  the  co-operation  of 
local  technical  organizations  is  being  sought.  The  local 
Branch  of  The  Institute  has  shown  great  interest  in  the 
movement. 

Major  E.  L.  M.  Burns,  o.b.e.,  m.c,  a.m.e.i.c,  General 
Staff  Officer  Surveys,  Geographical  Section,  Department  of 
National  Defence,  Ottawa,  was  made  an  Officer  of  the 
Order  of  the  British  Empire  (Military  Division)  in  the 


King's  Birthday  Honours  List  for  1935.  Major  Burns  who 
is  a  graduate  of  the  Royal  Mihtary  College,  Kingston,  of 
the  year  1915,  spent  three  years  on  active  service  during  the 
late  war.  During  the  years  1928-1930  Major  Burns  was 
stationed  at  Quetta,  India,  where  he  attended  the  Staff 
College,  and  prior  to  his  present  appointment,  he  was  district 
engineer  officer  for  Military  District  No.  5,  Quebec,  Que. 


Raymond  A.  Yapp,  A.M.EI.C. 

Raymond  A.  Yapp,  a.m.e.i.c,  has  been  appointed 
sales  manager  of  Bepco  Canada  Limited,  of  Montreal  and 
Toronto,  which  is  an  amalgamation,  in  Canada,  of  Bruce 
Peebles  (Canada)  Ltd.,  Harland  Engineering  Company  of 
Canada  Limited,  Crompton  Parkinson  Canada  Limited 
and  the  Lancashire  Dynamo  and  Crypto  Company  of 
Canada  Limited.  Mr.  Yapp  graduated  from  the  University 
of  London  in  1921  with  the  degree  of  B.Sc,  and  following 
graduation  joined  the  firm  of  Lancashire  Dynamo  and 
Crypto  Company  Limited.  About  eleven  years  ago  he 
came  to  Canada  and  joined  the  Toronto  office  of  the  com- 
pany, and  later  was  transferred  to  Montreal  where  he  is 
now  located. 

Dr.  Charles  Camsell,  c.m.g.,  ll.d.,  f.r.s.c,  f.g.s.a., 
m.e.i.c.  Deputy  Minister  of  Mines,  Ottawa, and  a  Past-Presi- 
dent of  The  Institute  was  made  a  Companion  of  the  Order 
of  St.  Michael  and  St.  George  in  the  King's  Birthday 
list  of  Honours  recently  published.  Dr.  Camsell,  who  has  ex- 
plored all  northern  Canada,  joined  the  Canadian  Geological 
Service  in  1904  and  much  of  the  mapping  of  the  north  was 
due  to  his  exploration.  Dr.  Camsell  was  vice-president  of 
the  Canadian  Institute  of  Mining  and  Metallurgy  in  1921- 
1922,  vice-president  of  the  Royal  Society  of  Canada  in  1930, 
becoming  its  President  in  1931,  was  President  and  one  of 
the  founders  of  the  Canadian  Geographical  Society.  Dr. 
Camsell  was  President  of  The  Engineering  Institute  in  1932. 
Among  his  academic  honours  may  be  noted  the  degrees  of 
LL.D.  which  he  received  from  Queen's  University  in  1922 
and  from  the  University  of  Alberta  in  1929.  Hi?  achieve- 
ments as  an  explorer  were  recognized  in  1922  by  the  award 
to  him  of  the  Murchison  Grant  by  the  Royal  Geographical 
Society  as  an  appreciation  of  his  services  in  exploring 
northern  Canada;  his  long  connection  with  the  mining 
industry  was  fittingly  acknowledged  in  1931  when  the 
Institution  of  Mining  and  Metallurgy,  London,  presented 
him  with  its  gold  medal  for  his  work  in  promoting  the 
development  of  the  natural  resources  of  the  Dominion 
and  furthering  the  general  interests  of  the  mineral  industry. 
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Major-General  A.  G.  L.  McNaughton,  c.m.g.,  d.s.o., 
LL.D.,  M.E.I.C.,  has  been  appointed  chairman  of  the  National 
Research  Council,  Ottawa,  in  succession  to  Dr.  H.  M.  Tory. 
Major-General  McNaughton  has  been  for  the  past  six  years 
chief  of 'the  General  Staff  in  the  Department  of  National 
Defence.  He  graduated  from  McGill  University  in  1910 
with  the  degree  of  B.Sc,  and  in  1912  with  the  degree  of 
M.Sc,  and  during  the  years  1910  to  1914  was  attached  to 
the  department  of  electrical  engineering  at  the  same 
university.  In  1914  Major-General  McNaughton  was 
engaged  in  engineering  practice  in  Montreal,  carrying  out 
numerous  investigations  for  the  late  Dr.  L.  A.  Herdt, 
M.E.I. c,  on  subjects  connected  with  electrical  engineering. 
He  then  served  overseas  with  very  high  distinction,  and, 
upon  his  return  to  Canada,  joined  the  permanent  force  and 
was  appointed  to  the  command  of  military  district  No.  11, 
at  Victoria,  B.C.  In  1929  he  was  transferred  to  Ottawa  as 
Chief  of  the  General  Staff  and  member  of  the  Defence 
Council.  He  has  been  largely  responsible  for  the  organ- 
ization and  administration  of  the  relief  camps  and  projects 
throughout  the  country,  which  were  established  in  1932  and 
have  assisted  many  thousands  of  single  unemployed 
homeless  Canadians. 

J.  Clark  Keith,  a.m. E. i.e.,  chief  engineer  of  the  Essex 
Border  Utilities  Commission,  has  been  appointed  finance 
comptroller  of  the  new  City  of  Windsor,  which  includes 
Windsor,  WalkervUle,  Sandwich  and  East  Windsor.  As 
comptroller  he  will  be  the  chief  executive  officer  of  the  new 
city  in  charge  of  all  departments,  and  responsible  to  a  newly- 
appointed  three-man  finance  commission,  which  has 
general  supervision  over  all  financial  affairs  of  the  new  city. 
Mr.  Keith  graduated  from  the  University  of  Toronto  in  1911 
with  the  degree  of  B.A.Sc,  and  in  1912-1920  was  municipal 
engineer  of  the  city  of  Moose  Jaw.  In  1920  he  was  ap- 
pointed deputy  chief  engineer  of  the  Essex  Border  Utilities 
Commission  and  the  following  year  was  appointed  chief 
engineer  of  the  Commission.  In  1932  Mr.  Keith  became 
business  administrator  of  the  Metropolitan  General  Hos- 
pital in  addition  to  his  other  duties,  and  in  1934  he  was 
made  chief  executive  officer  of  the  Commission.  With  the 
merging  of  the  four  municipalities,  the  functions  of  the 
Essex  Border  Utilities  Commission  will  be  assumed  by  the 
Windsor  Utilities  Commission  with  which  Mr.  Keith  will 
probably  still  be  identified. 

Meeting  of  Council 

A  meeting  of  the  Council  of  The  Institute  was  held  at 
Headquarters  on  Tuesday,  June  18th,  1935,  at  eight 
o'clock  p.m.,  with  President  F.  A.  Gaby,  m.e.i.c,  in 
the  chair,  and  ten  other  members  of  Council  present. 

A  report  was  received  from  the  special  committee 
appointed  by  Council,  under  the  chairmanship  of  Mr.  C.  M. 
Pitts,  A. m.e.i.c,  to  consider  any  action  which  it  might  be 
possible  for  Council  to  take  in  connection  with  the  housing 
problem.  Letters  of  comment  from  a  number  of  councillors 
were  also  considered,  and  discussion  took  place,  after  which 
the  report  was  approved  and  the  Secretary  was  directed  to 
draw  the  attention  of  the  National  Construction  Council 
to  the  desirability  of  giving  further  consideration  to  the 
possibility  of  providing  low  cost  houses,  with  an  offer  of 
Council's  assistance  should  an  investigation  along  these 
lines  be  thought  desirable. 

Prolonged  consideration  was  given  to  a  charge  of 
unprofessional  conduct  and  the  representations  of  one  of 
The  Institute  branches  regarding  it,  after  which  it  was 
resolved  that  in  this  case  sufficient  grounds  had  not  been 
disclosed  to  institute  a  formal  investigation. 

A  report  was  presented  from  a  committee  appointed  by 
Council,  under  the  chairmanship  of  Mr.  J.  A.  Vance, 
a.m. E. I.e.,    to   study   the    conditions    of    employment    of 


engineers  under  the  Highway  Improvement  Act  of  Ontario. 
After  considerable  discussion  the  report  was  approved,  and 
the  committee  was  authorized  to  make  representations  to 
the  officers  of  the  Provincial  Government  in  accordance 
with  the  recommendations  contained  in  the  report. 

The  Secretary  reported  receipt  of  the  securities  donated 
to  The  Institute  by  Past-President  Duggan  and  constituting 
the  fund  for  the  prize  which  he  is  establishing,  and  stated 
that  in  accordance  with  Council's  directions  he  had  written 
to  Mr.  Duggan  expressing  Council's  gratitude  for  this 
generous  gift. 

It  was  noted  with  appreciation  that  Mr.  E.  P.  Muntz, 
M.E.i.e.,  had  consented  to  act  as  The  Institute's  representa- 
tive on  the  National  Construction  Council  of  Canada,  and 
that  Mr.  A.  H.  Harkness,  M.E.i.e.,  would  continue  to  act  as 
alternate  representative. 

A  progress  report  was  presented  from  Colonel  C.  S.  L. 
Hertzberg,  M.E.i.e.,  chairman  of  the  Papers  Committee  of 
The  Institute,  drawing  attention  to  the  service  which 
could  be  rendered  to  The  Institute  by  prominent  members 
who  have  occasion  to  travel  if  they  would  take  the  op- 
portunity of  stopping  off  and  addressing  outlying  branches. 

Two  resignations  were  accepted,  three  reinstatements 
were  effected,  one  member  was  replaced  on  the  active  list, 
and  a  number  of  special  cases  were  dealt  with. 

A  number  of  applications  for  admission  and  for  transfer 
were  considered,  and  the  following  elections  and  transfers 
were  effected: 

Elections  Transfers 

Assoc.  Members 5  Assoc.  Member  to  Member ...    2 

Juniors 2  Junior  to  Assoc.  Member 1 

Affiliate 1  Student  to  Junior 3 

Students  admitted 7 

The  Council  rose  at  twelve  o'clock  midnight. 

The  Past- Presidents  Prize  1935-36 

The  Council  has  selected  as  the  subject  of  the  essays  to 
be  submitted  for  the  competition  for  the  prize  year  July 
1st,  1935  to  June  30th,  1936:— 

The  Engineer's  Contribution  to  Transportation 

The  rules  governing  the  award  of  this  prize  are  as 
follows  :— 

The  prize  shall  consist  of  a  cash  donation  of  the  amount 
of  one  hundred  dollars,  or  the  winner  may  select  books  or 
instruments  of  no  more  than  that  value  when  suitably 
bound  and  printed,  or  engraved  as  the  case  may  be. 

The  prize  shall  be  awarded  for  the  best  contribution 
submitted  to  the  Council  of  The  Institute  by  a  member  of 
The  Institute  of  any  grade  on  a  subject  to  be  selected  and 
announced  by  the  Council  at  the  beginning  of  the  prize 
year,  which  shall  be  July  1st  to  June  thirtieth. 

The  papers  entered  for  the  competition  shall  be  judged 
by  a  committee  of  five,  to  be  called  the  Past-Presidents' 
Prize  Committee,  which  shall  be  appointed  by  the  Council 
as  soon  after  the  Annual  Meeting  of  The  Institute  as  prac- 
ticable. Members  and  Honorary  Members  only  shall  be 
eligible  to  act  on  this  committee. 

It  shall  be  within  the  discretion  of  the  committee  to 
refuse  an  award  if  they  consider  no  paper  of  sufficient  merit. 

All  papers  eligible  for  the  competition  must  be  the 
bona  fide  work  of  the  contributors  and  must  not  have  been 
made  public  before  submission  to  The  Institute. 

All  papers  to  be  entered  for  the  competition  must  be 
received  during  the  prize  year  by  the  General  Secretary  of 
The  Institute,  either  direct  from  the  author  or  through  a 
local  branch. 
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THE  ENGINEERING  INSTITUTE  OF  CANADA 

RECORD  OF  MEMBERS  WHO  SERVED  OVERSEAS 

1914-1918 

Council  has  given  instructions  that  the  permanent  bronze  tablet  giving  a  list  of  those  members  of  The  Institute 
who  served  overseas  is  to  be  proceeded  with.  This  will  complete  The  Institute's  War  Memorial  and  the  following'  list  of 
names  will  be  placed  on  record.    Corrections  can  be  made  if  received  not  later  than  August  1st,  1935. 

This  list  has  been  made  up  in  accordance  with  the  instructions  of  Council  to  include  the  names  of  all  those  who 
belonged  to  The  Institute  in  any  class  of  membership  and  during  that  membership  served  with  the  allied  land,  air  or 
naval  forces  outside  of  Canada  and  the  United  States  between  August  1914  and  November  1918. 


C.  A.  Ablett,  O.B.E. 

H.  L.  Bunting,  M.C. 

J.  Adam 

F.  R.  Burfield 

W.  A.  Adam,  M.C. 

G.  K.  Burnett 

F.  P.  Adams 

B.  H.  A.  Burrows 

W.  D.  Adams.  M.C. 

G.  A.  Butler 

E.  K.  Adamson 

T.  H.  Byrne 

L.  S.  Adiard 

A.  W.  Agnew 

A.  B.  Aitken,  M.C. 

W.  P.  Caddel) 

A.  M.  Alberga 

J.  F.  F.  Cahan 

G.  F.  Alberga 

R.  M.  Calvin 

F.  G.  Aldous 

C.  S.  Cameron 

K.  Alexander,  O.B.E. 

J.  A.  Cameron 

E.  B.  Allan,  M.C. 

0.  L.  Cameron 

H.  D.  Allan 

A.  Campbell 

L.  E.  Allen 

J.  J.  Campbell,  M.C. 

F.  Alport,  M.C. 

T.  C.  Campbell 

F.  X.  Amoss,  M.C. 

W.  I.  H.  Campbell 

A.  A.  Anderson,  D.S.O. 

F.  L.  Cann 

A.  C.  Anderson 

C.  M.  Canniff 

A.  G.  Anderson,  M.M. 

C.  L.  Cantley 

G.  F.  Anderson,  M.C. 

E.  G.  M.  Cape,  D.S.O. 

T.  v.  Anderson,  D.S.O.,  (F) 

C.  N.  T.  Carnsew,  M.C. 

D.  G.  Anglin 

J.  Carroll 

L.  Annereau 

H.  R.  Carscallen,  M.C. 

C.  J.  Armstrong,  C.B.,  C.M.G.,  (F) 

C.  L.  Cate 

,J.  D.  Armstrong 

J.  E.  Caughey 

R.  F.  Armstrong,  M.C. 

A.  L.  Cavanagh,  M.C. 

W.  Armstrong 

F.  G.  Chadwick,  M.C. 

A.  P.  Augustine 

H.  D.  Chambers 

F.  D.  Austin 

F.  Chappell 

C.  R.  Avery 

H.  H.  Charles 

P.  Charton,  (F) 

T.  H.  Bacon 

M.  P.  Chevalier 

H.  C.  Baker,  Jr.,  M.C. 

C.  G.  Childe 

J.  C.  Ball,  D.S.O.,  O.B.E.,  (F) 

K.  G.  Chisholm 

S.  Ball 

C.  W.  U.  Chivers,  D.S.O.,  M.C. 

T.  B.  Ballantyne 

H.  R.  M.  Christie 

R.  G.  Bangs 

A.  W.  G.  Clark 

N.  M.  Barclay,  M.C. 

F.  Clarke 

H.  F.  Barnes 

F.  F.  Clarke,  D.S.O.  &  Bar 

L.  F.  Barnes 

T.  W.  Clarke,  M.B.E. 

W.  C.  Bate,  M.C.  &  Bar 

J.  Clendinning 

H.  E.  Bates 

H.  G.  Cochrane 

C.  Batho 

J.  R.  Cockburn,  M.C. 

M.  E.  Bauset 

R.  N.  Coke 

C.  M.  Bayne 

G.  E.  Cole 

F.  K.  Beach 

E.  V.  Collier,  D.S.O. 

H.  P.  Beaudoin 

C.  CoUingwood,  M.M. 

J.  M.  Begg 

W.  S.  Collins,  M.C. 

G.  E.  Bell 

H.  S.  Cooper 

D.  P.  Bell-Irving 

J.  H.  Cornish 

G.  A.  Bennet 

J.  R.  Cosgrove,  D.S.O.,  M.C. 

C.  S.  Bennett 

G.  W.  Coward 

H.  F.  Bennett 

R.  P.  Cowen 

B.  C.  Berry 

A.  T.  N.  Cowley 

M.  C.  J.  Beullac 

F.  P.  V.  Cowley 

D.  W.  Bews 

F.  A.  Creighton,  (F) 

R.  Bickerdike,  Jr.,  D.S.O.  &  Bar 

H.  C.  Craig 

L.  M.  Bidwell 

J.  C.  Craig,  D.S.O. 

.J.  R.  Biggs 

E.  A.  Crawley 

P.  V.  Binns,  M.C. 

J.  A.  Creasor,  M.C. 

E.  R.  Birchard 

H.  T.  Crosbie 

J.  M.  Bishop 

F.  G.  Cross 

T.  A.  G.  Bishop 

W.  B.  Crossing 

A.  P.  Black 

H.  Crutchfield 

J.  W.  B.  Blackman 

C.  R.  Crysdale,  M.C. 

W.  E.  Blue,  D.S.O. 

J.  G.  Culshaw 

H.  L.  Bodwell,  C.M.G.,  D.S.O.,  (F) 

A.  L.  Gumming 

J.  L.  H.  Bogart,  D.S.O. 

A.  I.  Cunningham 

E.  J.  Bolger 

J.  H.  Curzon 

F.  L.  C.  Bond,  D.S.O. 

C.  D.  G.  Booth 

P.  D.  Booth,  D.S.O.,  M.C. 

C.  A.  d'Arrast  D'Abbadie 

M.  L.  Boswell 

W.  R.  C.  DaCosta 

W.  Bowden 

F.  A.  Dallyn 

E.  P.  Bowman 

G.  F.  Dalton,  M.C. 

F.  Bowman 

W.  T.  Daniel 

J.  H.  Brace 

E.  F.  M.  Danu 

J.  H.  Bradley 

G.  H.  Davis 

W.  Brass 

W.  E.  Davis.  D.S.O. 

J.  F.  Brett 

W.  M.  Davis 

F.  E.  A.  Bremner 

H.  Daw 

F.  M.  Brickenden 

A.  S.  Dawes,  M.C. 

E.  D.  G.  Brouse 

F.  J.  Dawson 

C.  K.  Brown,  M.C. 

I.  H.  Dawson,  M.C. 

C.  W.  Brown,  M.C. 

,1.  K.  Dawson 

D.  M.  Brown 

G.  deCardaillac,  (F) 

J.  C.  Brown,  O.B.E. 

C.  S.  deGruchy,  M.C. 

L.  B.  Brown 

C.  T.  deKam 

W.  G.  Brown 

J.  A.  DeLancey,  M.C. 

E.  F.  Browne 

F.  J.  Delaute,  O.B.E. 

G.  A.  Browne 

H.  G.  S.  Delepine 

G.  H.  Brunner 

A.  C.  J.  de  Lotbiniere,  C.B.,  (F) 

W.  F.  M.  Bryce 

S.  N.deQuetteville 

C.  A.  Buck 

L.  H.  Derrer 

R.  S.  Buck,  D.S.O. 

R.  A.  deValter 

S.  W.  Bulman 

E.  v.  Deverall,  M.C.  <fe  Bar 

(F)  Foreign  Orders. 

W.  J.  Dickson,  M.M. 

W.  N.  Dietrich 

J.  V.  Dillabough 

H.  G.  Dirasdale,  M.C. 

W.  W.  Dines 

G.  B.  Dixon 

F.  W.  W.  Doane 
W.  L.  Dobbin 

G.  J.  Dodd 
C.  A.  Doherty 

J.  M.  Donaldson 

P.  E.  Doncaster 

C.  B.  C.  Donnelly,  (F) 

C.  O.  Donnelly 

H.  H.  Donnelly 

J.  W.  Dorsey 

F.  W.  Douglas 

E.  E.  Down 
R.  W.  Downie 
W.  H.  Draper 

F.  S.  Drummond 
L.  Drummond 

A.  E.  Dubuc,  D.S.O.  &  Bar,  (F) 

C.  G.  DuCane,  O.B.E. 

P.  B.  Duff 

J.  C.  Dufresne 

H.  S.  Duggan 

K.  L.  Duggan 

A.  F.  Duguid,  D.S.O. 

P.  E.  Dulieux 

E.  Duncan 

W.  E.  P.  Duncan 
H.  J.  Dunlap,  M.C. 

G.  Dupont 

H.  A.  Dupre,  M.C. 

F.  S.  Dyke 


R.  S.  Eadie 

E.  A.  Earl 

F.  G.  Earle 
H.  Earle 

I..  I.  Easton,  M.C. 
H.  T   Eaton 
A.  C.  Eddy 
.1.  H.  Edgar 

C.  W.  Edmonds 
A.  J.  Edward 
H.  A.  Elgee 

G.  R.  Elliott 

D.  S.  Ellis,  D.S.O. 
J.  Ellis 

.1.  G  St  J.  Ellis 
S.  C.  Ells 
F.  E.  Emery 

F.  H.  Emra,  O.B.E. 

D.  J.  Emrey,  M.C,  M.M. 
A.  E.  Evans 

G.  W.  F.  R.  Evans,  M.C. 
W.  M.  Everall 

C.  Ewart,  D.S.O. 

D.  M.  Ewart,  M.C. 
W.  A.  Ewing,  M.M. 


R.  M.  Fair 

J.  Farrow 

A.  W.  Ferguson 

G.  H.  Ferguson 

G.  H.  Ferguson,  M.C. 

J.  Ferguson 

L.  L.  Ferguson 

T.  Ferrier 

C.  B.  Ferris,  D.C.M.,  (F) 

C.  V.  Fessenden 

E.  P.  Fetherstonhaugh,  M.C. 

W.  S.  Fetherstonhaugh,  C.B.E. 

P.  A.  Fetterly 

E.  G.  Fiegehen 
W.  M.  Fife 

A.  D.  Fisken,  M.C. 
G.  O.  Fleming 

F.  P.  Flett 

C.  Flint,  D.S.O.,  (F) 

W.  .J.  Forbes-Mitchell,  D.S.O. 

W.  S.  Ford 

J.  L.  Foreman 

E.  S.  Fowlds 

F.  S.  Fowler,  M.C. 
C.  J.  Fox,  M.C. 
W.  L.  Frame 

E.  W.  Francis 
C.  E.  Fraser 
J.  A.  Fraser 

W.  G.  French,  M.M. 
C.  H.  R.  Fuller 

F.  Fyshe 


C.  E.  Gage 

O.  J.  Gagnier 

J.  S.  Galbraith,  M.C. 

R.  D.  Galbraith,  M.C. 

O.  G.  Gallaher 

A.  Galloway 

J.  C.  Galway 

C.  W.  Gamble 

W.  M.  Gardner 

A.  C.  Garner,  D.S.O. 

A.  B.  Garrow 

F.  M.  Gaudet,  C.M.G.,  (F) 
A.  .J.  Gayfer 

G.  Gear 

C.  N.  Geale 

C.  F.  Gervan 
H.  M.  Gibb 

J.  M.  Gibson,  D.S.O. 
J.  M.  Gibhrist 
L.  W.  Gill 
J.  R.  Gilley 

A.  Gillies 
W.  C.  Gillis 

E.  P.  Girdwood 
R.  deB.  Girouard 
.1.  C.  Glanville 

F.  W.  Glover 

T.  S.  Glover,  M.C. 

F.  T.  Gnaedinger.  M.M. 

B.  Godwin 

E.  C.  Goldie,  D.S.O. 

G.  A.  Gooderham 
M.  L.  Gordon 

D.  F.  Gorrie 
D.  A.  Graham 

D.  S.  Graham 

E.  R.  Grange,  D.S.C.,  (F) 
J.  R.  Grant,  M.C. 

LeR.  F.  Grant 

R.  P.  Graves 

A.  W.  Gray 

L.  K.  Greene 

P.  W.  Greene 

E,  O.  Greening 

A.  H.  Gree.ilees 

H.  S.  Greenwood 

A.  W.  Gregory,  M.C. 

W.  A.  E.  Grim 

E.  Grummitt 

R.  W.  Guy,  M.M. 

H.  N.  Gzowski 

H.  Hadley 

H.  J.  A.  Haffner 

J.  S.  Hall 

N.  M.  Hall,  O.B.E. 

T.  E.  A.  Hall 

G.  M.  Hamilton,  M.C. 

H.  E.  R.  Hamilton 

.J.  Hammersley-Heenan 

H.  S.  Hancock,  Jr. 

J.  Handley 

C.  F.  Hanington 
J.  J.  Hanna 

J.  T.  Hanning 

R.  H.  Harcourt 

W.  G.  Hardy 

R.  B.  Harkness,  D.S.O.,  (F) 

J.  F.  Harkom,  M.C. 

J.  W.  Harkom 

A.  D.  Harris 

R.  W.  Harris 

E.  H.  Harrison,  M.C. 
.J.  P.  Harvey,  M.C. 

F.  G.  Haven 
E.  E.  Hawkins 

S.  H.  Hawkins,  M.C. 

A.  K.  Hay 

N.  K.  Hay,  (F) 

W.  W.  Hay 

L.  T.  Hayman 

J.  G.  Hay  ward 

T.  J.  C.  Heeney 

J.  G.  Helliwell 

R.  A.  Henderson 

T.  D.  Henderson 

C.  S.  L.  Hertzberg,  M.C,  (F) 

H.    F.    H.    Hertzberg,   C.M.G.,    D.S.O., 

M.C. 
C  L.  Hervey,  D.S.O. 
J.  A.  Hesketh,  C.M.G.,  D.S.O. 
E.  P.  Heywood 
H.  P.  Heywood 
J.  H.  Hewson 
H.  C  Hick 
E.  M.  M.  Hill 

D.  Hillman,  D.S.O. 
W.  E.  Hobba 
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H.  W.  Hodge 

A.  E.  Hodgins 

F.  O.  Hodgins,  D.S.O. 
H.  M.  T.  Hodgson 

B.  B.  Hogarth 

C.  E.  Hogarth 

A.  Holland 

G.  C.  Hoshal 

J.  W.  Houghton 

J.  Houliston,  D.S.O. 

J.  A.  Hougton 

B.  H.  Hughes 

C.  A.  Hughes,  M.M. 

G.  B.  Hughes,  C.B.,  C.M.G.,  D.S.O. 

H.  T.  Hughes,  C.M.G.,  D.S.O.       . 

E.  E.  H.  Hugli 

G.  B.  Hull 

A.  E.  Humphrey,  D.S.O. 

W.  H.  Hunt,  M.C. 

W.  H.  Hunter 

W.  B.  Hutcheson 

C.  J.  Ingles.  D.S.O. 

C.  W.  Innes 

J.  H.  Irvine 

J.  C.  Irving 

T.  C.  Irving,  D.S.O. 

A.  M.  Jackson 
R.  Jacquemart 
J.  H.  E.  Jaffary 
E.  A.  Jamieson 
G.  A.  F.  R.  Janin 

P.  J.  Jennings,  O.B.E. 

T.  Jepson 

E.  N.  Johnson 

G.  A.  Johnson,  M.C. 

B.  A.  Johnston 

G.  W.  F.  Johnston 

H.  W.  Johnston 

J.  H.  Jones 

W.  G.  Jones 

W.  H.  Jones 

R.  L.  Junkin,  M.C. 

J.  A.  Keefer,  M.C. 

A.  J.  Kelly,  M.C.  &  Bar 

J.  C.  Kemp,  D.S.O.,  M.C. 

H.  C.  Kennedy 

H.  E.  M.  Kensit 

E.  S.  Kent 
V.  J.  Kent 

A.  R.  Ketterson,  D.S.O. 
W.  W.  King 
L.  B.  Kingston,  M.C. 
L.  W.  Klingner,  M.C. 

F.  W.  Knewstubb 

A.  G.  Knight,  D.S.O.,  M.C. 

F.  C.  Knight 

J.  A.  Knight,  M.C. 

G.  H.  Kohl 

F.  H.  Kortright 

L.  H.  LafFoley 
P.  A.  Laing,  M.C. 
H.  J.  Lamb,  D.S.O. 
S.  R.  Lamb 
Y.  Lamontagne 

G.  E.  LaMothe,  M.C. 

C.  S.  Landon 

P.  A.  Landry,  O.B.E. 
A.  J.  Latornell 

F.  M.  Law  ledge 
A.  J.  Lawrence 
W.  S.  Lawrence 

G.  F.  Layne,  M.C. 
S.  T.  Layton,  M.C. 

F.  E.  Leach 

R.  G.  E.  Leckie,  C.M.G. 

W.  J.  LeCIair 

P.  L.  P.  LeCointe,  (F) 

H.  Lefebvre,  M.C. 

A.  G.  T.  LeFevre,  D.S.O.,  (F) 

A.  Leger 

A.  H.  Legge 

V.  J.  Lennox 

I.  Leonard,  D.S.O. 

C.  C.  Lindsay.  M.C,  (F) 

G.  A.  Lindsay 
R.  E.  Lindsay 

A.  P.  Linton,  O.B.E. 

E.  C.  Little,  (F) 

D.  A.  Livingston 

F.  F.  Longley,  C.B.E.,  (F) 
W.  E.  Longworthy,  M.C. 
H.  R.  Lordly 

H.  C.  Lott,  M.C. 
T.  R.  Loudon 
W.  E.  Lovell 
N.  Lowden,  M.C. 

E.  J.  Lowe 

F.  T.  Lucas 

H.  A.  Lumsden 
R.  G.  Lye 

D.  Lyell,  C.M.G.,  C.B.E.,  D.S.O.,  (F) 
C.  D.  Lyon.  M.C. 

E.  N.  Lyon 

E.  L.  Lyons 

C.  A.  Macaulay 

F.  Macarthur 

A.  C.  MacDonald,  D.S.O.,  (F) 

A.  T.  Macdonald 

C.  A.  Macdonald 

C.  B.  R,  Macdonald 

J.  C.  MacDonald.  M.C. 

L.  S.  MacDonald 

W.  M.  B.  Macdonald 

(F)   Foreign  OrdeTE. 


A.  E.  MacGregor 

J.  G.  MacGregor,  M.S.M. 

B.  H.  T.  Mackenzie 

C.  J.  Mackenzie,  M.C. 
H.  J.  MacKenzie,  M.C. 
J.  A.  MacKenzie,  D.S.O. 
J.  F.  MacKenzie 

W.  L.  Mackenzie 

K.  R.  MacKinnon,  M.C.  &  Bar 

M.  A.  MacKinnon 

O.  T.  Macklem 

J.  B.  MacLachlan,  M.C. 

R.  C.  MacLachlan 

G.  P.  MacLaren 

D.  G.  MacLean 
N.  J.  Maclean 
T.  A.  MacLean 
A.  L.  MacLennan 

G.  G.  MacLennan,  (F) 

G.  MacLeod 

G.  W.  MacLeod,  D.S.O.  &  Bar 

A.  Macphail,  C.M.G..  D.S.O..  (F) 

D.  MacPherson 

O.  C.  Macpherson,  O.B.E. 

J.  P.  Macheras 

C.  M.  Macreath 

C.  B.  Magrath 

W.  H.  Magwood 

H.  L.  Mahaffy 

H.  W.  Mahon 

T.  C.  Main,  (F) 

W.  L.  Malcolm 

C.  S.  Manchester 

H.  S.  Manisty,  M.C. 

A.  B.  Manson 

O.  J.  Marchbank 

J.  Marshall 

J.  A.  P.  Marshall 

B.  E.  Martin 

J.  Mason,  D.S.O.,  M.C. 

W.  Matheson 

J.  E.  Mathews,  M.C.  &  Bar 

C.  H.  Mathewson,  M.C. 

D.  M.  Mathieson,  M.C. 
G.  S.  Maunsell 

W.  G.  Mawhinney 

J.  D.  McBeath 

W.  R.  McCaffrey 

N.  F.  McCaghey,  D.S.O.,  M.C. 

J.  W.  McCammon 

G.  A.  McClintock 

S.  E.  McColl 

T.  C.  McConkey 

H.  E.  McCrudden 

G.  E.  McCuaig,  C.M.G.,  D.S.O.   &  Bar 

M.  W.  McCutcheon 

S.  S.  McDiarmid 

H.  F.  McDonald,  C.M.G.,  D.S.O.,  (F) 

J.  N.  McDonald 

A.  McDougall,  C.B.,  (F) 

A.  L.  McDougall 

A.  B.  McEwen,  D.S.O. 

M.  L.  D.  McFarlane 

W.  T.  McFarlane 

F.  A.  McGiverin,  M.C. 

J.  McGregor,  D.S.O. 

W.  A.  Mclnnes 

E.  D.  Mcintosh 
W.  L.  Mcintosh 
J.  K.  McKay 
R.  McKillop 

A.  W.  McKnight 
R.  C.  McKnight 

D.  B.  McLay 

E.  B.  McLean 
J.  Reg.  McLean 
J.  Rose  McLean 
N.  B.  McLean 
R.  A.  MoLellan 
A.  G.  McLerie 
W.  S.  McMaster 

H.  C.  McMordie,  M.C. 

A.  G.  L.  McNaughton,  C.M.G.,  D.S.O. 

J.  A.  McNicol 

J.  McNiven 

D.  S.  McPhail 

M.  N.  McPhee.  M.C. 

A.  J.  McPherson 

H.  R.  McQueen 

J.  P.  McRae 

H.  G.  McVean 

A.  de  C.  Meade,  M.C. 

J.  C.  Meade 

F.  C.  Mechin 
V.  M.  Meek 

A.  U.  Meikle,  M.C. 

J.  M.  Menzies 

L.  F.  Merryleea 

W.  C.  Merston,  M.C.  &  Bar,  D.C.M. 

H.  F.  V.  Meurling,  D.S.O.,  M.C,  (F) 

V.  Michie 

J.  R.  Middleton 

A.  L.  Mi^ville.  D.S.O.,  M.C 

L.  Mignault 

A.  P.  Miller,  D.S.O..  M.C.  &  Bar 

A.  S.  Miller 

H.  B.  Miller.  M.C. 

W.  C  Miller 

W.  M.  Miller,  M.C. 

C  A.  Millican 

F.  S.  Milligan,  M.C. 

F.  O.  Mills 
L.  G.  Mills 
A.  H.  Milne 
J.  E.  Milne 
J.  A.  Milot 

C.  H.  Mitchell,  C.B.,  CM  G.,  D.S.O.,  (F) 
C  N.  Mitchell,  V.C.  M.C. 

G.  Mitchell,  M.C. 
J.  C.  Mitchell 


R.  W.  Mitchell,  M.C. 
J.  Monckton-Case 
W.  Monds 
G.  H.  N.  Monkman 
T.  M.  Montague,  (F) 
S.  C  Montgomery,  M.C. 
G.  C  P.  Montizambert 
H.  St. J.  Montizambert 
W.  H.  Moodie,  D.S.O. 
F.  H.  Moody 

F.  M.  Mooney 

W.  N.  Moorhouse,  D.S.O.,  (F) 

P.  J.  Moran 

B.  M.  Morris 

H.  I.  Morris 

H.  F.  Morrisey 

T.  S.  Morrisey,  D.S.O.,  (F) 

H.  K.  Morrison 

J.  H.  T.  Morrison 

J.  R.  Morrison 

T.  E.  Morrison 

H.  M.  Morrow.  M.C. 

G.  P.  Morse 

F.  R.  Mortimer 
H.  A.  Morton 
K.  W.  Morton 

G.  B.  Moxon 

H.  B.  Muckleston 

R.  Mudge 

T.  Muirhead 

J.  M.  L.  G.  Mullon 

R.  H.  Mulock,  C.B.E.,  D.S.O.  &  Bar 

A.  H.  Munro 

J.  H.  Munro 

W.  H.  Munro 

E.  P.  Muntz 

P.  F.  Murphy 

H.  A.  Murray 

J.  Murray.  M.M. 

N.  Murray 

R.  H.  Murray 

V.  F.  Murray 

W.  P.  Murray.  M.C 

J.  C  Murton 


A.  C.  Reid 

J.  G.  Reid,  D.S.O. 

R.  H.  Reid 

G.  E.  Revell 

G.  Reynolds 

C  C.  Richards 

A.  A.  Richardson,  O.B.E. 

C  E.  Richardson,  M.C 

C  W.  B.  Richardson 

F.  A.  Richardson 
S.  S.  Richardson 

W.  A.  Richardson,  M.C. 
W.  F.  Richardson,  M.C. 
W.  H.  Richardson,  M.C  &  Bar 

A.  G.  Riddell,  M.C. 

B.  Ripley,  C.B.E.,  D.S.O. 
A.  B.  Ritchie,  M.C,  (F) 
W.  W.  Ritchie 

J.  R.  Roberts 

A.  K.  Robertson 

A.  M.  Robertson,  M.C. 

T.  E.  Robinson 

L.  B.  Rochester 

C  H.  Rogers,  M.C. 

C  S.  G.  Rogers 

R.  P.  Rogers,  D.S.O. 

O.  Rolfson 

J.  M.  Rolston,  D.S.O.,  (F) 

G.  Romanes 
H.  M.  Roscoe 
J.  T.  Rose 

P.  E.  M.  Rosenorn 
J.  H.  Rosher 

C.  F.  D.  Ross 
G.  W.  Ross 

F.  G.  Rounthwaite 
J.  C  Rowan 
H.  G.  Rowley 
A.  V.  Roy 
T.  D.  Ruggles 
F.  C  Rust 
F.  S.  Rutherford 
C  C  Ryan.  M.C. 


T.  E.  Naish 

R.  T.  H.  Sailman 

C  R.  Needs 

B.  J.  Saunders 

S.  A.  Neilson 

R.  G.  Saunders,  M.C. 

D.  H.  Nelles 

W.  L.  Saunders 

A.  Nowlan 

J.  K.  Scammell 

A.  N.  Scott,  M.C. 

E.  H.  Scott 

S.  M.  Oborn 

G.  D.  Scott 

A.  A.  Oldfield 

G.  M.  Scott 

F.  J.  O'Leary,  D.S.O..  M.C  &  2  Bars 

H.  M.  Scott 

H.  G.  O'Leary 

M.  A.  Scott,  D.S.O.,  (F) 

J.  E.  Openshaw 

N.  M.  Scott 

R.  H.  O'Reilly 

W.  D.  Scott 

C.  D.  Otty 

F.  K.  Searancke 

G.  N.  D.  Otty 

H.  V.  Serson 

R.  B.  Owens,  D.S.O. 

E.  R.  W.  Seymour 
S.  W.  Shackell,  M.M. 

A.  C  Oxley,  M.C.  D.C.M. 

J.  M.  Oxley 

G.  L.  Shanks 

C  N.  Shanly 

J.  A.  Page 

R.  E.  Shannon 

H.  M.  Pardee 

G.  W.  Shearer,  D.S.O.  &  Bar 

J.  Paris 

O.  H.  Shenstone 

C  S.  Parke 

H.  W.  R.  Shepherd 

S.  D   Parker 

N.  C  Sherman 

J.  H.  Parks,  D.S.O.,  O.B.E.,  (F) 

H.  L.  Sherwood 

C  B.  Parr 

W.  H.  Shillinglaw 

C  St.C  Parsons 

L.  E.  Silcox,  D.S.O. 

R.  H.  Parsons 

A.  J.  Sill 

P.  deL.  D.  Passy 

A.  W.  Sime 

A.  L.  Patterson 

R.  Simpson 

R.  G.  Patterson,  M.M. 

H.  B.  Sims 

L.  F.  Pearce,  D.S.O.,  M.C. 

A.  F.  Smith 

W.  G.  Pearse 

A.  P.  Smith 

H.  M.  Peck 

D.  A.  Smith 

E.  Peden 

D.  R.  Smith 

H.  B.  Pelletier 

R.  S.  Smith.  O.B.E..  (F) 

E. H.  Pense 

W.  R.  Smith 

H.  W.  Perkins 

W.  W.  Smith 

G.  W.  H.  Perley 

E.  S.  Smyth 

B.  R.  Perry 

R.  G.  Sneath 

C  V.  Perry,  M.C. 

T.  D.  Sneath.  M.C. 

K.  M.  Perry,  D.S.O.  &  Bar 

R.  Snodgrass 

S.  M.  Peterkin 

F.  A.  Snyder,  (F) 

H.  Peters 

R.  Sohier,  (F) 

F.  A.  Pickering 

D.  C  Spears 

E.  R.  B.  Pike 

R.  A.  Spencer,  M.C  &  Bar 

H.  H.  Pinch 

P.  O.  Spicer 

R.  C  L.  Pinget,  (F) 

A.  R.  Sprenger 

W.  A.  Plant,  M.M. 

H.  Sprenger 

A.  S.  Poe 

G.  Sproule 

R.  A.  Pook 

A.  D.  Stalker 

W.  B.  Porte 

E.  A.  Stanger 

A.  T.  Powell,  D.S.O. 

H.  P.  Stanley,  D.S.O. 

R.  W.  Powell,  M.C.  &  Bar 

G.  J.  Staples 

T.  E.  Powers,  D.S.O. 

W.  H.  Stark 

A.  L.  Powter 

H.  G.  Starr 

T.  E.  Price 

W.  D.  Staveley,  M.C. 

J.  E.  Pringle 

W.  D.  Stavert 

E.  Probst,  (F) 

C  M.  Steevea 

E.  F.  Pullen,  D.S.O. 

C  Stephen 

J.  H.  Puntin 

G.  E.  Stephenson 

J.  M.  Purcell 

E.  W,  Stern 

J.  S.  Pym,  D.C.M. 

W.  F.  Stevenson 

A.  Stewart 

W.  E.  Raley 

A.  E.  Stewart 

J.  H.  Ramsay,  M.C.  &  Bar 

A.  G.  Stewart 

C  W.  P.  Ramsey.  C.M.G. ,  D.S.O. 

A.  M.  Stewart 

T.  G.  Randolph,  M.C. 

H.  W.  Stewart 

P.  H.  Raney 

J.  C  Stewart,  D.S.O. 

F.  S.  Rankin 

J.  B.  Stirling 

G.  Rankin 

R.  A.  Stirling 

J.  E.  Ratz 

A.  A.  St.  Laurent 

W.  B.  Redman 

G.  P.  Stirrett 

E.  W.  Reed-Lewis 

D.  H.  Storms,  M.C. 

W.  J.  D.  Reed-Lewis,  O.B.E, 

R.  S.  Stronach 
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J.  C.  K.  Stuart 

W.  J.  Stuart 

D.  M.  Sutherland 

J.  R.  S.  Sutherland 

H.  L.  Swan 

W.  G.  Swan,  D.S.O., 

C.  J.  Swift 

J.  A.  Symes 

C.  F.  Szammers,  (F) 


(F) 


V.  H.  Tait 

J.  F.  Tanton 

H.  W.  Tate 

A.  J.  S.  Taunton,  D.S.O. 

F.  W.  Taylor-Bailey,  M.C. 

G.  R.  Taylor 
A.  Theriault 

J.  H.  Thompson 

G.  O.  Thorn 

S.  M.  Thorne,  M.C,  (F) 

L.  B.  Tillson,  M.C. 

J.  A.  Tilston 

A.  Timbrell 

F.  H.  Tingley,  M.C. 
M.  Tison 

J.  A.  Tom 

G.  L.  Tooker,  M.C. 


N.  L.  Tooker 

T.  L.  Tremblay,  C.M.G.,  D.S.O.,  (F) 

J.  H.  Triniingham 

H.  L.  Trotter,  D.S.O. 

G.  R.  Turner,  M.C.  &  Bar,  D.C.M. 

J.  A.  Tuzo 

A.  G.  Tweedie 

J.  O.  Twinberrow 

H.  W.  Tye,  M.C. 

W.  G.  Tyrrell,  D.S.O. 


W.  P.  Unwin 
H.  R.  Urie,  M.C. 


(F)    Foreign  Orders. 


C.  P.  Van  Norman 

F.  W.  Van  Wart 

G.  E.  Vansittart 
E.  Vinet 

H.  H.  Vroom 

H.  W.  Wagner 
W.  D.  Walcott 
S.  M.  Waldron 
G.  A.  Walkem 
T.  M.  Walker,  O.B.E. 


A.  Wallace 

D.  M.  Wallace 
S.  Walley,  M.C. 
J.  Wallis 

E.  A.  Warner,  M.C. 
R.  Warren,  O.B.E. 
L.  Watson,  (F) 

P.  Watson 

B.  Watson 

D.  Watts 
Weatherbe,  M.C. 
Weatherbe 
Weeks 

F.  Weeks 

R.  Weidman 

E.  Weir 
E.  Welby 
R.  Welch 

G.  Welsford,  M.B.E. 
W.  West 
L.  West 
W.  C.  Wetmore 
A.  White,  D.S.O. 
A.  G.  White,  D.S.O 
L.  Whitside 
Whittaker 
A.  Wickenden 
W.  R.  Wilby.  C.B.E. 


M.C. 


s. 

C. 

Wilcox 

W 

.  P 

.  Wilgar,  D.S.O. 

F. 

A. 

Wilkin,  M.C. 

J. 

B. 

Wilkinson 

J. 

N. 

Williams 

F. 

J. 

Willson 

A. 

L. 

Wilson 

C. 

P. 

Wibon 

J. 

A. 

Wilson 

J. 

C. 

Wilson 

L. 

Z. 

Wilson.  M.C. 

N, 

Wilson 

W 

.J. 

Wilson 

W 

.T 

.  Wilson,  D.S.O., 

A. 

W 

imbles 

H. 

s. 

Windeler,  M.C. 

R. 

H 

.  Winslow 

H 

.  A 

.  Wood,  M.C. 

D. 

H 

.  Woollatt 

A. 

N, 

.  Worthington 

A. 

C. 

Wright 

P. 

A. 

Wright 

J. 

K. 

Wyman 

L. 

W 

.  Wynne-Roberts 

A. 

A. 

Young 

W 

.  Youngman,  M.C. 

R. 

Y 

uill 

M.C. 


Recent  Graduates  in  Engineering 

Congratulations  are  in  order  to  the  following  Juniors 
and  Students  of  The  Institute  who  have  recently  completed 
their  course  at  the  various  universities : — 

McGill  University 

Honours,  Medals  and  Prizes 

Angel,  John  Bartlett,  St.  John's,  Nfld. — B.Eng.,  (Met.);  American 
Society  for  Metals  Prize  for  Metallography  and  Thesis. 

L'Allier,  Lucien,  Montreal,  Que. — B.Eng.,  (EL);  Honours  in  Electrical 
Engineering;  British  Association  Medal;  Montreal  Light,  Heat  and 
Power  Consolidated  First  Prize;  The  Jenkins  Brothers  Limited 
Scholarship. 

McGregor,  Douglas  Robert,  Sherbrooke,  Que.— B.Eng.,  (EL);  Honours 
in  Electrical  Engineering;  Montreal  Light,  Heat  and  Power  Con- 
solidated Second  Prize. 

Paton,  Charles  Peter,  Montreal,  Que. — B.Eng.,  (Mech.);  Honours  in 
Mechanical  Engineering;  The  Engineering  Institute  of  Canada 
Prize  (1934). 

Pope,  Francis  Robert,  Montreal,  Que. — B.Eng.,  (Mech.);  Honours  in 
Mechanical  Engineering;  British  Association  Medal. 

Rose,  Alexander,  Montreal,  Que. — B.Eng.,  (Chem.);  Honours  in 
Chemical  Engineering;  British  Association  Medal. 

Wadge,  Norman  Hilton,  Winnipeg,  Man. — B.Eng.,  (Mi.);  Dr.  James 
Douglas  Fellowship  in  Mining  Engineering. 

Degree  of  Bachelor  of  Engineering 

Beath,  LawTence  Raymond,  B.Eng.,  (Chem.),  Regina,  Sask. 
Blair-McGuffie,  Malcolm  Hugh,  B.Eng.,  (Chem.),  Hayward's  Heath, 

Sussex,  England. 
Brown,  Ernest  Frederick,  B.Eng.,  (Mech.),  Montreal,  Que. 
Burri,  Henry  William,  B.Eng.,  (Mech.),  Montreal,  Que. 
Christie,  Robert  Louis,  B.Eng.,  (Mech.),  Truro,  N.S. 
Cooper,  William  Everett,  B.Eng.,  (EL),  Moose  Jaw,  Sask. 
Dobson,  Richard  Nesbitt,  B.Eng.,  (Mech.),  Montreal,  Que. 
Duncan,  Gaylen  Rupert,  B.Eng.,  (EL),  Fort  William,  Ont. 
Dunlop,  James  Russell,  B.Eng.,  (Mech.),  Ottawa,  Ont. 
Ferguson,  James  Bell,  B.Eng.,  (Mech.),  Pictou,  N.S. 
Gunning,  Merle  Percy,  B.Eng.,  (EL),  St.  Lambert,  Que. 
Houghton,  John  Ruse,  B.Eng.,  (Mech.),  Montreal,  Que. 
Ingham,  Jason  Harold,  B.Eng.,  (Mech.),  Montreal,  Que. 
Jeffrey,  James  Stewart,  B.Eng.,  (Mech.),  Vegreville,  Alta. 
Kazaicoff,  John,  B.Eng.,  (EL),  Kamsack,  Sask. 
Kimpton,  Geoffrey  Holiday,  B.Eng.,  (Chem.),  Si.  Lambert,  Que. 
Leahey,  James  Climacus,  B.Eng.,  (EL),  St.  John's,  Nfld. 
Lockwood,  Clarence  Kingsley,  B.Eng.,  (Met.),  Montreal,  Que. 
MacKay,  Ian  Norton,  B.Eng.,  (Mech.),  Montreal,  Que. 
Morris,  Harold  Kempffer,  B.Eng.,  (Mech.),  Edmonton,  Alta. 
Mussen,  Guy  Aubrey,  B.Eng.,  (EL),  Montreal,  Que. 
Purves,  William  Franklin,  B.Eng.,  (EL),  Saskatoon,  Sask. 
Ransom,  Rosmore  Howard,  B.Eng.,  (CL),  Montreal,  Que. 
Reynolds,  George  Kenly,  B.Eng.,  (Mech.),  Montreal,  Que. 
Ross,  Thomas  Wilson,  B.Eng.,  (Mech.),  Hawkesbury,  Ont. 
Rowell,  Lome  Archibald,  B.Eng.,  (EL),  Wapella,  Sask. 
Schear,  Philip  M.,  B.Eng.,  (Chem.),  Montreal,  Que. 
Schofield,  Robert  John  Graham,  B.Eng.,  (Chem.),  Montreal,  Que. 
Shortall,  John  Desmond,  B.Eng.,  (EL),  Montreal,  Que. 
Smith,  Odric  Henry,  B.Eng.,  (Mech.),  Montreal,  Que. 
Schnyder,  Max,  B.Eng.,  (Mech.),  Montreal,  Que. 
Swift,  John  William,  B.Eng.,  (Mech.),  Montreal,  Que. 
Tatham,  William  Carlyle,  B.Eng.,  (Mech.),  Elora,  Ont. 


Thompson,  Robert,  B.Eng.,  (Met.),  Lachine,  Que. 
Wigdcr,  Edward  Irving,  B.Eng.,  (EL),  Montreal,  Que. 
Winn,  James,  B.Eng.,  (Alech.),  Montreal,  Que. 
Wong,  Henry  Gee,  B.Eng.,  (Ci.),  Montreal,  Que. 
York,  Fred  Gilbert,  B.Eng.,  (E\.),  Ottawa,  Ont. 
Zion,  Alfred  Bernard,  B.Eng.,  (Mech.),  Montreal,  Que. 

Degree  of  Master  of  Engineering 

Clarke,  George  Frederick,  B.Sc,  (McGill  Univ.  '31);  M.Eng.,  (Mech.), 

Ewarton,  Jamaica,  B.W.I. 
Howe,  LawTence  McLean,   B.Sc,   (Univ.  of  Manitoba   '33);   M.Ene 

(EL),  West  Shefford,  Que. 

Degree  of  Bachelor  of  Commerce 

Wisdom,  Charles  Stuart  Cotton,  B.C.,  Shawinigan  Falls,  Que. 

University  of  Toronto 
Degree  of  Bachelor  of  Applied  Science  (with  Honours) 

Bowen,  John  Alfred  Clarke,  B.A.Sc,  (CL),  Long  Branch,  Ont. 

Finlay,  Ruskin  Reid,  B.A.Sc,  (EL),  Tcrcnto,  Ont. 

Hewitt,  Robert,  B.A.Sc,  (Ci.),  Toronto,  Ont. 

Howard,  Albert  Warren,  B.A.Sc,  (EL),  Calgary,  Alta. 

Johnston,  William  David,  B.A.Sc,  (CL),  Toronto,  Ont. 

Miller,  Dudley  Chipman  Raphael,  B.A.Sc,  (Mech.),  Toronto,  Ont 

McMullen,  William  Francis,  B.A.Sc,  (EL),  Toronto,  Ont. 

Degree  of  Bachelor  of  Science 

Hornfelt,  Harvey  Andrew,  B.A.Sc,  (CL),  Toronto,  Ont. 
Robson,  William  John,  B.A.Sc,  (Mech.),  Toronto,  Ont. 
Shanks,  Victor,  B.A.Sc,  (EL),  Toronto,  Ont. 
Smith,  Arthur  James  Edwin,  B.A.Sc,  (Ci.),  Toronto,  Ont. 

Ecole  Polytechnique 
Honours,  Medals  and  Prizes 

Rowan,  John  James,  Ottawa,  Ont. — B.A.Sc,  (Ci.);  Honours  in  Civil 

Engineering. 
Tasse,  Yvon  Roma,  Montreal,  Que. — B.A.Sc,  (CL);  Honours  in  Civil 

Engineering;  Silver  Medal  offered  by  Lieutenant-Governor  of  the 

Province  of  Quebec;  Bronze  Medal  coffered  by  the  Association  des 

Anciens  Eleves  de  I'Ecole  Polytechnique. 

Degree  of  Bachelor  of  Applied  Science 

Gregcire,  Armand  E.,  B.A.Sc,  (CL),  Montreal,  Que. 

University  of  New  Brunswick 
Honours  and  Medals 

Brewer,  Douglas  Jared  Brewer,  Frederictcn,  N.B.^ — B.Sc,  (Ci.);  The 
Ketchum  Silver  Medal  for  the  highest  standing  in  Civil  En- 
gineering. 

Smith,  Wilfrid  Ewart,  Fredericton,  N.B.— B.Sc,  (EL);  City  of  Frederic- 
ton  Gold  Medal  for  the  highest  standing  in  fourth  j'ear  Hydraulics. 

Degree  of  Bachelor  of  Science 

Benson,  Willard  MacLean,  B.Sc,  (CL),  Fredericton,  N.B. 
Bonnell,  Alexander  Robertson,  B.Sc,  (CL),  Fredericton,  N.B. 
Brannen,  Edwin  Ralph,  B.Sc,  (EL),  North  Devon,  N.B. 
Coombes,  David  Eaton,  B.Sc,  (EL),  North  Devon,  N.B. 
Eagles,  Norman  Borden,  B.Sc,  (EL),  Moncton,  N.B. 
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Gibbons,  James  Fenton,  B.Sc,  (EL),  Fredericton,  N.B. 
Huggard,  John  Harold,  B.Sc,  (EL),  Norton,  Kings  Co.,  N.B. 
Lilley,  Ledford  George,  B.Sc,  (EL),  West  Saint  John,  N.B. 
Mackie,  George  Arthur,  B.Sc,  (EL).  Saint  John,  N.B. 
Sansom,  Ralph  Thomas,  B.Sc,  (EL),  Campbellton,  N.B. 
Tweeddale,  Reginald  Estey,  B.Sc,  (EL),  Arthurette,  Victoria,  N.B. 
Webb,  David  Roland,  B.Sc,  (EL),  Saint  John,  N.B. 

University  of  British  Columbia 

Degree  of  Bachelor  of  Applied  Science 

Bell,  Douglas  E.,  B.A.Sc,  (Chem.)  Vancouver,  B.C. 

Davis,  Ralph,  B.A.Sc,  (Ci.),  Etzikom,  Alta. 

Sparks,  Wilbur  Hamilton,  B.A.Sc,  (Ci.),  Vancouver,  B.C. 

Degree  of  Master  of  Applied  Science 

Lind,  Walter  J.,  M.A.Sc,  (Me.),  Sidney,  B.C. 

Queen's  University 

Degree  of  Bachelor  of  Science  (with  honours) 

Darwin,  Bascom  Herman,  B.Sc,  (Ci.),  Vancouver,  B.C. 
Meuser,  Henry  Lloyd,  B.Sc,  (Ci.),  Regina,  Sask. 
Pequegnat,  Jared  Marc,  B.Sc,  (Ci.),  Kitchener,  Ont. 

Degree  of  Bachelor  of  Science 

Aman,  Thomas  F.  S+ewart,  B.Sc,  (EL),  Belleville,  Ont. 
Bellamy,  Keith  Lacy,  B.Sc,  (EL),  Niagara  Falls,  Ont. 
Bonney,  Albert  Jay,  B.Sc,  (Mech.),  Peterborough,  Ont. 
Clarke,  Ross  Eugene,  B.Sc,  (Ci.),  Gananoque,  Ont. 
DeMocko,  Gerald  George,  B.Sc,  (EL),  Fort  William,  Ont. 
Ellsworth,  Arthur  Crayton,  B.Sc,  (EL),  Ridgeway,  Ont. 
Hare,  William  Lester,  B.Sc,  (Mech.),  Ottawa,  Ont. 
Preston,  William  Walford,  B.Sc,  (Ci.),  Hamilton,  Ont. 
Rintoul,  William  Vance,  B.Sc,  (Mech.),  Burk's  Falls,  Ont. 
Soles,  William  England,  B.Sc,  (Mech.),  Rock  Island,  Que. 

University  of  Saskatchewan 

Degree  of  Bachelor  of  Science 

Upton,  Virgil  Stanley,  B.Sc,  (Mech.),  Gregg,  Man. 

University  of  Manitoba 

Degree  of  Bachelor  of  Science 

Davidson,  Arthur  Campbell,  B.Sc,  (Ci.),  Calgary,  Alta. 
Marshall,  Lawrence  James,  B.Sc,  (EL),  Ashern,  Man. 
Pask,  Arthur  Henry,  B.Sc,  (EL),  Zeneta,  Sask. 

University  of  Alberta 

Degree  of  Bachelor  of  Science 

Beach,  John  Edward,  B.Sc,  (EL),  Turner  Valley,  Alta. 
Herbert,  Albert  Cecil,  B.Sc,  (EL),  Wilkie,  Sask. 
Stevens,  Robert  Leonard,  B.Sc,  (EL),  Edmonton,  Alta. 
Weston,  Norman  Owen,  B.Sc,  (EL),  Edmonton,  Alta. 
Woznow,  John,  B.Sc,  (CL),  Medicine  Hat,  Alta. 

Degree  of  Master  of  Science 

Sinclair,  George,  B.Sc,  (Univ.  of  Alberta  '33);  M.Sc,  Edmonton,  Alta. 
Williams,  David  Gabb,  B.Sc,  (Univ.  of  Alberta  '33),  M.Sc,  Edmonton, 
Alta. 
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Some  Problems  of  Transportation 

Frederick  A  Gaby,  D.Sc,  M.E.I.C. 
An  address  delivered  before  the  Canadian  Credit  Institute,  Marcli  13th,  1935. 


(Abridged.) 


Rail  transportation  is  a  vital  necessity  for  the  stability  and  growth 
of  our  social  and  economic  system.  The  very  existence  and  the  economic 
structure  of  the  Dominion  of  Canada  were  based  upon  adequate  rail- 
road conmiunication  between  the  east  and  west.  British  Columbia 
had  written  into  the  terms  of  the  Confederation  compact  a  clause 
binding  Canada  to  "undertake  the  commencement  simultaneously 
within  two  years  from  the  date  of  the  union  (Confederation)  of  the 
construction  of  a  railway  from  the  Pacific  towards  the  Rocky  Moun- 
tains, and  from  such  point  as  may  be  selected  east  of  the  Rocky  Moun- 
tains towards  the  Pacific,  to  connect  the  seaboard  of  British  Columbia 
with  the  railway  system  of  Canada,  and  further  to  secure  completion 
of  such  railway  within  ten  years  from  the  date  of  the  union." 

The  government  attempted  to  carry  out  its  undertaking,  but  by 
the  end  of  ten  years  only  264  miles  had  been  constructed.  The  diffi- 
culties were  tremendous,  and  the  government  was  faced  with  bankruptcy 
if  its  then  programme  was  continued.  The  solution  eventually  obtained 
was  the  contract  with  the  Canadian  Pacific  Railway  in  1881  for  the 
construction  of  the  remaining  trackage  of  2,600  miles  which  was 
ultimately  accomplished  in  1885. 

About  the  year  1900  there  was  no  railway  problem  in  Canada, 
but  shortly  thereafter  duplication  of  services  was  evident  in  the  con- 
struction of  additional  railway  facilities,  financed  largely  upon  govern- 
ment credit. 

In  a  little  more  than  fifteen  years  the  whole  railway  situation 
passed  from  the  position  of  manageable  cost  and  moderate  expansion 
to  one  of  confusion  and  over-extension. 

From  1900  to  1916  the  railway  mileage  in  Canada  had  more  than 
doubled — from  17,500  to  36,000  miles.  The  five  main  railway  systems 
were:  Canadian  Pacific  Railway,  Canadian  Northern  Railway,  Grand 
Trunk  and  Grand  Trunk  Pacific  Railways,  National  Transcontinental 
Railway,  Intercolonial  Railway;  the  latter  two  being  government  rail- 
ways. The  railways  in  Canada  had  a  combined  investment  for  road 
and  equipment  of  about  $2,550,000,000,  of  which  $2,020,000,000  was 
invested  in  all  railways  other  than  the  Canadian  Pacific  Railway. 
They  later  on  became  parts  of  the  Canadian  National  Railway  System. 

The  inability  of  the  railways  now  represented  by  the  Canadian 
National  Railway  group  to  meet  their  financial  obligations  and  the 
demand  for  further  governmental  support,  resulted  in  the  appoint- 
ment of  a  Royal  Commission  in  1916,  whose  reports  recommended  the 
nationalization  of  the  railways  then  in  difficulties.  This  recommenda- 
tion was  effected  in  the  case  of  all  except  the  Grand  Trunk,  and  the 
government  embarked  upon  a  programme  of  nationalization.  Further 
capital  commitments  of  over  $350,000,000  were  undertaken  between 
1915  and  1921  in  the  consolidation,  extension  and  equipment  of  the 
systems  referred  to.  The  Grand  Trunk  Railway  became  a  part  of  the 
government  systems  on  May  21st,  1920.  This  was  followed  in  the  next 
decade  by  an  extraordinary  and  extravagant  programme  of  railway 
building  resulting  in  the  duplication  and  triplication  of  services,  partic- 
ularly between  the  years  1921-1931,  during  which  period  over  $550,000,- 
000  was  spent  in  this  way  (in  the  extension  and  improvement  of 
railway  facilities).  The  railway  situation  reached  a  chaotic  state 
in  1931.  Again  the  increasing  obligations  of  the  government  on 
account  of  the  national  railways  were  causing  much  concern,  and 
during  this  time  a  Senate  Committee  reported  that  the  railway  question 
was  one  of  extreme  urgency. 

Following  the  recommendation  of  a  special  committee  of  the 
House  of  Commons  in  1931  a  Royal  Commission  known  as  the  Duff 
Commission  was  appointed  to  inquire  into  the  whole  question  of 
transportation  in  all  its  forms,  and  after  nine  months  of  inquiry  and 
study,  this  Commission  reached  conclusions  designed  to  secure  co- 
operation of  the  privately  owned  Canadian  Pacific  and  the  National 
Railways,  while  preserving  competition  and  separate  administration  of 
the  two  railway  systems. 

This  was  the  position  of  the  railway  problem  in  1934  and  it  is 
unchanged  to-day.  It  is  one  of  Canada's  major  financial  problems — 
with  42,000  miles  of  railway  supplying  a  population  of  only  250  per 
mile  of  track  and  a  capital  debt  of  the  railways  of  Canada  in  excess 
of  $4,400,000,000  of  which  over  $3,000,000,000  is  attributable  to  the 
Canadian  National  Systems. 

The  following  are  a  few  pertinent  facts  and  figures  which  have  a 
direct  bearing  on  the  problem  under  discussion: — 

The  total  government  and  railway  debt  of  Canada  as  at  March 
31st,  1934,  was  $3,986,000,000. 

The  proportion  of  this  debt  attributable  to  the  Canadian  National 
Railway  was  $2,320,000,000  or  58  per  cent  of  the  total  govern- 
ment and  railway  debt  of  Canada. 

The  deficits  of  the  Canadian  National,  from  1923  to  1933,  in- 
clusive, totalled  $644,000,000,  which  sum  considered  in  terms 
of  taxation,  are  equivalent  to  99  per  cent  of  the  total  receipts 
from  the  income  tax  and  94  per  cent  of  the  total  receipts 
from  the  sales  tax. 

During  the  same  period  the  total  gold  production  of  all  Canada 
amounted  to  $469,000,000  or  less  than  three-quarters  of  the 
Canadian  National  Railway  losses. 


In  1919,  the  Canadian  National  interest  charges  on  funded  debt 
owing  to  the  public  and  the  government,  amounted  to  $38,200,000; 
by  1923  they  had  risen  to  $65,200,000;  in  1933  they  totalled  $92,500,000. 

For  the  year  ending  December  31st,  1933,  the  Canadian  govern- 
ment was  obliged  to  meet  a  railway  deficit  of  approximately  $96,000,000. 
This  amount  was  made  up  as  follows: — 

Net  income  deficit  before  interest $  3,552,286 

Interest  due  public  on  long  term  debt 56,465,427 

Interest  on  Dominion  Government  loans 36,034,141 

$96,051,854 

The  average  Canadian  family  pays  approximately  $46.30  a  year 
in  taxation  to  maintain  the  Canadian  National  Railways. 

Speaking  in  the  House  of  Commons  on  January  28th  of  this  year, 
the  Honourable  Mr.  Manion,  Minister  of  Railways  and  Canals,  made 
a  statement  that  merits  the  attention  of  every  Canadian.  Mr.  Manion 
pointed  out  that  the  government  books  show  that  the  Canadian  National 
Railways  are  indebted  to  the  Government  of  Canada  (apart  from 
guarantees)  to  the  extent  of  $1,490,000,000.  This  includes  capital  in- 
vestment and  accumulated  interest  and  other  charges.  About  one-half 
of  this  amount  went  into  the  building  of  the  Canadian  National  Rail- 
ways as  they  stand  to-day.  The  interest  payable  per  annum  on  the 
portion  of  the  debt  bearing  interest  amounts  to  about  $36,000,000. 

In  addition  to  this  government  debt,  however,  there  is  a  long 
term  debt  owing  to  the  public  amounting  to  $1,255,000,000.  Of  this, 
some  75  to  85  per  cent  are  bonds  owned  in  England,  the  United  States 
and  Canada,  which  are  guaranteed  by  the  Dominion  government. 
These  entail  an  annual  interest  payment  of  $57,000,000.  The  credit 
of  the  country  is  directly  involved  in  maintaining  the  integrity  of  this 
debt  to  the  investing  bondholders. 

To  relieve  this  situation  two  recent  schemes  have  been  suggested 
for  the  administration  of  our  two  great  railway  systems — one  by  Mr. 
E.  W.  Beatty  and  the  other  by  the  Honourable  Mr.  Euler. 

Mr.  Beatty  suggests  unification  and  the  appointment  of  an  admin- 
istrative body  to  operate  the  joint  properties  for  administration  purposes; 
the  administration  to  be  free  from  political  control. 

Mr.  Euler  suggests  that  a  holding  company  be  formed  by  the 
government  and  that  the  corporate  status  of  the  companies  remain 
unchanged,  but  the  merged  railways  would  be  thrown  into  a  single 
system,  the  net  earnings  being  divided  between  the  two  units. 

It  has  been  variously  estimated  that  savings  will  accrue  from  such 
unification  or  amalgamation  of  from  $56,000,000  to  $75,000,000  per 
annum. 

Both  plans  are  estimated  to  assure  a  greater  net  operating  revenue 
to  apply  on  the  obligations  of  the  Canadian  National  and  to  provide 
a  reasonable  return  to  the  owners  of  the  Canadian  Pacific  Railway. 

The  above  is  the  position  in  which  we  find  the  railway  systems 
to-day  in  regard  to  the  enormous  debt  the  government  has  to  carry, 
and  the  provision  for  the  annual  deficit  and  interest  out  of  taxation 
and  otherwise. 

The  Duff  Commission  in  its  report  on  the  transportation  problem 
in  1932  stated  that  unless  some  effective  plan  is  adopted  "to  secure 
the  efficient  and  economical  working  of  both  railway  systems,  and 
thereby  not  only  reduce  the  burden  on  the  Federal  Treasury,  but 
improve  the  financial  position  of  the  privately  owned  railway,  then 
the  only  course  that  would  be  left  would  be  either  to  effect  savings 
in  national  expenditure  in  other  directions  or  to  add  still  further  to 
the  burden  under  which  the  industries  of  the  country  are  suffering 
by  the  imposition  of  yet  further  taxation." 

We  are  now  living  in  a  changed  world.     The  aftermath  of  the 

Great  War  not  only  changed  the  map  of  Europe,  but  the  face  of  the 

whole   industrial,    commercial   and   financial    world.     New   and    very 

.  important  factors  have  entered  the  transportation  field  to-day  and 

there  is  a  major  problem  in  co-ordinating  them. 

In  1909  there  were  registered  in  Canada  4,700  motor  vehicles: 
in  1915,  89,000;  in  1930,  1,235,000. 

The  extent  to  which  the  motor  car  is  competing  with  the  railways 
can  be  appreciated  from  the  large  increase  in  passenger  miles  travelled 
in  private  automobiles,  which  increase  has  been  in  excess  of  500  per 
cent  from  the  year  1925,  exceeding  the  railway  passenger  miles  by 
300  per  cent,  or  at  a  ratio  of  12,000,000,000  annual  passenger  miles 
to  3,000,000,000  on  the  railways,  with  the  buses  operating  a  smaller 
total  of  250,000,000  passenger  miles. 

The  passenger  revenue  of  the  Canadian  railways  has  been  pro- 
gressively decreasing  from  $75,000,000  in  1923  to  $31,000,000  in  1934. 
A  large  part  of  this  loss  is  due  to  the  passenger  auto  and  only  a  compar- 
atively small  amount  to  the  operation  of  buses. 

As  regards  freight  the  motor  truck  is  in  aggressive  competition 
with  the  railway.  There  are  in  Canada  150,000  trucks  of  which  88,000 
are  registered  in  Ontario  and  Quebec. 

A  secondary  land  transport  system  of  highways  has  been  con- 
structed, whose  mileage,  capital  cost  and  potential  capacities  approxi- 
mate or  exceed  that  of  the  railroads.  The  railroad  faces  a  competitor 
which  challenges  its  supremacy  in  the  short-haul  field. 
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In  certain  of  the  provinces,  trucks  are  licensed  under  various 
classes.  Of  the  88,000  trucks  in  Ontario  and  Quebec  about  2,000, 
including  trailers,  are  in  the  business  of  common  carriers.  That  is, 
they  operate  a  general  public  trucking  business  over  defined  routes 
and  usually  between  fixed  termini.  A  second  class  is  that  of  contract 
carriers  having  no  definite  route  or  schedule  but  which  may,  either 
within  certain  limits  or  in  an  unlimited  area,  make  contracts  to  carry 
the  goods  of  a  particular  shipper.  With  the  present  inadequate 
methods  of  enforcement,  it  is  very  difficult,  if  not  impossible,  to  con- 
fine the  truckers  to  the  restrictions  contained  in  their  licenses  and 
to  the  legislation  under  which  they  operate.  Violations  are  the  rule 
rather  than  the  exception. 

The  Duff  Commission  estimated  that  the  revenues  of  the  common 
and  contract  carriers  by  truck  amounted  to  over  $30,000,000  per 
annum,  and  that  of  this  amount  $13,000,000  was  taken  from  the  rail- 
ways. 

The  tariff  structure  of  the  railways  has  permitted  the  truck  to 
compete  within  a  limited  range.  Railway  tariffs  have  beeu  built  upon 
a  social  basis  rather  than  upon  an  economic  one,  rates  being  determined 
upon  a  commercial  value  and  not  upon  the  cost  of  service  based  on 
weight,  bulk  and  distance  travelled.  Thus  the  railways  must,  for  the 
good  of  the  country,  carry  grain,  coal  and  like  commodities  over  long 
distances  in  carload  lots,  at  actually  less  than  average  cost,  and  as  a 
result,  they  must  depend  upon  short  hauls  of  the  more  valuable  com- 
modities to  make  up  this  loss.  The  very  character  of  the  truck  competi- 
tion, which  limits  its  profitable  operation  to  short  hauls  in  small  quan- 
tities, is  enabling  the  trucker  to  carry  a  large  percentage  of  the  L.C.L. 
freight  originally  carried  by  the  railways.  Although  the  L.C.L.  freight 
forms  only  2.5  per  cent  of  the  total  tonnage  carried  by  the  railways, 
yet  it  represents  more  than  10  per  cent  of  their  total  revenues. 

Thus  the  trucks  take  the  cream  of  the  traffic  that  has  been  relied 
upon  by  the  railways  to  compensate  for  the  less-than-cost  handling 
of  certain  commodities  which  must  be  hauled  cheaply  in  order  to 
maintain  our  economic  system  and  our  position  in  the  markets  of  the 
world. 

Motor  traffic  has  been  heavily  subsidized  by  governments  through 
enormous  programmes  of  improved  road  construction.  It  is  variously 
estimated  that  the  highway  system  of  Canada  has  cost  from  $800,000,000 
to  a  billion,  with  annual  expenditures  in  the  past  running  from 
$60,000,000  to  $90,000,000,  against  a  collection  of  revenue  from 
motor  vehicle  operation  of  approximately  $40,000,000.  The  difference 
must  be  charged  to  capital  account,  or  made  up  out  of  the  general 
fand  provided  by  taxation. 

It  is  recognized  that  the  motor  truck  and  bus  have  an  economic 
field  in  the  world  of  transportation,  that  they  are  here  to  stay  and 
cannot  be  taxed  out  of  existence  or  legislated  into  oblivion.  It  is 
their  unregulated  competition  in  fields  that  are  not  economic  that 
causes  the  waste  and  increased  costs  to  industry.  It  cost  trucks  carry- 
ing merchandise  for  over  500  miles  4  to  5  cents  per  ton  mile,  whereas 
the  railways  could  carry  it  for  less  than  one-third  of  this  cost.  In 
order  to  meet  railway  competition,  trucks  very  often  accept  business 
at  less  than  cost,  without  due  knowledge  of  all  the  factors  entering 
into  their  financial  obligations. 

At  present,  due  to  this  unregulated  competition,  national  economy, 
so  essentially  dependent  upon  a  solution  of  the  present  railway  problem, 
is  unhealthy.  The  truckers  themselves  realize  this,  and  it  rests  with 
public  opinion,  exerted  in  the  right  direction,  to  bring  about  a  solution. 

The  time  must  come,  if  prosperity  is  to  be  enjoyed  by  this  country, 
when,  through  the  elimination  of  the  weaker,  road  monopolies  are 
established,  or  some  properly  enforced  regulations  are  set  up  so  as  to 
put  an  end  to  the  present  extravagant  and  wasteful  competition  from 
this  source. 

It  has  been  truly  stated  that  under  present  conditions,  freight, 
which  was  once  hauled  by  the  railways  which  paid  taxes  to  the  govern- 
ment, is  now  shipped  over  highways  which  tax  the  government. 

The  railways  have  to  meet  another  problem  in  the  subsidized 
transportation  provided  by  our  waterways — an  important  competitor 
which  is  not  required  to  pay  tolls  or  other  equivalent  share  of  the 
expense  of  providing,  maintaining  and  operating  the  canals  by  which 
the  great  waterways  from  the  Atlantic  to  the  head  of  Lake  Superior 
are  made  available  for  the  transport  of  merchandise.  To  illustrate 
the  importance  of  competition  from  this  source,  take  the  changed 
conditions  in  transportation  brought  about  by  the  opening  of  the  new 
Welland  canal  in  1930,  which  permitted  the  operation  of  greater 
draught  boats  between  Lake  Erie  and  Ontario.  Although  the  tonnage 
handled  on  the  St.  Lawrence  and  Sault  Ste.  Marie  canals  remained 
about  the  same  over  the  years  1930  to  1934,  the  tonnage  on  the  Welland 
canal  increased  by  over  50  per  cent,  or  from  6,000,000  odd  tons  per 
annum  to  9,000,000  odd  tons  per  annum.  What  was  gained  by  water 
shipping  was  lost  to  the  railways. 

Recently  bills  have  been  submitted  to  the  United  States  Congress 
providing  for  a  closer  co-ordination  of  rail  and  water  traffic,  with  a 
recommendation  for  through  rates  and  charging  of  tolls.  This  matter 
should  receive  the  serious  consideration  of  our  Federal  government  in 
dealing  with  the  co-ordination  of  such  service  with  land  transportation. 

In  air  transportation  we  enter  a  field  of  activity,  the  importance, 
general  magnitude  and  trend  of  which  are  but  little  appreciated  except 
by  those  who  are  actively  engaged  in  this  work. 

Last  year,  the  air  lines  of  the  United  States  operated  approximately 
200,000,000  passenger  miles. 


Including  five  hundred  and  forty-three  pilots,  there  were  over  six 
thousand  persons  upon  the  payrolls  of  the  United  Air  Lines  Company 
of  the  LInited  States.  This  company  last  year  served  three  hundred 
thousand  meals  in  the  air,  requiring  a  staff'  of  one  hundred  and  fifty 
stewardesses.  The  passenger  who  leaves  New  York  for  Los  Angeles, 
San  Francisco  or  Seattle,  is  served  with  four  meals  aloft. 

It  is  interesting  to  observe  that  a  questionnaire  recently  sent  out 
by  the  United  Air  Lines  to  six  hundred  and  thirty  business  firms  mak- 
ing enquiry  respecting  their  use  of  and  attitude  towards  air  travel, 
received  replies  as  follows: — 

To  the  question  "Do  you  travel  by  air  on  business"  53  per  cent 
answered  "yes."  To  the  question  "Do  you  encourage  your  sales  staff 
to  use  air  transportation"  40  per  cent  said  "yes."  This  contrasted 
with  but  21  per  cent  in  1931.  In  reply  to  the  question  "Do  you  intend 
to  make  greater  use  of  air  travel  in  the  future"  50  per  cent  replied 
affirmatively. 

Railroads  are  devoting  increased  attention  to  air  transportation 
not  only  because  of  the  possibility  of  having  to  cope  with  that  form 
of  competition,  but  also  in  order  to  secure  a  better  co-ordination  of 
air  and  rail  services.  In  its  prime  function  of  supplying  nation-wide 
transportation,  the  railroad  companies  may  have  to  reach  out  into 
remote  areas  where  it  would  be  economically  impossible  to  supply 
any  other  form  of  transportation  than  that  by  air.  The  northern 
areas  of  the  Dominion,  coming,  as  they  are,  into  increasing  economic 
importance,  have  already  been  receiving  the  advantages  of  air  travel 
and  transport — a  service  of  great  worth  to  mining  and  other  activities 
in  isolated  territories  where  other  forms  of  transportation  would  be 
financially  impossible. 

A  dispatch  from  Edmonton  in  the  middle  of  January  stated  that 
the  chief  pilot  for  Canadian  Airways,  Limited,  had  just  completed  a 
noteworthy  winter  flight  with  furs  and  mail  from  Aklavik  to  Mac- 
Murray,  a  distance  of  1,462  miles,  which  he  accomplished  in  two  and 
a  half  days.  The  flight  was  the  more  remarkable  because  at  this  season 
of  the  year,  with  only  four  hours  of  arctic  twilight,  the  pilot,  Mr. 
Walter  Gilbert,  made  the  jump  from  Aklavik  to  Fort  Norman,  730 
miles,  in  less  than  four  hours. 

Northern  Canada  is  recognized  as  lying  along  the  logical  airway 
from  Europe  to  the  Far  East.  The  hope  has  been  expressed  that 
Canada  will  not  rest  content  with  simply  providing  airports,  but  that 
she  may  reach  out  to  establish  regular  aeroplane  routes  supplied  with 
Canadian  planes  and  manned  with  Canadian  pUots. 

It  is  claimed  in  a  recent  survey  of  air  transportation  made  by 
United  Air  Lines  that  travellers  by  air  in  the  United  States  pay  an 
average  of  23^  cents  less  per  mile,  and  at  the  same  time  travel  from 
40  to  50  miles  an  hour  faster  than  is  the  case  in  other  countries.  The 
average  fare  in  the  United  States  is  said  to  be  6  cents  per  mUe  as 
contrasted  with  814  cents  per  mile  in  Europe,  and  with  what  is  frequently 
a  10-cent  per  mile  rate  in  other  territories. 

The  year  1933  is  the  last  one  for  which  complete  Canadian  govern- 
ment aviation  statistics  are  available,  but  a  few  1934  figures  have  been 
issued.  A  nvunber  of  the  classification  headings,  such  as  aircraft  miles, 
flights,  hours  and  passengers,  show  a  decline  from  1931,  although 
Canadian  Airways'  1934  operations  show  a  marked  recovery  from  the 
1933  low.  On  the  other  hand,  freight  and  express  and  mail  carried 
show  substantial  increases;  thus  the  freight  and  express  carried  in 
1931  was  2,372,000  pounds;  in  1933  it  was  4,206,000  and  in  1934 
approximately  13,500,000  pounds.  Truly  a  remarkable  showing.  In 
1931  the  mail  carried  was  470,000  pounds;  in  1933,  539,000  pounds; 
and  in  1934,  626,000  pounds.  At  the  end  of  1933  there  were  in  Canada 
405  private  air  pilots,  474  commercial  air  pilots,  and  403  air  engineers, 
and  49  private  aircraft  and  296  commercial  aircraft.  Several  new  air 
transportation  companies  have  begun  operations  in  the  northern  min- 
ing districts  and  are  showing  quite  remarkable  results. 

At  the  present  time  practically  all  large  transportation  concerns 
are  devoting  attention  to  the  study  of  such  pertinent  factors  as  exert 
individual  and  collective  effects  upon  the  problems  of  transportation 
in  order  that  a  definite  and  clear  course  may  be  selected  for  the  pro- 
gressive administration  of  railroad  and  other  transportation  faciUties. 

Such  a  course  is  the  more  essential  at  this  time  because  practically 
every  raUroad  has  been  working  along  the  lines  of  strictest  economy 
and  avoiding,  so  far  as  possible,  large  capital  expenditures.  These 
special  economies  have  been  exercised  in  order  to  keep  existing  equip- 
ment in  the  best  possible  repair.  The  time,  however,  is  approaching 
when  new  equipment  must  be  obtained,  and  in  this  connection  real 
wisdom  is  required.  New  ideas  will  have  to  be  most  carefully  scrutinized 
and  evaluated.  There  is  not  capital  available  for  non-productive  equip- 
ment. 

It  is  well  recognized  that  all  forms  of  transportation  are  essential 
and  have  their  economic  place  in  the  transportation  world,  but  they 
do  not  always  remain  in  their  proper  place.  They  extend  into  the 
legitimate  field  of  the  railways.  It  is  the  unregulated,  indiscriminate 
competition  of  trucks  and  other  forms  of  transportation  that  is  in- 
creasing the  cost  of  transportation  to  industry  and  the  people.  You 
cannot  have  duplication  and  multiplication  of  services  in  the  same 
field  and  expect  to  have  economy.  The  loss  due  to  unwise  operation 
ends  in  bankruptcy,  and  such  financial  loss  has  to  be  borne  by  some 
industry  or  individual. 

In  the  last  twenty  years  one  of  the  most  important  items  of  cost 
in  transportation  has  been  obsolescence,  due  to  the  rapid  advance  of 
the  art,  and  this  applies  especially  to  the  motor  vehicle  and  the  aero- 
plane. 
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In  the  United  States  legislation  has  been  recently  submitted 
providing  for  transport  regulation  by  governmental  authority  to  be 
applied  to  co-ordinate  agencies  of  transportation. 

Three  principal  developments  in  the  field  of  railway  passenger 
service  have  already  had  a  stimulating  influence  on  traHic,  namely, 
streamlined  trains,  air-conditioning  and  increased  speed.  By  the  end 
of  1935  it  is  expected  that  six  thousand  passenger  cars  will  be  air- 
conditioned. 

Many  records  of  increased  speed  in  passenger  and  freight  services 
have  been  set  up  in  the  past  year. 

The  year  1934  definitely  put  certain  railways  in  the  United  States 
in  the  truck  business,  and  pick-up  and  delivery  service  is  now  an 
integral  part  of  the  railway  operations.  Fast  merchandise  train 
service,  with  overnight  delivery,  is  now  provided  to  all  points  up  to 
300  miles,  involving  better  and  more  closely  supervised  service. 

The  history  of  transportation  reveals  the  fact  that  when  Canadians 
launched  upon  the  construction  of  a  second  and  then  a  third  trans- 
continental railway  system,  with  all  that  was  involved  in  competition 
and  in  losses  incident  to  wasteful  duplication,  the  three  transcontinental 
railways  were  headed  for  economic  distress.  The  railways  fully 
recognize  the  right  of  legitimate  competition.  Where  it  is  conducted 
on  a  reasonable  and  fair  basis,  the  railways,  no  doubt,  will  continue 
in  the  future,  as  they  have  done  in  the  past,  to  meet  such  competition 
so  far  as  it  is  economically  possible.  They  have  no  inclination  to 
proceed  unjustly  upon  any  coercive  or  destructive  lines.  They  look 
rather  to  attainment  by  means  of  intelligent  co-operation  and  just 
regulation. 

Electrical  Developments  in  Russia 

Some  further  information  on  the  ways  in  which  electricity  supply 
is  being  developed  in  Russia  under  the  Second  Five- Year  I  Ian  is  given 
in  recent  issues  of  "Elektrichestvo."  Broadly  speaking,  the  object  is  to 
increase  the  annual  output  from  the  13,400,000,000  kw.h.  of  the  last 
year  of  the  First  Five- Year  Plan  to  38,000,000,000  kw.h.,  and  to  produce 
24,500,000,000  kw.h.  of  this  total  in  "regional"  as  compared  with  "in- 
dustrial" stations.  If  this  is  achieved,  it  is  estimated  that  Russia  will 
take  the  first  place  in  electrical  output  among  European  countries  by 
1937,  and  will  only  be  outdistanced  in  the  world  by  the  United  States. 

This  development  will  be  based  on  the  use  both  of  local  fuel 
supplies  and  of  water  power.  The  Stalinogorsk  and  other  stations  in 
the  Moscow  district  will  be  operated  on  brown  coal,  and  their  annual 
consumption  is  expected  to  rise  to  2,472,000  tons,  as  compared  with 
597,000  tons  in  1933.  Coal  from  the  Ural  will  be  burnt  to  the  extent 
of  1,728,000  tons  at  Perm  and  Chiliabinsk,  while  the  station  at  Cheren- 
chevsky  is  being  designed  to  use  East  Siberian  coal.  It  is  also  proposed 
to  use  oil-shale  from  the  Kashira  field  for  the  first  time  in  the  extended 
Samara  station  and  at  Saratov,  while  the  employment  of  Gdovsk  shale 
in  the  Leningrad  district  is  being  considered.  A  deciding  factor  in  this 
connection  may  be  the  utilization  of  the  ash,  which  is  produced  in 
large  quantities,  for  industrial  purposes.  A  large  number  of  stations 
are  also  being  built  to  utilize  peat,  including  those  at  Gorkovsky,  with 
an  output  of  201,000,000  kw.h.,  and  at  Shatura,  with  an  output  of 
180,000,000  kw.h. 

As  regards  water  power,  twenty-five  stations  with  an  aggregate 
capacity  of  2,000,000  kw.  are  being  built.  These  include  one  at  Gizel- 
don  in  the  Caucasus,  with  a  capacity  of  22,000  kw.  and  an  operating 
head  of  312  m.,  and  one  at  Nijnisvirsk,  with  a  capacity  of  96,000  kw. 
and  an  operating  head  of  19.5  m.  The  former  is  equipped  with  Pelton, 
and  the  latter  with  Kaplan,  turbines.  A  large  station  will  be  that  at 
Verchnisvirsk,  on  the  river  Svir,  with  a  capacity  of  144,000  kw.  This 
will  be  used  to  supply  the  Leningrad  district.  Plans  are  also  being 
prepared  for  the  construction  of  a  station  on  the  river  Cherchik,  in 
Central  Asia,  which  will  have  a  capacity  of  170,000  kw.  and  will  be 
used  to  supply  the  works  of  a  chemical  combine.  Another  station  of 
some  interest  is  that  at  the  outlet  of  Lake  Sevan  in  Armenia,  which 
is  at  2,000  m.  above  sea  level.  The  most  important  hydro-electric 
schemes  are,  however,  those  on  the  river  Volga,  where  stations  are  to 
be  constructed  at  Yaroslav  (100,000  kw.),  and  at  Balachna  (200,000 
kw.),  and  on  the  river  Kahma,  where  a  station  with  a  capacity  of 
360,000  kw.  is  to  be  built  at  Perm.  These  and  other  stations  form 
part  of  the  plan  for  improving  the  navigation  of  the  Volga,  Svir,  Dnieper 
and  other  rivers,  and  for  developing  the  irrigation  facilities.  It  is 
estimated  that  the  annual  output  from  hydro-electric  stations  will 
eventually  reach  4,800,000,000  kw.h.,  the  equivalent  of  3,000,000  tons 
of  fuel. — Engineering. 

CORRESPONDENCE 

To  The  Editor  of  the  "Journal," 
Engineering  Institute  of  Can  aba, 
2050  Mansfield  Street, 
Montreal,  Que. 

Dear  Sir: — 

Now  that  the  period  has  expired  during  which  essays  on  the  "Con- 
solidation" problem  may  be  submitted  for  the  Past-Presidents'  Prize,  I 
would  like  to  present  to  the  membership,  through  the  medium  of  The 
Journal,  a  memorandum  on  this  question  which  I  have  prepared  after 
much  thought  and  much  consultation  with  members  throughout  the 
country.  This  memorandum  is  also  being  presented  in  a  spirit  of 
co-operation  to  the  Committee  on  Consolidation  for  their  study  but  is 


being  sent  to  The  Journal  in  order  that  it  may  reach  the  whole  member- 
ship and  prove  to  them  that  alternative  schemes  to  that  broadcast  by 
Mr.  G.  M.  Pitts  are  not  only  possible  but  have  been  present  in  the 
minds  of  members  in  various  parts  of  the  country  and  are  actually 
expressing  themselves  in  simultaneous  and  unconnected  movements  in 
the  different  provinces.  While  I  can  connect  no  names  other  than  my 
own  with  the  following  remarks,  they  do  certainly  ari.se  out  of  numerous 
discussions  with  individuals  of  all  shades  of  opinion  in  as  many  of  the 
Branches  as  it  has  been  my  privilege  to  visit. 
Yours  very  truly, 

(Signed)     P.  L.  Phatley,  m.e.i.c. 

Memorandum 

Any  serious  effort  to  solve  the  problem  presented  by  the  existing 
duplication  of  engineering  organizations  in  Canada  must  be  based  upon 
the  recognition  of  certain  fundamental  facts  which  may  perhaps  be 
expressed  for  present  purposes  as  follows:— 

1.  It  must  be  recognized  that  only  to  a  very  hmited  extent  is 
engineering  a  profession  in  the  proper  sense  of  that  word,  and  that 
comparisons  with  the  other  vocations  where  the  degree  of  profes- 
sionalization  is  very  different,  are  at  least  misleading  and  are  potentially 
dangerous.  Admittedly  the  meaning  of  "profession"  may  be  revised 
or  redrafted  or  stretched  to  various  degrees,  depending  on  the  object 
in  view,  but  basically,  everybody  knows  that  the  essence  of  the  idea  is 
the  personal  contact  between  the  "professor"  and  his  client,  whether  he 
be  lawyer,  doctor  or  dancing-master.  A  considerable  percentage, 
probably  a  large  majority  and  possibly  an  increasing  majority  of 
engineers,  particularly  in  the  cities,  are  and  will  remain  employees  of 
corporations  and  industrial  firms.  These  represent  what  might  be 
termed  the  capitalistic  edge  of  the  wide  field  of  engineering.  On  the 
other  hand,  in  the  provinces  as  distinct  from  the  cities,  an  increasing 
percentage,  under  the  socialistic  tendencies  of  the  times,  are  becoming 
employees  of  the  state.  To  the  former  the  provincial  organizations 
have  no  appeal  whatsoever  and  the  licensing  idea  is  totally  inapplicable. 
By  the  latter  the  provincial  organizations  are  regarded,  whether  con- 
sciously or  not,  as  a  type  of  trade  union  in  no  sense  valuable  to  the  public 
and  only  useful  to  the  engineer  as  they  limit  the  number  of  entrants  or 
applicants  for  employment. 

2.  It  must  be  recognized  that  at  least  two  very  different  and  dis- 
tinct motives  operate  toward  the  formation  and  continuance  of  engi- 
neering societies,  namely: — (a)  service  to  and  among  engineers  them- 
selves— and  (6)  service  to,  and  responsibility  toward  the  public  or 
private  client.  Item  (o)  postulates  an  organization  of  engineers  which 
is  mutually  educative,  which  by  means  of  meetings,  papers,  lectures 
and  other  forms  of  collaborative  effort  can  increase  the  circulation  of 
technical  information,  make  available  to  the  many  the  experience  of  the 
few  and  so  raise  the  general  standard  of  knowledge  and  ability.  Item 
(h)  postulates  a  system  of  protecting  the  public  from  incompetent  or 
inexperienced  individuals  seeking  their  confidence  upon  false  or  insuf- 
ficient claims  to  qualification :  a  system  whereby  the  public  are  assured, 
as  far  as  is  humanly  possible,  that  the  engineer  with  whom  they  are 
dealing  and  upon  whose  advice  or  ability  they  are  relying,  is  qualified  by 
training  and  experience  to  assume  responsibility  for  engineering  works 
which  involve  public  safety  or  which  minister  to  public  needs. 

3.  It  must  be  recognized  that  while  item  (a)  above  may  well  be  a 
national  affair  calling  for  a  Dominion-wide  organization,  item  (6)  is  by 
force  of  circumstance  provincial  in  its  strictly  legal  aspects.  There  is 
every  advantage  in  making  (a)  national  and  no  advantage  in  over- 
emphasizing by  undue  or  deliberate  differentiation  the  necessity  of  a 
legal  provincialism  in  (6). 

4.  It  must  be  recognized  as  desirable  that  the  element  of  com- 
pulsion be  as  far  as  practicable  removed.  Engineers  must  be  attracted, 
not  compelled,  to  join  the  National  Institute  and  only  a  certain  few 
whose  responsibility  to  the  public  may  be  regarded  as  demanding  it 
should  be  compelled  to  apply  for  a  license  to  practise  and  show  qualifica- 
tions therefor. 

Before  dealing  specificaOy  with  the  existing  state  of  affairs  and  the 
possibility  of  its  transformation,  there  will  be  first  presented  in  a  general 
way  the  organization  which  from  a  practical  viewpoint  seems  nearest  to 
the  achievable  ideal.  By  practical  viewpoint  is  meant  that  viewpoint 
which  recognizes  instead  of  disregards  the  four  statements  above 
written.  The  organization  herein  set  forth  involves  the  minimum  of 
disturbance  within  the  existing  societies,  the  least  seeking  for  new 
powers,  the  removal  of  the  undesirable  feature  of  'compulsion'  indis- 
criminately applied,  the  opportunity  for  a  definite  raising  of  the  standard 
and  status  of  the  licensed  engineer,  a  policy  of  encouragement  for 
younger  engineers  to  fit  themselves  for  advancement,  and  most  im- 
portant perhaps,  the  elimination  of  the  double  set  of  fees. 

For  the  national  organization,  concerned  with  the  dissemination 
of  knowledge,  the  welfare  of  the  engineer  technically,  socially  and  to 
some  extent  financially,  and  with  the  wider  contacts  between  engineering 
and  public  policies,  the  present  E.I.C.  seems  logically  to  be  the  best 
fitted  medium,  subject  probably  to  some  interior  development  in  the 
way  of  decentralization.  This  body  would  endeavour  to  enrol  within 
its  membership  all  persons  employed  or  employing  themselves  in  tech- 
nical engineering  work  insofar  as  all  such  could  either  help,  or  be  helped 
by,  others  of  similar  or  related  interests  within  the  broad  field  of  en- 
gineering. The  general  requirements  for  admission  to  the  various 
grades  of  membership  or  associateship  would  be  set  up  by  the  members 
themselves  acting  through  their  elected  national  council,  leaving  some 
leeway  possibly  for  interpretation  by  the  provincial  divisions  of  the 
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National  Institute  who  would  be  the  active  operating  units  and  who 
would  thus  control  admissions  and  elections.  Each  provincial  division 
under  its  vice-president  and  its  provincial  council  would  include  a 
licensing  committee,  either  appointed  or  elected  as  may  be  arranged 
and  which  would  administer  the  local  act,  serving  exactly  as  the 
council  of  the  present  Provincial  Association  or  Corporation.  This 
Licensing  Committee  would  deal,  not  only  with  members  of  the  National 
Institute,  but  with  all  other  engineers  who  by  law  or  by  choice  came 
under  its  jurisdiction  in  respect  to  licensing,  just  as  the  existing  pro- 
vincial councils  do.  Under  this  Provincial  Licensing  Committee  would 
come,  as  part  of  the  duty  of  administering  the  act,  the  matter  of  issuing 
licences  to  engineers  wishing  to  practise  in  direct  contact  with  the  public, 
i.e.  consulting  engineers  in  private  practice,  chief  engineers  of  corpora- 
tions selling  materials,  machines,  facilities  or  services  to  the  public, 
chief  engineers  of  public  service  bodies,  commissions,  or  boards,  and 
heads  of  departments  doing  engineering  work  for  municipal,  provincial 
and  federal  governments  (as  far  as  the  law  permits).  Such  engineers 
and  only  such  should  be  required,  in  consideration  of  their  direct  respon- 
sibility to  the  public  to  be  licensed  by  law  and  such  licences  should  be  a 
real  assurance  that  the  possessor  is  trained  and  qualified  by  experience 
to  practise  in  some  definite  field  or  fields  of  the  profession.  The  qual- 
ifications should  definitely  include  corporate  membership  in  the  national 
institute,  or  at  least  an  acceptance  from  that  institute  that  the  engineer 
in  question  is  fully  qualified  therefor,  or  in  the  case  of  a  foreigner, 
seeking  a  temporary  licence,  equal  standing  in  his  own  national  body. 
The  holding  of  this  provincial  licence  by  an  engineer  in  such  practice 
or  positions  as  those  just  outlined  would  be  the  only  compulsory  feature 
in  the  whole  organization. 

Other  fully  qualified  engineers  wishing  to  do  so  would  be  allowed  to 
register  with  the  Provincial  Licensing  Committee,  which  procedure 
would  save  both  time  and  trouble  to  themselves  in  the  event  of  their 
being  promoted  or  moved  to  a  position  requiring  a  licensed  incumbent, 
or  setting  up  in  private  practice. 

Similarly,  young  graduate  engineers  wishing  to  do  so,  would  be 
allowed  to  register  with  the  Provincial  Licensing  Committee  as  having 
qualified  in  part,  and  having  commenced  to  acquire  experience.  Such 
graduates,  having  ambitions  toward  private  practice  or  advancement 
to  positions  requiring  licensed  engineers,  would  thus  also  save  them- 
selves time  and  trouble  later  on. 

Both  Registered  Engineers  and  Graduate  Engineers  would  be 
voluntary  listees  with  the  Committee  and  would  only  be  charged 
nominal  rates,  and  would  enjoy  a  certain  status  possibly  useful  in 
applying  for  employment.  When  in  the  course  of  events  either  a 
registered  engineer  or  a  graduate  engineer  applied  for  a  licence  in  some 
special  field,  such  licence  would  be  issued  as  a  matter  of  course  to  the 
former  and  after  investigation  to  the  latter,  when  they  would  become 
liable  for  the  extra  fee  as  a  Licensed  Engineer.  The  graduate  engineer 
might  reasonably  be  required  to  become  a  corporate  member  of  the 
national  body,  if  not  already  one  before  being  eligible  for  a  licence,  but 
certainly  should  be  required  to  show  that  he  was  so  qualified,  as  none 
but  corporate  members  and  those  able  to  qualify  for  corporate  member- 
ship should  be  licensed. 

There  would  thus  appear  under  the  Provincial  Licensing  Commit- 
tee lists  of  Licensed  Engineers,  Registered  Engineers,  and  Graduate 
Engineers.  It  is  not  intended  that  these  titles  should  be  used  as  letters 
after  the  names  of  individuals,  although  they  should  appear  on  letter- 
heads and  possibly  on  plans,  and  the  lists  should  at  all  times  be  accessible 
to  the  public.  As  to  fees,  the  Licensed  Engineer  would,  naturally,  have 
to  pay  annually  in  addition  to  his  regular  Institute  fees  an  amount  set 
by  the  Provincial  Division,  but  preferably  uniform  all  over  the  country, 
and  not  likely  in  excess  of  ten  dollars.  The  merely  registered  engineer 
and  the  graduate  engineer  could  only  be  charged  nominal  additional 
sums  as  the  service  is  only  slight  and  the  advantage  more  a  matter  of 
personal  opinion.  Possibly  two  dollars  would  be  reasonable.  Fees 
would  be  paid  to  the  Provincial  Division  of  the  National  Institute,  the 


part  belonging  to  the  Licensing  operation  being  retained  by  the  Pro- 
vincial Division  together  with  a  certain  proportion  of  the  Institute 
membership  fees,  and  a  pre-determined  portion  being  remitted  to 
National  Headquarters.  Fees  from  licensed  engineers  who  are  not  cor- 
porate members  of  the  National  Institute  should  be  substantially 
higher  than  the  additional  amount  charged  to  members,  but  should  not 
be  more  than  the  total  fees  payable  by  corporate  members,  and  no  part 
of  this  fee  should  find  its  way  to  the  National  Institute  headquarters. 

As  to  the  accomplishment  of  this  new  consolidation  and  the  tran- 
sition from  the  existing  conditions,  and  the  transformation  of  the 
existing  Societies,  the  principal  requirement  is  the  "will."  If  the  "will" 
be  reasonably  unanimous  and  be  founded  on  sound  conceptions  of  the 
purpose  and  basis  of  consolidation,  then  the"  way"  will  become  relatively 
easy.  There  may  undoubtedly  be  certain  difficulties  in  some  quarters. 
There  may  be  entailed  in  some  provinces  a  certain  surrendering  or 
realignment  of  present  powers  possessed,  or  apparently  possessed,  by  the 
existing  Provincial  Corporations.  For  instance,  those  Corporations 
which  hold  that  no  one  can  be  an  engineer  apart  from  the  possession  of  a 
provincial  licence  will,  of  necessity,  surrender  this  extreme  and  logically 
untenable  position  in  favour  of  the  logical  attitude  that  a  certain  well 
defined  group  of  engineers  should  definitely  qualify  for  and  receive 
licences  as  a  protection  to  the  public.  Furthermore,  the  idea  must  be 
definitely  discouraged  that  any  association  of  engineers  whatsoever  may 
be  used  as  a  means  of  increasing  financial  remuneration  at  the  public 
expense,  on  a  power  basis  rather  than  a  merit  basis.  It  is  also  possible 
that  the  question  of  mining  engineers  will  become  serious  in  some 
provinces,  but  the  provisions  above  outlined  do  not  necessarily  demand 
that  all  licensed  engineers  belong  to  the  National  Institute,  and  it 
would  be  quite  practicable  to  permit  mining  engineers  to  substitute  the 
C.I.M.M.  for  the  National  E.I.C. 

Many  details,  naturally,  are  not  referred  to  in  this  brief  presenta- 
tion, and  some  important  matters  still  remain  to  be  worked  out,  but  the 
machinery  exists  for  setting  up  the  Provincial  Divisions  of  the  E.I.C. 
Some  development  of  the  E.I.C.  in  the  direction  of  decentralization  and 
provincial  autonomy  has  already  been  acknowledged  as  overdue  by 
most  of  the  committees  and  thoughtful  students  of  the  Institute's 
future;  in  some  provinces  the  councils  of  the  Provincial  Associations  are 
at  present  almost  identical  with  the  elected  officials  of  the  E.I.C.  from 
the  province,  and  furthermore  a  spontaneous  movement  is  noticed 
toward  identity  of  personnel  as  between  the  Association  Council  and  the 
representative  committee  of  the  Institute  in  that  province.  Arrange- 
ments could  readily  be  made  for  non-interruption  of  existing  activities, 
non-interference  with  existing  lists  of  licensees,  retention  of  provincial 
balances  in  the  hands  of  Licensing  Committees  acting  as  successors  to 
the  present  Association  councils.  It  is  quite  possible  that  alterations  to 
some  of  the  existing  acts  would  ultimately  be  required,  but  with  the 
co-operation  of  the  present  associations  there  would  not  seem  to  be  any 
overwhelming  reason  why  the  scheme  of  consolidation  could  not  be 
implemented  provisionally  and  the  alteration  in  the  acts  delayed  until 
two  or  three  years  of  experience  had  been  obtained.  In  any  case,  the 
difficulties  of  transition  are  bound  to  be  much  less  than  in  some  of  the 
schemes  which  have  been  presented  for  consideration.  The  fact  that 
so  much  of  the  idea  of  compulsion  would  be  removed  and  that  one  fee 
only  would  be  exacted  from  any  engineer,  would  assist  greatly  among  the 
great  body  of  engineers  in  making  it  not  only  possible  but  easy  to  over- 
come the  seeming  difficulties,  the  existence  of  which  is  bound  to  be 
referred  to  by  those  not  initially  favourable  to  this  present  proposal. 

The  proposal,  as  here  outlined,  has  in  addition  to  these  two  ad- 
vantages the  further  value  that  the  Institute  as  a  national  body  can 
retain  its  primary  function,  which  is  the  dissemination  and  interchange 
of  technical  knowledge,  and  keep  open  its  doors  to  all  those  worthy 
contributors  to  the  progress  of  engineering  who  may  never  reach  the 
professional  status,  and  yet  provide  fully  for  all  reasonable  demands 
regarding  licensing,  but  definitely  on  the  basis  of  protection  to  the  public. 

P.  L.  P. 
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BRANCH  NEWS 

Border  Cities  Branch 

C.  F.  Davison,  A.M.E.I.C.,  Secretary-Treasurer. 
F.  J.  Ryder,  S.E.I.C,  Branch  News  Editor. 

New  Ford  Foundry 

On  Friday  evening,  March  29th,  1935,  members  of  this  Brancli 
were  guests  of  the  Ford  Motor  Company  of  Canada.  Dinner  was 
served  to  about  eighty  persons,  including  newspapermen  and  members 
of  Ford's  staff. 

H.  J.  Coulter,  a.m.e.i.c,  chairman  of  the  Branch,  extended  his 
thanks  to  the  Ford  Motor  Company  for  its  kind  invitation. 

Mr.  Wallace  Campbell,  president  of  the  Ford  Motor  Company 
of  Canada,  spoke  a  few  words  welcoming  the  engineers  and  com- 
mented on  the  benefits  to  the  automobile  industry  derived  from  this 
profession. 

Mr.  Coulter  introduced  Mr.  J.  S.  Beaumont,  chief  chemist  for 
Ford  Motor,  who  presented  a  short  paper  on  the  "New  Ford  Foundry." 

This  foundry  is  designed  for  the  casting  of  Ford  crank  shafts. 
The  metal  making  up  the  charge  is  all  very  carefully  weighed  and 
dumped  into  the  electric  arc  furnace,  where  it  is  kept  at  a  temperature 
of  3,000  degrees  F.  for  eighty-two  minutes.  The  entire  furnace  which 
is  built  on  a  cradle  is  then  tipped  and  the  molten  metal  is  run  off  into 
ladles  and  then  into  specially  prepared  moulds.  Each  mould  is  made 
up  of  sixteen  separate  moulds,  which  when  locked  together  will  form 
four  complete  crankshafts.  In  the  making  of  these  moulds  the  variance 
permitted  is  thirty  thousandths  or  approximately  2/1000  per  unit 
mould. 

This  new  crank  shaft  of  cast  alloy  steel  is  better  than  the  old 
type,  because  like  cast  iron  it  absorbs  some  of  the  vibration.  It  will 
withstand  a  twisting  strain  of  88,000  pounds  which  is  ten  times  that 
actually  used.  In  a  test  run  to  destruction  with  the  centre  bearing 
1/32  inch  out  of  line,  the  new  cast  shaft  ran  seventy  hours  as  against 
forty-five  hours  for  the  forged  one.  There  are  fewer  machining  opera- 
tions on  the  new  shaft  as  only  nine  pounds  of  metal  has  to  be  removed 
as  against  twenty-four  pounds  on  the  forging. 

Mr.  Beaumont  explained  that  this  theory  for  the  better  qualities 
in  the  new  cast  crank  had  to  deal  with  the  "fluidity"  of  the  crystal 
about  which  very  little  is  understood  at  the  present  time. 

The  group  then  adjourned  to  the  foundry  where  they  had  the 
opportunity  of  seeing  the  metal  poured  from  the  furnace  and  the 
detail  connected  with  the  making  of  the  cores. 

Lakehead  Branch 

Geo.  P.  Brophy,  A.M.E.I.C,  Secretary-Treasurer. 

The  Lakehead  Branch  of  The  Institute  expressed  its  appreciation 
of  one  of  its  oldest  members  and  the  high  esteem  in  which  he  is  held 
as  a  citizen  and  a  member  of  the  engineering  profession  when  it  tendered 
a  complimentary  dinner  to  its  chairman,  J.  Antonisen,  m.e.i.c,  on 
Friday,  April  12th  last. 


J.  Antonisen,  M.E.I.C. 

The  dinner  was  given  in  the  Garrison  Officers'  Mess  at  Port  Arthur 
through  the  courtesy  of  the  Commanding  Officer  and  Officers  of  the 
Lake  Superior  Regiment,  and  our  forty  members  and  Branch  guests 
enjoyed  an  excellent  dinner  in  surroundings  which  combined  to  make 
the  occasion  one  which  peculiarly  suited  the  purpose  of  honouring  the 
guest  of  the  evening.  Altogether  it  was  an  enjoyable  event  and  one 
which  marked  a  spontaneous  tribute  to  the  engineering  services  ren- 
dered by  Mr.  Antonisen  for  many  years  as  city  engineer  of  Port  Arthur, 


a  service  which  was  terminated  at  a  loss  to  the  city  on  March  1st,  1935. 

Representatives  of  the  Law  Society,  the  Dental  and  Medical 
Associations,  the  Surveyors,  Public  I'tilities,  Power  and  Paper  Interests, 
Railways  and  the  Architects  were  among  the  guests  of  the  Branch 
and  all  of  these,  in  addition  to  engineering  members,  united  in  paying 
their  respects  to  the  man,  the  citizen  and  the  engineer,  and  in  wishing 
him  continued  success  in  his  next  field  of  endeavour. 

P.  E.  Doncaster,  m.e.i.c,  as  vice-chairman  of  the  Brancli,  presided, 
and  outlined  the  broad  academic  and  engineering  foundation  on  which 
Mr.  Antonisen's  piofessional  career  was  based.  lh\  expressed  the 
sentiments  of  all  present  in  the  statement  that  Canada  would  always 
welcome  engineers  from  Norway  or  any  other  land  who  brought  with 
them  the  high  cultural  and  ethical  standards  which  the  guest  of  the 
evening  combined  with  a  sound  engineering  training  and  practice. 

Mr.  Antonisen  replied  to  the  many  complimentary  references  to 
him  in  his  own  inimitable  way  and  manner  and,  if  po.ssible,  heightened 
the  feeling  of  loss  which  the  community  and  the  engineering  circle 
of  the  Lakehead  Branch  has  sustained  in  the  breaking  of  a  long  and 
happy  association. 

The  annual  meeting  and  election  of  Branch  officers  is  scheduled 
for  June  4th,  1935,  at  Fort  William,  and  there  is  much  promising 
timber  in  the  younger  members  of  the  Branch  from  which  to  choose 
a  strong  executive. 

Hamilton  Branch 

A.  Love,  M.E.I.C,  Secretary-Treasurer. 

A.  B.  Dove,  Jr. E. I.e.,  Branch  News  Editor. 

Bulk  Handling 

The  Hamilton  Branch  of  The  Institute  held  their  regular  meeting 
at  McMaster  University  on  May  14th,  1935,  to  hear  Mr.  J.  Farley, 
of  the  Link  Belt  Company,  discuss  the  important  subject  of  "Bulk 
Handling." 

Mr.  Farley  stated  that,  with  the  development  of  the  anti-friction 
idler,  designers  have  reduced  the  power  required  in  horizontal  drives 
and  belts  to  3/5  the  figure  formerly  necessary;  the  direct  outcome,  of 
course,  was  lighter  belts,  faster  drives,  etc.  Distributing  ploughs, 
shuttles,  and  trippers  will  now  place  belt-carried  materials  exactly 
where  required. 

He  described  in  some  detail  uses  of  various  types  of  general  han- 
dling equipment  including  ship  hoists,  elevators,  screws  and  chain  belt 
equipment.  Ship  hoists,  he  stated,  are  now  in  large  measure  replacing 
elevators.  Screws  are  extremely  useful  in  handling  non-abrasive  mate- 
rials. Some  modifications  in  the  former  design  of  chain  link  conveyors 
have  greatly  improved  their  efficiency  and  lowered  maintenance  charges. 

Mr.  Farley  then  showed  a  motion  picture  of  the  operations  at  the 
Marblehead  Lime  Company  of  Chicago  which  was  enjoyable  in  that 
the  audience  could  view  the  interesting  operations  of  crushing,  screening 
and  calcining  without  the  atmospheric  dust  disturbances  usually  so 
troublesome  in  visiting  the  scene  of  such  operations.  Several  technical 
points  discussed  by  the  members  were  explained  by  Mr.  Farley. 

A  hearty  vote  of  thanks  was  accorded  Mr.  Farley  for  his  kindness 
in  preparing  so  interesting  a  paper  upon  a  broad  subject.  The  meeting 
adjourned,  and  refreshments  were  served  in  the  McMaster  Chemical 
Laboratory. 

Attendance,  40. 

Quebec  Branch 

Jules  Joyal,  A.M.E.I.C,  Secretary-Treasurer. 
Newsprint  Paper  Machines 

This  was  the  subject  of  a  talk  given  by  Mr.  James  O'Halloran, 
A.M.E.I.C,  of  the  Anglo-Canadian  Pulp  &  Paper  MUls  Limited,  Quebec, 
at  a  meeting  of  this  Branch  held  on  March  4th,  1935. 

Mr.  O'Halloran's  lecture  was  illustrated  and  for  that  reason  the 
subject  cannot  be  easily  summarized;  however,  the  main  purpose  of 
the  speaker  was  to  outline  some  of  the  principal  operating  and  mechan- 
ical features  of  a  modern  high  speed  newsprint  machine.  This  was 
done  in  a  very  able  manner  and  the  audience  was  greatly  interested. 

Short  mention  was  made  of  mechanical  and  chemical  pulp  processes, 
attention  was  drawn  to  the  fact  that  it  requires  approximately  1  %  cords 
of  wood  to  produce  one  ton  of  newsprint  paper. 

The  speaker  then  described  a  complete  paper  machine,  and  in 
concluding  said  that  the  last  few  years  have  been  such  difficult  ones 
for  the  Canadian  paper  industry,  that  they  have  caused  very  careful 
studies  to  be  made  of  the  paper  machines  with  the  idea  of  increasing 
their  operating  efficiency  and  their  speeds.  Increased  production 
vdthout  increased  investment  in  equipment  is  a  definite  means  of  lower- 
ing production  costs  and  this  has  been  accomplished  in  a  great  many 
cases.  Machines  which  five  years  ago  had  a  maximum  speed  of  900 
feet  per  minute  can  now  successfully  operate  at  1,200  feet  per  minute 
due  to  careful  study  and  adjustment  with  only  minor  changes  in  equip- 
ment. 

Every  part  of  the  machine  is  receiving  the  closest  attention  at 
the  present  time,  and  it  is  hoped  that  the  results  will  be  faster  and 
more  efficient  machines  will  help  to  lower  manufacturing  costs  to  a 
point  where  a  profitable  operation  may  be  expected. 
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Saguenay  Branch 

J.  W.  Ward,  A.M.E.I.C.,  Secretary-Treasurer. 
Paper  Making 

On  Friday  evening,  May  10th,  1935,  S.  J.  Fisher,  m.e.i.c,  gave  a 
paper  on  the  subject  of  "Paper  Making,  Ancient  and  Modern,"  before 
a  meeting  of  fifty-two  members  and  guests. 

The  speaker  conmienced  his  address  by  giving  a  brief  history  of 
the  art  of  paper  making.  Before  the  first  paper  was  made  by  the 
Chinese  about  120  B.C.  stone  and  bronze  tablets  were  used,  followed 
by  parchment  made  from  the  skins  of  animals,  and  papyrus  which  was 
made  by  moulding  or  pressing  the  pith  of  a  reed. 

Paper  may  be  described  as  a  web,  formed  of  strands  of  vegetable 
fibre  first  separated  then  recombined.  This  process  was  performed  by 
the  first  paper  makers,  by  breaking  down  wood  or  other  vegetable 
matter  under  water.  After  obtaining  a  sufficient  quantity  of  the  mixture 
of  fibre  and  water,  a  screen  or  mould  was  dipped  into  it,  brought  up 
and  allowed  to  drain.  A  mat  of  interlocked  fibre  was  left  on  the  screen 
which  was  allowed  to  dry.  The  surfaces  were  smoothed  by  rubbing 
with  stones. 

The  art  spread  slowly  from  China,  reaching  Bagdad  about  793 
A.D.  and  Morocco  in  1100.  It  was  introduced  to  Europe  about  1390, 
reaching  England  by  1494  and  America  in  1690. 

The  hand  mould  process  with  improvements  to  moulds  and  fibre 
processing,  continued  to  be  the  only  manner  of  paper  making  until 
1800  when  the  first  developments  were  begun  on  continuous  sheet 
machines. 

Present  day  newsprint  consists  of  20  per  cent  to  25  per  cent  of 
sulphite  puJp  and  the  remainder  ground  wood  pulp.  Sulphite  pulp 
gives  the  paper  the  strength  required  and  the  ground  wood  pulp  gives 
it  the  high  speed  printing  qualities.  The  best  wood  for  newsprint  is 
spruce  with  the  addition  of  a  small  percentage  of  balsam. 

The  paper  which  was  well  illustrated  with  slides  proved  to  be  very 
interesting,  and  a  hearty  vote  of  thanks  was  tendered  the  speaker. 

*  *  * 

Immediately  following  the  reading  of  the  above  paper,  the  members 
of  the  Branch  held  a  meeting  to  discuss  the  proposal  of  G.  McL.  Pitts, 
A. M.E.I.C,  regarding  the  amalgamation  of  The  Institute  with  the 
various  provincial  associations  of  professional  engineers.  After  some 
discussion  a  committee  consisting  of  Messrs.  H.  R.  Wake,  a.m. e. i.e., 
G.  F.  Layne,  a.m.e.x.c,  J.  Shanly,  a. m.e.i.c,  and  H.  B.  Pelletier, 
A. M.E.I.C,  was  formed  to  make  a  further  study  of  this  proposal,  and 
to  prepare  a  motion  to  be  placed  before  the  next  meeting.  This  motion, 
subject  to  the  approval  of  a  majority  of  the  members,  will  take  the 
form  of  an  expression  of  opinion  of  the  Saguenay  Branch  regarding 
the  proposed  amalgamation. 

There  being  no  further  business  the  meeting  adjourned. 

The  Late  D.  N.  Dunlop,  O.B.E. 

Mr.  D.  N.  Dunlop,  O.B.E.,  founder  of  the  World  Power  Con- 
ference, died  on  May  30th,  1935,  after  a  short  illness. 

Born  in  Ayrshire,  Scotland,  in  1868,  Mr.  Dunlop  served  his  en- 
gineering apprenticeship  in  Glasgow,  and  in  1896  became  connected 
with  the  Westinghouse  Company,  retaining  this  connection  until  1911 
when  he  was  appointed  the  first  organizing  secretary  of  the  British 
Electrical  and  Allied  Manufacturers'  Association  (B.E.A.M.A.),  hold- 
ing the  position  of  director  of  that  body  until  his  death. 

Soon  after  the  war  Mr.  Dunlop  conceived  the  idea  that  the  en- 
gineers and  scientists  whose  inventions  had  been  so  powerful  in  destruc- 
tion, should  lend  their  great  talents  in  the  rebuilding  of  the  world. 

As  a  result  of  his  efforts,  on  June  30th,  1924,  the  Prince  of  Wales 
opened  the  first  World  Power  Conference  in  the  presence  of  representa- 
tives of  about  forty  countries.  From  this  conference  grew  a  permanent 
organization  continuing  the  work  begun  in  1924,  so  that  during  the 
past  eleven  years  the  second  plenary  World  Power  Conference  has 
been  held  in  Berlin  and  sectional  meetings  in  Basle,  London,  Barcelona, 
Tokyo  and  the  Scandinavian  capitals,  while  the  Chemical  Engineering 
Congress  of  the  World  Power  Conference  will  take  place  in  London 
next  year. 

The  World  Power  Conference  has  now  become  a  highly  important 
international  body  with  forty-nine  member  countries,  and  a  central 
office  in  London,  and  bids  fair  to  realize  Mr.  Dunlop's  vision  of  a 
meeting  place  between  scientists  and  engineers  on  the  one  hand  and 
statesmen  and  economists  on  the  other.  The  success  attained  is  in 
no  small  measure  due  to  his  personality  and  organizing  gifts. 

The  McCharles  Prize 

The  fifth  award  of  the  McCharles  Prize  has  recently  been  made  to 
Harold  W.  Price,  b.a.Sc,  professor  of  electrical  engineering  in  the 
University  of  Toronto. 

The  McCharles  Prize  was  established  by  the  Board  of  Governors 
of  the  University  of  Toronto  through  a  bequest  by  the  late  iEneas 
McCharles,  and  provides  for  an  occasional  award  of  the  value  of  $1,000. 
The  award  is  made  for  distinction  in  scientific  research,  the  discovery 


or  invention  of  processes  of  benefit  to  Canada  and  applicable  on  a 
practical  scale. 

The  present  award  is  for  the  invention  and  application  of  devices 
for  improving  the  control  and  quality  of  electric  power  service  in  large 
systems.  Its  application  to  the  Hydro-Electric  Power  Commission  of 
Ontario  has  already  produced  a  marked  benefit  to  electric  power  users. 

RECENT  ADDITIONS  TO  THE  LIBRARY 

Reports,  etc. 

Canada,  Civil  Service  Commission:  26th  Annual  report  for  the  year  1934. 
Canadian  Electrical  Association:  Advance  Reports  for  45th  Annual  Con- 
vention, 1935. 
Harbour  Commissioners  of  Montreal:  T^nual  report,  1934. 
Canada,  National  Parks:  Annual  report  of  the  Commissioner,  1934. 
Kenya  and  Uganda  Railways  and  Harbours:  Report  of  the  General 

Manager,  1934. 
Canada,  Department  of  Agriculture:  Soil  Drifting  Control  in  the  Prairie 

Provinces. 
University  of  Toronto,   Faculty  of  Applied  Science  and  Engineering: 

Calendar  1935-36. 
Canada,  Department  of  Pensions  and  National  Health:  Wells,  by  G.  H. 

Ferguson,  and  Sewage  treatment  for  isolated  Houses  and  Small 

Institutions,  by  G.  H.  Ferguson. 
Ontario,  Department  of  Mines:  43rd  Annual  Report,  Part  III,  1934. 
American  Society  of  Civil  Engineers:  Reconmiendations  for  Determining 

Fees  to  be  allowed   for   Professional  Engineering  Services  and 

Salaries  of  Civil  Engineers. 
Canada,   Department   of  Mines,   Mines   Branch:   Petroleum    Fuels    in 

Canada,  Deliveries  for  consumption,  1933. 
Canada,  Dept.  of  Mines,  Explosives  Division-  Annual  report  for  1934. 

Technical  Books,  etc..  Received 

British  Engineers  Association:  Classified  Handbook  of  members  and 

their  manufactures,  1935. 
Six  Ways  to  Figure  Radiation,  edited  by  Harold  L.  Alt  {Domestic 

Engineering  Publications) . 
Jones'   Estimating  Tables  on  Air  Requirements  and   Duct  Sizes  for 

Heating  and  Air  Conditioning  (Domestic  Engineering  Publications). 
The  Principles  of  Electric  Power  Transmission,  by  H.  Waddicor  (John 

Wiley  and  Sons,  Inc.) 

BOOK  REVIEWS 

Six  Ways  to  Figure  Radiation 

Edited  by  Harold  L.  Alt.    Published  by  Domestic  Engineering  Publica- 
tions, Chicago.    1935.   S2.00.   3^/i  by  6]/2  inches.    Imitation  leather. 
In  this  small  book  the  author  describes  six  recognized  methods 
of  figuring  the  radiator  surface  for  a  house  and  explains  how  to  use 
them.    Their  application  is  illustrated  by  a  practical  example. 

Jones'  Estimating  Tables 

By  Ernest  F.  Jones.  Published  by  Domestic  Engineering  Publications, 
Chicago.    1935.    $2.00.    5%  by  8%  inches.    68  pages.    Imitation  leather. 

This  book  is  of  interest  to  tho.se  who  have  to  estimate  for  forced 
air  heating  for  residences  and  other  small  buildings.  Four  sets  of 
tables  (degree  difference  of  90,  80,  70  and  60)  are  given  with  multiply- 
ing factors  for  c.f.m.  requirements  on  nine  different  factors  of  heat  loss. 

The  book  also  contains  charts  of  duct  sizes  and  tables  for  determin- 
ing register  and  riser  sizes.  An  example  shows  the  application  of  the 
tables  and  factors. 


The  Maiden  Voyage  of  the  S.S.  "Normandie" 

The  S.S.  Normandie  of  the  Compagnie  Generale  Transatlantique, 
has  secured  for  France  the  coveted  Blue  Riband  of  the  Atlantic  on 
her  maiden  voj'age.  The  vessel  left  Le  Havre  at  5.20  p.m.  g.m.t.  on 
Wednesday,  May  29th,  and  proceeded  at  between  28  knots  and  30 
knots  to  Spithead,  picking  up  passengers  from  England  in  Cowes  Roads. 
Leaving  there  in  the  early  hours  of  Thursday,  May  30th,  she  proceeded 
down  Channel,  being  at  first  somewhat  delayed  by  mist.  She,  how- 
ever, passed  Bishop's  Rock,  off  the  Scilly  Isles,  at  11.48  a.m.  g.m.t., 
and  passed  the  Ambrose  Light  at  2.50  p.m.  g.m.t.  on  Monday,  June 
3rd,  having  thus  steamed  the  intervening  distance  of  2,971  miles  in 
four  days  three  hours  and  two  minutes,  at  an  average  speed  of  29.98 
knots.  Notable  as  this  performance  is,  it  would  have  been  improved 
upon  but  for  the  fact  that  the  speed  had  to  be  reduced  for  a  period 
of  about  eleven  hours  on  Saturday,  June  1st,  owing,  we  understand,  to 
the  failure  of  a  condenser  tube.  It  may  be  of  interest  to  recall  here 
that  the  Blue  Riband  was  previously  held  by  the  Rex,  vsdth  an  average 
speed  for  the  voyage  between  Gibraltar  and  New  York  of  28.92  knots. 
Before  that  the  Bremen  made  a  run  between  Cherbourg  and  New  York 
at  28.51  knots,  and  the  Mauretania's  record  was  27.22  knots  between 
Ambrose  Light  and  Plymouth.  The  Mauretania,  it  may  be  remembered, 
was  twenty-two  years  old  when  her  record  was  made. — Engineering. 
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Archaouloff  System  of  Fuel  Injection  in 
Diesel  Engines 

The  M/S  Calgarolite,  a  vessel  of  17,000  tons  deadweight  owned  and 
operated  by  Imperial  Oil,  Limited,  Toronto,  Canada,  has  recently  had 
the  fuel  injection  system  of  her  main  engines  converted  from  air  injection 
to  solid  injection. 

The  Calgarolite  is  equipped  with  twin  Krupp  six-cylinder,  two- 
stroke  cycle  single  acting  diesel  engines,  each  developing  2,450  b.h.p. 
at  90  r.p.m.  Commissioned  in  July  1929  the  vessel's  engines  were 
operated  under  the  air  injection  system  till  January  1934  when  the 
Archaouloff  system  of  solid  injection  was  installed.  This  system  of  fuel 
injection  is  easily  fitted  and  does  not  necessitate  any  considerable 
amount  of  alteration  to  the  engines.  The  basic  idea  of  the  scheme 
devised  by  Professor  Vadim  Archaouloff  and  further  developed  by 
Krupp  engineers  consists  in  utilizing  the  compression  pressure  in  the 
engine  cyhnder  to  operate  the  airless  fuel-injection  pump.  Briefly,  all 
that  is  required  to  convert  from  air  injection  to  solid  injection  is  to  fit 
in  place  the  Archaouloff  injection  pump,  replace  existing  fuel  valves  by 
different  type  valves  and  make  a  few  piping  alterations,  all  of  which 
can  be  and  have  been  done  by  the  ship's  personnel  at  sea  with  negligible 
interruption  to  the  vessel's  regular  schedule. 

Each  engine  cylinder  has  its  individual  injection  pump 
(Fig.  1)  which  consists  of  a  vertical  water  cooled  cylinder  having  a 
bottom  but  no  cover  or  head  and  fitted  with  a  piston.  This  gas  or  power 
cylinder  is  open  to  the  atmosphere  at  its  upper  end  and  at  its  lower  end  is 
connected  to  the  compression  space  of  its  respective  engine  cylinder  by 
means  of  a  pipe.  Connected  by  suitable  means  to  the  piston  of  this 
cylinder  is  a  second  piston  or  plunger  extending  upward  and  working 
in  a  fuel  cylinder.  The  fuel  cylinder  is  open  to  the  atmosphere  at  the 
lower  end  and  closed  by  means  of  a  removable  head  at  its  upper  end. 
A  horizontal  duct  through  the  cylinder  wall  together  with  a  high  pressure 
pipe  forms  the  connection  between  the  fuel  space  of  the  fuel  cylinder  and 
the  fuel  injection  valve  of  its  respective  main  engine  cylinder.  The 
head  of  the  fuel  cylinder  is  fitted  with  a  spring  loaded  fuel  inlet  valve  and 
an  escape  valve,  the  latter  used  for  priming  purposes  when  starting  up. 

The  diameter  of  the  gas  cylinder  is  86  mm.  and  of  the  fuel  cylinder 
25  mm.  stroke  of  each  38  mm.  The  gas  piston  is  fitted  with  rings  in  the 
usual  marine  manner  while  the  fuel  plunger  is  of  the  solid  lap  fitted  type. 

The  Archaouloff  apparatus,  gas  and  fuel  components  is  a  compact 
unit  and  to  install  it  on  the  Calgarolite  all  that  was  necessary  was  to 
remove  a  "U"  bend  which  formerly  led  the  cooling  water  from  the  main 
engine  cylinder  jacket  to  the  main  engine  cylinder  head,  fit  a  special 


Fig.  1- 


-Section  through  the  Injection  Pump — Archaouloff -Krupp 
Diesel  Engine. 

elbow  to  the  jacket  cooling  water  outlet  in  place  of  the  "U"  bend,  con- 
nect the  apparatus  to  this  elbow  and  make  a  return  water 
pipe  from  the  Archaouloff  gas  cylinder  to  the  main  engine  cylinder  head. 
By  this  means  the  cooling  of  the  gas  cylinder  was  taken 
care  of  and  a  convenient  method  afforded  of  securing  the  whole  appara- 
tus in  place  without  affecting  the  circulation  of  the  cooling  water  of  the 
main  engines.  In  addition  to  above  there  were  necessary  alterations  to 
existing  fuel  piping  and  the  provision  of  some  extra  piping  and  fittings. 


Figure  1  shows  diagrammatically  the  Krupp  arrangement  of  the 
Archaouloff  device.  A  is  the  air  cylinder  of  the  injection  pump;  B  the 
fuel-injection  pump;  C  the  fuel  valve;  D  the  pipe  taking  the  gas  from 
the  combustion  chamber  to  the  injection  pump  which  may  be  shut  off 
by  means  of  cock  E.  The  fuel  passes  at  F  from  the  fuel  pump  into  the 
injection  pump  and  into  the  pressure  chamber  through  valve  G,  then 
through  the  pressure  pipe  H  to  the  fuel  valve.  J  is  a  lever  connected 
with  the  fuel  valve  in  order  to  vary  the  tension  in  the  valve  spring. 


Fig.  2— Section  through  the  Cylinder  Head. 

K  is  the  connection  for  a  leakage  pipe,  which  provides  an  outflow  for  the 
fuel,  which  runs  in  droplets  along  the  valve  needle.  L  is  a  scale  showing 
the  lift  of  the  piston. 

The  cooling  water  from  the  cylinder  cover  used  to  cool  the  air 
cylinder  of  the  injection  pump  comes  in  at  M  and  leaves  at  A''.  0  and  P 
are  the  corresponding  cooling-water  connections  for  the  fuel  valve. 

The  fuel  pumps  used  on  the  main  engines  using  air  injection  system 
remain  unaltered  but  instead  of  delivering  fuel  direct  to  an  air  injection 
cam-operated  fuel  valve  on  the  main  engine  cylinder  head  they  now 
deliver  the  quantity  of  fuel  necessary  for  the  desired  speed  of  the  engine 
through  the  spring  loaded  valve  in  the  fuel  cylinder  head, 
the  piston  being  at  this  time  free  to  move  downward  to 
accommodate  the  amount  of  fuel  delivered.  The  fuel  having  been  thus 
delivered  compression  in  the  main  engine  cylinder  commences  and  the 
under  side  of  the  gas  piston  being  in  communication  with 
the  main  engine  cylinder  by  means  of  a  pipe  as  previously  mentioned, 
a  pressure  is  exerted  on  this  piston,  transmitted  by  it  to  the 
fuel  plunger  and  thus  to  the  fuel  oil  previously  delivered  to  the  top  of 
the  plunger.  The  diameter  ratio  of  the  gas  piston  to  the  fuel  plunger 
being  approximately  3.4  to  1  a  point  is  reached  at  which  the  pressure  on 
the  fuel  is  sufficiently  high  to  open  the  automatic  fuel  injection  valve  on 
the  main  engine  cylinder  head  and  the  process  of  injection  commences. 
This  process  terminates  when  the  fuel  plunger  closes  the 
horizontal  delivery  duct  in  its  cylinder  wall.  The  main  engine  fuel 
pumps  at  the  proper  time  again  deliver  the  required  quantity  of  fuel  to 
the  fuel  cylinder  ready  for  the  next  revolution,  driving  the 
fuel  plunger  and  gas  piston  downward,  a  distance  according  to  the 
amount  of  fuel  deUvered. 

The  Archaouloff  system  of  fuel  injection  differs  from  usual  methods 
in  both  air  and  solid  injection  engines  in  that  the  timing  of  injection  is 
not  controlled  by  a  cam-actuated  fuel  injection  valve  as  in  an  air  injec- 
tion system  or  by  a  fuel  pump  driven  by  a  cam  as  in  other  solid  injection 
systems.  The  timing  of  injection  is  controlled  by  the  pressure  on  the 
fuel  in  the  fuel  cylinder  and  is  not  governed  by  a  pre- 
determined crank  angle.  Injection  commences  as  soon  as  the  pressure 
on  the  fuel  is  sufficient  to  lift  the  needle  of  the  spring  loaded  fuel  injec- 
tion valve  on  the  main  engine  cylinder  head  so  that  beginning  of  injec- 
tion is  variable  with  the  load  of  the  spring.  As  combustion  commences 
the  pressure  on  the  gas  piston  increases  andjthe  process  of  injection  is 
accelerated. 

The  Archaouloff  apparatus  is  purely  an  injection  pump.  The 
amount  of  fuel  delivered  to  the  various  cylinders  of  the  engine  is  con- 
trolled by  the  supply  pump,  in  this  case  the  fuel  pumps  used  in  the 
former  air  injection  system. 

Provision  is  made  against  overcharge  of  fuel  delivery,  for  thorough 
priming  previous  to  starting  up  and  for  cutting  out  any  one  injection 
pump  for  overhaul  or  repair  without  stopping  the  engines. 

The  system  has  operated  very  satisfactorily  on  the 
M/S  Calgarolite.  Compared  with  the  former  air  injection  system 
manoeuvring  qualities  have  been  greatly  improved,  engines  start 
promptly  from  cold  and  the  quantity  of  starting  air  required  has  been 
greatly  reduced.  Since  installation  of  the  system  the  vessel 
has  covered  60,479  nautical  miles  at  an  average  speed  of  12  knots  with 
a  fuel  consumption  of  146.6  bbls.  per  day.  With  air  injection  system  for 
58,883  nautical  miles  distance  covered  the  average  speed  was  12  knots 
and  fuel  consumption  159.25  bbls.  per  day.    The  reduction  of  fuel  con- 
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sumption  with  the  solid  injection  system  is  7.94  per  cent  and  further 
improvement  is  expected  as  the  period  of  operation  shown  includes  time 
spent  in  making  adjustments  necessary  to  obtain  efficient  operation  of 
the  system.  Some  trouble  was  at  first  experienced  with  leakage  in  inlet 
valves  on  fuel  cylinder  heads  and  rings  in  gas  cylinder  pistons  but  these 
difficulties  are  being  overcome.  No  trouble  is  experienced  in  timing  the 
fuel  injection.  Adjustment  of  the  fuel  injection  valve  spring  can  be 
made  easily  and  accurately  and  the  pressure  at  which  the  fuel  valve 
opens  is  approximately  300  atmospheres. 

In  September  1934  Imperial  Oil,  Limited  completed  installation  of 
the  Archaouloff  system  in  their  M/S  Victolite,  a  twin  screw  vessel  of 
16, .500  tons  d.w.,  with  four  cylinder  engines  of  type  similar  to  the 
Calqarolite  and  the  system  has  now  been  installed  on  the  M/S  CO. 
Stillman  owned  by  International  Fetroleum  Company,  Limited.  This 
vessel  is  of  24,000  d.w.  tons  and  is  engined  by  twin,  six-cylinder,  two- 
stroke  cycle,  smgle  acting  M.A.N.  Diesel  engines  developing  a  total 
of  4,300b.h.p.  at90r.p.m. 

Note: — The  two  illustrations  are  reproduced  from  the  January, 
193.5  issue  of  Mechanical  Engineering. 

Share  the  Wealth 

Abstract  of  an  address  given  on  April  28th,  1935,  by  W.  Cameron 
of  the  Ford  Motor  Company,  Detroit. 

"Share  the  wealth"  plans  usually  begin  with  the  assumption  that 
wealth  is  money.  Just  share  the  money  and  you  have  shared  the 
wealth!  That  is  a  fallacy.  Money,  being  merely  part  of  the  book- 
keeping system  of  society,  is,  or  ought  to  be,  the  sign  of  wealth,  but 
it  is  not  and  never  can  be  wealth  itself. 

It  is  further  assumed  that  wealth  can  be  "shared"  by  taking  it 
away  and  giving  it  away.  There  is  a  "catch"  here  also,  for  wealth 
is  never  wealth  in  the  taking  but  in  the  using  and  the  making,  and  to 
think  of  "sharing"  as  taking  is  only  a  half  truth.  Practically  all  of 
the  actual  wealth  under  Ford  management  consists  in  productive 
plants  and  machinery  and  what  goes  wath  them.  They  are  wealth 
because  under  proper  management  they  produce  what  people  can  use 
in  living  or  in  getting  a  living.  How  that  machinery  could  be  con- 
fiscated, and  bit  by  bit  distributed,  and  still  be  wealth; — or,  if  not 
distributed,  how  it  could  be  managed  by  politicians  or  any  other  group 
of  theorists  and  still  remain  a  source  of  national  wealth,  no  one  takes 
the  trouble  to  explain. 

Up  to  the  present  time  the  most  effective  mechanism  that  ex- 
perience has  devised  to  "share  the  wealth"  is  industry.  Industry  is 
a  market  where  people  bring  what  they  have,  to  get  what  they  need. 
It  is  a  trading  centre  where  materials,  labour,  skill  and  science  are 
changed  into  commodities  useful  to  life.  The  farmer  brings  his  produce 
to  get  industrial  products  in  return.  The  miner  brings  his  ore;  the 
weaver  his  textiles,  the  millman  his  steel;  the  workers  in  rubber,  oil 
and  glass  bring  their  products;  railroad  men  and  sailors  bring  their 
services  and  so  on  through  a  hundred  lines  of  work  that  focus  in  every 
great  industry.  Everyone  shares  in  the  making  in  order  to  share  in 
the  taking.  He  brings  goods  or  work,  which  is  real  wealth;  he  receives 
dollars  which  give  him  a  claim  on  the  equivalent  of  the  wealth  he  has 
contributed.  How  this  natural  process  works  may  be  illustrated  by 
what  occurred  in  the  Ford  Motor  Company  during  the  first  three 
months  of  this  year. 

The  cars  we  made  during  those  three  months  consumed  more 
than  $48,000,000's  worth  of  labour  in  our  own  shops.  That  labour 
was  rendered  in  all  parts  of  the  country,  its  equivalent  was  returned 
to  all  parts  of  the  country:  more  than  $3,000,000  in  wages  for  the 
south,  almost  $4,000,000  in  wages  for  the  west,  more  than  $5,500,000 
in  wages  for  the  east,  nearly  $35,000,000  in  wages  for  the  great  central 
area  of  the  country.  That  was  for  three  months  in  Ford  shops  only. 
Now,  outside  our  shops,  we  bought  from  other  industries  more  than 
$214,000,000  worth  of  materials  during  those  three  months.  Of  this 
sum  those  industries  paid  their  employees  nearly  $72,000,000  in  wages, 
and  passed  the  remaining  $142,000,000  along  to  their  suppliers,  who 
in  turn  paid  their  employees,  and  so  on  back  along  the  whole  line  of 
supply  until  it  paid  wages  to  the  last  producer.  So  that  for  those  first 
three  months  of  this  year  we  can  count  first-hand  wage  payments  of 
$120,000,000  on  work  directly  done  for  the  Ford  industry  alone.  And 
we  can  count  an  additional  $142,000,000  in  second-,  third-  and  fourth- 
hand  wage  payments  for  work  done  for  the  suppliers  of  our  suppliers 
all  dovm  the  line.  That  is  "sharing  the  wealth."  For  every  car  we  made, 
some  railroad  or  other  shipping  employee  received  $22  in  wages.  For 
every  car  we  made,  some  worker  in  a  rubber  factory  received  $12.50 
in  wages.  For  every  car  we  made,  some  worker  in  a  steel  mill  received 
$12  in  wages.  And  these  were  repeated  386,326  times  over,  for  that 
is  the  number  of  cars  we  made  during  that  period.  For  every  ton  of 
coal  we  burned,  some  miner  received  a  dollar  in  wages,  and  you  can 
multiply  that  by  600,000  tons.  That  is  sharing.  That  is  not  speech- 
making. 

All  this  in  just  one  industry.  Imagine  hundreds  of  industries 
doing  the  same  thing  each  in  its  proportion.  Industry  can  really 
"share  the  wealth"  because  its  first  concern  is  to  create  the  wealth. 
There  is  no  division  without  creation.  Never  have  creating  and  shar- 
ing been  so  effectively  combined  as  in  industry.  There  is  no  other 
way.  The  sharing  process  needs  constant  improvement,  but  certainly 
it  does  not  need  introduction.    It  is  already  nere,  and  operating. 


National  Distribution  of  Electricity,  Water  and  Gas 

The  striking  contrast  which  existed  some  time  ago  between  the 
economists  who  insisted  that  individuals  should  help  their  country 
by  saving,  and  the  school  who  considered  salvation  possible  only 
through  spending,  was  no  less  notable  than  that  which  to-day  exists 
between  the  advocates  and  otherwise  of  public  works.  It  will  be 
remembered  that  the  chief  plank  of  Mr.  Lloyd  George's  last  election 
platform  was  the  expenditure  of  some  £50,000,000  on  new  roads,  at 
a  time  when  very  many  thought  spending  in  this  direction  had  already 
gone  further  than  the  actual  needs  of  the  country  warranted.  In  this 
country,  the  attempt  to  meet  the  unemployment  difficulty  by  such 
means  has  been  spread  over  many  years.  Roads  have  been  improved 
and  marine  parades  constructed  at  seaside  resorts  by  means  of  govern- 
ment grants  and  so  on.  However,  this  phase  is  passed,  and  there  is 
no  doubt  that  there  is  quite  a  body  of  opinion  behind  Mr.  Runciman 
and  Mr.  N.  Chamberlain  in  their  contention  that  further  effort  in  this 
direction  is  undesirable  at  present. 

It  would  be  possible,  we  suppose,  to  take  an  example,  to  compare 
the  effectiveness  of  the  road  building  schemes  of  recent  years,  with 
that  of  the  grid,  as  a  solution  of  the  unemployment  difficulty.  The 
statistics  might  not  be  easy  to  come  by,  but  it  would  appear  to  be 
not  at  all  unlikely  that  from  the  employment  viewpoint,  the  country 
has  on  the  whole  spent  its  money  more  wisely  on  the  latter  than  on 
the  former.  Both  have,  of  course,  involved  ancillary  industrial  activi- 
ties, but  the  grid  has  kept  busy  many  large  works  all  over  the  country, 
has  kept  alive  our  best  designing  and  business  brains,  and  has  em- 
ployed skilled  labour  in  construction,  to  say  nothing  of  the  industries 
again  behind  the  makers  of  plant,  added  to  which,  with  their  works 
well  occupied,  many  manufacturers  have  secured  contracts  which 
otherwise  could  not  have  fallen  to  them.  And,  withal,  the  work  has 
been  financed  in  the  ordinary  market,  with  the  anticipation  of  a  direct 
return,  whereas  road  building  involves  the  burden  of  taxation. 

But  if  electricity  is  desirable,  there  is  no  doubt  that  water  is  an 
essential  wherever  there  are  habitations.  We  can  exist  without  the 
former,  but  in  the  absence  of  the  latter  life  is  impossible.  Modern 
education  and  sanitary  reform  have  all  been  in  the  direction  of  im- 
pressing upon  our  people,  from  childhood  upwards,  the  connection 
between  cleanliness  and  health,  and  it  is  manifestly  absurd  to  spend 
much  money  in  instilling  into  young  minds  ideas  of  life  which  outside 
school  premises  it  is  impossible  to  follow.  As  years  have  passed,  the 
scale  of  thought  has  advanced.  A  town  dweller  to-day,  always  a 
larger  consumer  than  the  countryman  drawing  from  a  well,  uses  far 
more  water  than  did  his  father  or  grandfather.  The  villager,  however, 
is  little  better  off  than  formerly. 

Any  national  scheme  would,  of  course,  aim  at  a  better  use  of  our 
resources  and  a  better  service  to  the  rural  and  other  areas  now  ill- 
supplied.  To  effect  this  would  mean  the  opening  up  of  new,  and  the 
improved  distribution  of  existing,  supplies.  While  this  might  mean 
quite  probably  relatively  long-distance  transmission  in  some  cases,  it 
appears  to  us  to  be  quite  beside  the  point  to  picture  at  this  stage  a 
very  elaborate  grid  on  the  lines  of  the  electrical  system,  merely  to 
prove  it  to  be  impossible.  Anything  in  the  way  of  a  water  grid  is 
clearly  to  be  introduced  only  where  necessary,  and  after  due  study 
and  consideration. 

As  with  water  and  electricity,  so  with  gas.  In  recent  years  this 
industry  has  had  a  very  well-founded  complaint  that  the  weight  of 
the  Government  has  been  thrown  into  the  scale  in  favour  of  a  rival. 
The  two  supplies  each  have  their  appropriate  field,  and  in  some  coun- 
tries, where  both  are  often  in  the  hands  of  one  company,  are  worked 
side  by  side  with  excellent  effect. 

At  present,  the  tendency  is  to  absorb  companies  into  larger  con- 
cerns, to  inter-connect  between  the  various  works  and  to  work  for 
more  efficient  production  by  the  use  of  the  best  installations  of  the 
group.  Is  it  not  possible  that,  taken  in  hand  in  the  correct  way, 
these  might  be  further  welded  into  a  national  system  of  distribution, 
while  retaining,  as  with  electricity,  the  identity  of  the  actual  producers, 
and,  as  with  electricity,  bring  to  the  subject  such  government  backing 
as  would  make  feasible  very  great  developments  of  supply.  It  has 
even  been  with  some  reason  suggested  that,  put  upon  a  similar  footing 
in  this  respect,  the  two,  electricity  and  gas,  might  cease  to  quarrel 
and  turn  their  combined  weapons  on  imported  fuel. — Engineering. 


The  Canadian  Ohio  Bro.s.s  Company  Ltd.,  Niagara  Falls,  Ont., 
announces  that  it  has  extended  the  economy  of  its  Universal  strain 
clamp  still  further  by  introducing  a  baby  universal  clamp.  In  principle 
of  design  this  new  strain  clamp  is  exactly  like  the  larger  0-B  universal. 
The  primary  snub,  in  combination  with  a  modified  "V"  wire-groove  and 
a  positive  clamping  member,  makes  this  smaller  clamp  applicable  to 
the  range  of  conductor  sizes  and  types  used  on  rural  electrification. 
The  only  differences  in  the  two  universal  strain  clamps  are  size  and  cost. 
The  baby  universal  will  take  No.  6  to  No.  2  solid  or  stranded  cables. 

Sawyer-Massey,  Limited,  of  Hamilton,  Ontario,  have  recently 
issued  an  attractive  catalogue  descriptive  of  their  manufacturing 
facilities  and  illustrating  the  wide  variety  of  equipment  produced  by 
the.General  Contract  Department  of  their  Industrial  Division  at  their 
plant  in  Hamilton. 
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EMPLOYMENT  SERVICE  BUREAU 

The  Service  is  operated  for  the  benefit  of  members  of  The  Engineering  Institute  of  Canada, 

and  for  industrial  and  other  organizations  employing  technically  trained  men — 

without  charge  to  either  party. 

All  correspondence  should  be  addressed  to 

The  Employment  Service  Bureau,  The  Engineering  Institute  of  Canada 

2050  Mansfield  Street,  Montreal 


Situations  Wanted 

for  buildings  and  bridges.  Good  education.  Have  held 
position  of  responsibility.  Above  can  be  verified  by 
best  of  references.  Available  at  once.  Apply  to  Box 
No.  692-W. 

ELECTRICAL  AND  CIVIL  ENGINEER,  b.sc,  Elec. 
'29,  B.sc,  Civil  '33.  Age  27.  jr.E.i.c.  Undergraduate 
experience  in  surveying  and  concrete  foundations;  also 
four  months  with  Canadian  General  Electric  Co.  Thirty- 
three  months  in  engineering  office  of  a  large  electrical 
manufacturing  company  since  graduation.  Good 
experience  in  layouts,  switching  diagrams,  specifica- 
tions and  pricing.  Best  of  references.  Available  im- 
mediately.   Apply  to  Box  No.  693-W. 


Situation  Vacant 

PLANT  ENGINEER,  required  for  a  modern  newsprint 
mill  in  the  province  of  Ontario.  Give  age,  experience, 
education  and  salary  expected.  Reply  to  Box  No. 
1170-V. 

Situations  Wanted 

SALES  ENGINEER,  s.e.i.c;  b.sc.  c  e.,  1930  (Univ. 
New  Bruns.),  p.e.n.b.  Age  28.  Experience  includes 
building  inspection,  structural  detailing,  road  construc- 
tion, and  chemical  operation.  Interested  in  sales  work 
on  the  sales  staff  of  some  manufacturing  or  wholesale 
concern.     Apply  to  Box  No.  225-W. 

REINFORCED  CONCRETE  ENGINEER,  b.sc,  p.e.q., 
eight  years  experience  in  construction  design  of  industrial 
buildings,  office  buildings,  apartment  houses,  etc.  Age 
30.     Married.     Apply  to  Box  No.  257-W. 

DESIGNING  DRAUGHTSMAN,  experience  in  layout 
of  steam  power  house  equipment  and  piping.  Wide 
experience  in  mechanical  drive  and  details  of  machinery, 
gearing,  and  hoists.  Accustomed  to  layout  of  small  mill 
buildings  of  steel  and  timber,  structural  design  and 
details.  Good  references.  Present  location  Montreal. 
Apply  to  Box  No.  329-W. 

ENGINEER  AND  ACCOUNTANT,  jr.E.i.c,  (Capt. 
Can.  Engrs.,  reserve).  Age  35,  Canadian.  Experienced 
in  mechanical  and  civil  engineering.  Diploma;  general 
office,  draughting  and  instrument  work;  assistant  engineer 
erection  Royal  York  hotel;  assistant  resident  engineer 
T.  &  N.O.  Ry.  const.  Desires  position  in  Toronto 
where  combination  of  technical  and  business  experience 
will  be  of  value,  as  have  been  director  and  accountant 
last  three  years.     Apply  to  Box  No.  377-W. 

CIVIL  ENGINEER,  b.a.sc  and  c.e.;  a. me. i.e.,  a.m. 
A.S.C.E.,  age  32,  married.  Experience  over  twelve  years 
as  assistant  and  resident  engineer  on  the  construction  of 
hydro-electric,  railway,  and  aerodrome  works.  Also 
office  and  teaching  work  on  hydraulic  designs  and 
investigations,  reinforced  concrete,  bridge  foundations 
and  caissons.  Location  immaterial.  Available  at  once. 
Apply  to  Box  No.  447-W. 

SALES  ENGINEER,  m.a.sc.  Univ.  of  Toronto,  wishes  to 
represent  firm  selling  building  products  or  other  engineer- 
ing commodities,  as  their  representative  in  Western 
Canada.  Located  in  Winnipeg.  Apply  to  Box  No. 
467-W. 


MECHANICAL  ENGINEER,  b.sc  Age  31.  Married. 
Last  ten  years  includes: — Mechanical  structural  and 
reinforced  concrete  design  in  pulp  and  paper  mills, 
industrial  plants,  hydro-electric,  mine,  sewers  and 
sewage  disposal  plant  construction.  My  experience  also 
includes  shop  production,  steam  plant  combustion,  fuel 
analysing,  inspecting,  supervising  and  instrument  work 
on  industrial  construction.  Permanent  position  pre- 
ferred.    Apply  to  Box  No.  521-W. 

CIVIL  ENGINEER,  Canadian,  married,  twenty-five 
years  technical  and  executive  experience,  specialized 
knowledge  of  industrial  housing  problems  and  the 
administration  of  industrial  towns,  also  town  planning 
and  municipal  engineering,  desires  new  connection. 
Available  on  reasonable  notice.  Personal  interview 
sought.     Apply  to  Box  No.  544-W. 

CONSTRUCTION  ENGINEER,  age  26,  unmarreid, 
graduate  C.E.  Experience  includes  hydro-electric,  rail- 
road, highway,  and  industrial  plant  construction,  both 
field  and  office,  including  cost  accounting,  estimating, 
stores,  layout,  general  engineering  and  supervision,  as 
well  as  practical  work  in  mechanical  trades.  Apply  to 
Box  No.  667-W. 

DOMINION  LAND  SURVEYOR,  and  graduate  engineer 
with  extensive  experience  on  legal,  topographic  and 
plane-table  surveys  and  field  and  office  use  of  aero- 
photographs,  desires  employment  either  in  Canada  or 
abroad.     Available  at  once.     Apply  to  Box  No.  589-W. 

DESIGNING  ENGINEER  AND  ESTIMATOR,  grad. 
Univ.  of  Toronto  in  C.E.,  a. me. i.e.,  twenty  years 
experience  in  structural  steel,  construction  and  munic- 
ipal work.  Available  at  once.  Apply  to  Box  No. 
613-W. 


Situations  Wanted 

ELECTRICAL  ENGINEER,  McGill  '31,  desires  per- 
manent position  in  engineering  field.  Experience  in- 
cludes draughting,  designing  and  testing  of  induction 
motors,  radio  supervision  and  test,  and  some  construc- 
tion.   Available  immediately.    Apply  to  Box  No.  626-W. 

CIVIL  ENGINEER,  a. me. i.e.,  r.p.e.,  Ontario;  three 
years  construction  engineer  on  industrial  plants;  fourteen 
years  in  charge  of  construction  of  hydraulic  power 
developments,  tower  lines,  sub-stations,  etc.;  four 
years  as  executive  in  charge  of  construction  and  develop- 
ment of  harbours,  including  railways,  docks,  warehouses, 
hydraulic  dredging,  land  reclamation,  etc.  Apply  to 
Box   No.   647-W. 

ELECTRICAL  ENGINEER,  b.sc  in  E.E.  (Univ.  of 
Man.,  '30).  Age  25.  Two  year  Can.  Westinghouse 
Apprentice  Course.  Depts.-— Switchboard  assembly, 
general  draughting  office,  switchboard  engineering, 
test  office.  One  year's  experience  since  then  designing 
and  rewinding  small  motors  and  transformers.  Loca- 
tion immaterial.    Apply  to  Box.  No.  651-W. 

ELECTRICAL  ENGINEER,  Univ.  Grad.  1928.  Two 
years  Students'  apprenticeship  at  Can.  Westinghouse 
Co.,  including  test  and  electrical  machine  design.  Also 
about  two  years  experience  in  operating  dept.  of  large 
electrical  power  organization.  Available  on  short 
notice.     Apply  to  Box  No.  660  W. 


An  Interesting  Experiment 

Particulars  of  an  interesting  venture  in  en- 
deavouring to  assist  junior  engineers  to  secure 
employment  in  the  mining  district  have  been 
received  from  Manitoba. 

During  the  past  two  or  three  years,  the  Joint 
Committee  on  Unemployment  of  The  Institute  and 
the  Association  of  Professional  Engineers  made 
every  possible  effort  to  keep  in  touch  with  the  mines 
in  the  province  of  Manitoba  in  the  hope  that  young 
engineers  might  secure  employment  as  labourers, 
and  thus  be  on  the  ground  when  openings  for 
engineering  services  should  occur.  Time  after  time, 
the  Committee  was  too  late  in  getting  into  touch 
with  the  mining  officials.  By  the  time  a  letter 
recommending  a  man  for  a  job  reached  the  mine, 
the  position  had  been  filled  by  someone  on  the  site. 
Consequently  the  Joint  Committee  sponsored  the 
idea  of  a  camp  to  be  established  in  the  Rice  Lake 
district,  and  four  men  were  selected  from  the 
unemployed  junior  engineers  to  proceed  to  the 
central  mines  area  and  erect  the  shack.  The  cost 
was  met  by  a  grant  from  the  Association  of  Pro- 
fessional Engineers  of  the  Province  of  Manitoba 
to  the  Joint  Committee,  and  transportatio.i  and 
living  expenses  were  advanced  to  the  four  engineers 
selected,  with  the  understanding  that  refunds 
should  be  made  by  them  in  instalments  if  and  when 
they  secured  employment. 

It  is  part  of  the  plan  that  should  permanent 
employment  be  obtained  by  the  engineers  in  the 
camp,  other  unemployed  engineers  will  be  sent  up. 
Provisions  will  thus  be  provided  for  four  unem- 
ployed men  at  the  camp  during  the  entire  sunmier. 
The  camp  was  opened  in  April  of  this  year  and  it  is 
hoped  that  several  men  will  be  placed  as  the  busy 
season  in  the  mines  opens  up. 


ELECTRICAL  AND  RADIO  ENGINEER,  b.sc.  '30. 
Variously  engaged  on  receiver  development  work,  test- 
ing, and  transformer  development,  under  direction. 
More  recent  experience  includes  transmitter  test  room 
procedure  and  short  wave  beam  transmission  engineer- 
ing.    For  further  information  apply  to  Box  No.  680-W. 

DIESEL  ENGINEER.  Erection  and  industrial  engineer, 
A.M.E.I.C.,  technically  trained  mechanical  engineer 
with  English  and  Canadian  experience  in  erection  and 
operation  of  steam  and  Diesel  equipment  in  power 
house  and  mines,  pumping,  rock  drilling,  air  com- 
pressors. Experienced  in  industrial  and  steel  works 
operations  including  rolling  mills,  quarries,  sales.  Open 
for  position  on  maintenance,  operation  or  sales  engineer. 
Location  immaterial.    Apply  to  Box  No.  682-W. 

MECHANICAL  AND  STRUCTURAL  ENGINEER. 
Six  years  experience  with  prominent  manufacturer, 
designing,  heating  and  power  boilers,  boiler  installations, 
coal  and  ash  handling  equipment.  Good  practical  knowl- 
edge of  steel  plate  work  welding.  Also  wide  experience 
in  designing,  estimating  and  detailing  structural  steel 


MECHANICAL  ENGINEER,  b.sc,  '27,  jr.E.i.c.  Four 
years  maintenance  of  high  speed  Diesel  engine  units, 
200  to  1,300  h.p.  Also  maintenance  of  do.  and  a.c. 
electrical  systems  and  machinery.  Draughting  expe- 
rience. Westinghouse  apprenticeship  course.  Practical 
mechanical  and  electrical  engineer  with  a  special  study 
of  high  speed  Diesel  engine  design,  application  and 
operation.  Location  in  western  or  eastern  Canada 
immaterial.    Apply  to  Box  No.  703-W. 

COMBUSTION  ENGINEER,  k.p.e.,  Manitoba,  a.m.e.i.c. 
Wide  experience  with  all  classes  of  fuels.  Expert  de- 
signer and  draughtsman  on  modern  steam  power  plants. 
Experienced  in  publicity  work.  Well  known  throughout 
the  west.  Location,  Winnipeg  or  the  west.  Available 
at  once.     Apply  to  Box  No.  713-W. 

ELECTRICAL  ENGINEER,  b.sc.  University  of  N.B., 
'31.  Experience  includes  three  months  field  work  with 
Saint  John  Harbour  Reconstruction.  Apply  to  Box  No. 
722-W. 


MECHANICAL  ENGINEER,  age  41,  married.  Eleven 
years  designing  experience  with  project  of  outstanding 
magnitude.  Machinery  layouts,  checking,  estimating 
and  inspecting.  Twelve  years  previous  engineering, 
including  draughting,  machine  shop  and  two  years 
chemical  laboratory.  Highest  references.  Apply  to 
Box  No.  723-W. 

CIVIL  ENGINEER,  b.sc  (Alta.  '31),  s.e.i.c.  Experience 
includes  three  seasons  in  charge  of  survey  party.  Tran- 
sitman  on  railway  maintenance,  and  concrete  bridge 
designing.  Nature  of  work  and  location  immaterial. 
Apply  to  Box  No.  724-W. 

YOUNG  CIVIL  ENGINEER,  b.sc  (Univ.  of  N.B.  '31), 
with  experience  as  rodman  and  checker  on  railroad 
construction,  is  open  for  a  position.  Apply  to  Box  No. 
728-W. 

DESIGNING  ENGINEER,  m.sc  (McGill  Univ.),  d.l.s,, 
a.m.e.i.c.,  p.e.q.  Experience  in  design  and  construction 
of  water  power  plants,  transmission  lines,  field  in- 
vestigations of  storage,  hydraulic  calculations  and 
reports.  Also  paper  mill  construction,  railways,  high- 
ways, and  in  design  and  construction  of  bridges  and 
buildings.  Available  at  once.  Apply  to  Box  No. 
729-W. 

MECHANICAL  ENGINEER,  s.E.i.e..  b.a.sc,  Univ. 
of  B.C.  '30.  Single,  age  24.  Sixteen  months  with  the 
AUis-Chalmers  Mfg.  Co.  as  student  engineer.  Ex- 
perience includes  foundry  production,  erection  and 
operation  of  steam  turbines,  erection  of  hydraulic  ma- 
chinery, and  testing  texropes  and  centrifugal  pumps. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No    73.5-W. 

RADIO  AND  ELECTRICAL  ENGINEER,  b  sc.  '31. 
S.E.I.C,  Age  27,  Experience  in  installation  of  power 
and  lighting  equipment.  Temporary  operator  in  radio 
station;  studio  experience  with  part  time  announcing. 
Two  summers  in  switchboard  and  installation  depart- 
ment of  telephone  company,  eight  months  on  extensive 
survey  layouts.  Interested  in  sales  work  of  electrical 
or  radio  equipment.  Available  on  short  notice.  Location 
immaterial.     Apply  to  Box  No.  740-W. 

CIVIL  ENGINEER,  b.sc  '29,  a.m.e.i.c.  Married.  One 
year  building  construction.  One  year  hydro-electric 
construction  in  South  America,  eighteen  months  resident 
engineer  on  highway  construction,  one  year  on  harbour 
design  and  construction.  Working  knowledge  of  Spanish. 
Apply  to  Box  No.  744-W. 

CIVIL  ENGINEER,  s.e.i.c.,  b.sc  Queen's  Univ.  '29. 
Age  25.  Married.  Three  years  experience  as  con- 
struction supt.  and  estimator  for  contracting  firm. 
Experience  includes  general  building,  bridges,  sewer 
work,  concrete,  boiler  settings,  sand  blasting  of  bridges 
and  spray  painting.  Available  at  once,  .^pply  to  Box 
No,  776-W, 

CIVIL  ENGINEER,  bsc,  '25,  jrEic,  p,e..q,  married. 
Desires  position,  preferably  with  construction  firm 
Experience  includes  railway,  monument  and  mil 
building  construction.  Available  immediately.  Apply 
to  Box  No.  780-W. 

DRAUGHTSM.\N,  experience  in  civil  engineering, 
forestry  engineering,  land  surveying  and  house  con- 
struction.   Good  references.    Apply  to  Box  No.  781-W. 
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ELECTRICAL  AND  SALES  ENGINEER,  s.e.i.c,  grad. 
'28.  Experience  includes  one  year  test  course,  one  year 
switchboard  design  and  two  years  switchboard  and 
switching  equipment  sales  with  large  electrical  manufac- 
turing company.  Three  summers  Pilot  Officer  with 
R.C.A.F.    Available  at  once.    Apply  to  Box  No  788-W. 

PLANT  ENGINEER  or  SUPERINTENDENT,  capable 
of  supervising  all  phases  of  industrial  plant  operation, 
graduate  electrical,  eleven  years  diversified  industrial 
experience  including  test  course,  four  years  on  large 
Quebec  industrial  development,  on  construction  and 
operation,  also  six  years  with  prominent  consulting  firm 
supervising  electrical  and  mechanical  engineering 
projects.    Age  31,  single.     Apply  to  Box  No.  795-W. 

CIVIL  ENGINEER,  s.e.i.c,  graduate  '30,  age  23,  single. 
Experience  includes  mining  surveys,  assistant  on  high- 
way location  and  construction,  and  assistant  on  large 
construction  work.  Steel  and  concrete  layout  and 
design.     Apply  to  Box  No.  809-W. 

CIVIL  ENGINEER,  b.e.  (,Sask.  Univ.  '32),  s.e.i.c. 
Single.  Experience  in  city  street  improvement;  sewer 
and  water  extensions.  Good  draughtsman.  References. 
Available  at  once.  Location  immaterial.  Apply  to  Box 
No.  81S-W. 

CIVIL  ENGINEER,  b.a.sc,  d.l.s.,  o.l.s.,  a.. me. i.e., 
age  46,  married.  Twelve  years  experience  in  charge  of 
legal  field  surveys.  Owns  own  surveying  equipment. 
Eight  years  on  technical,  administrative,  and  editorial 
office  work.  Experienced  in  writing.  Desires  position 
on  survey  work,  assisting  in  or  in  charge  of  preparation 
of  house  organ,  on  staff  of  technical  or  semi-technioal 
magazine,  or  on  publicity,  editorial  or  administrative 
ofiBcework.  Available  at  once.  Willconsider  any  salary, 
and  any  location.     Apply  to  Box  No.  831-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc.  '32  (Univ.  of  N.B.). 
Age  25.  Married.  Two  years  experience  in  power  line 
construction  and  maintenance;  one  year  of  highway 
construction;  one  summer  surveying  for  power  plant 
site,  location  and  spur  railway  line  construction.  Avail- 
able at  once.  Location  immaterial.  Apply  to  Box 
No.  840-W. 

CIVIL  ENGINEER,  b.sc.  '15,  a. me. i.e.,  married,  exten- 
sive experience  in  responsible  position  on  railway  con- 
struction, also  highways,  bridges  and  water  supplies. 
Position  desired  as  engineer  or  superintendent.  Avail- 
able at  once.     Apply  to  Box  No.  841-W. 

STRUCTURAL  ENGINEER,  b.a.sc,  a.m.e.i.c.  Twenty- 
two  years  experience  in  design  of  bridges  and  all  types 
of  buildings  in  structural  steel  and  reinforced  concrete. 
Three  years  experience  in  railway  construction  and 
land  surveying.    Apply  to  Box  No.  856-W. 

MECHANICAL  ENGINEER,  b.sc.  '32,  s.e.i.c  Good 
draughtsman.  Undergraduate  experience:— One  year 
moulding  shop  practice;  two  years  pipe  fitting  and  sheet 
metal  work;  one  year  draughting  and  tracing  on  paper 
mill  layout;  six  months  machine  shop  practice;  and 
eight  months  fuel  investigation  and  power  heating 
plant  testing.  Desires  position  offering  experience  in 
steam  power  plants  or  heating  and  ventilating  design. 
Will  go  anywhere.    Apply  to  Box  No.  858-W. 

.MECHANICAL  ENGINEER,  age  31,  graduate  Sheffield 
(England)  1921;  apprenticeship  with  firm  manufacturing 
ateam  turbine  generators  and  auxiliaries  and  subsequent 
experience  in  design,  erection,  operation  and  inspection 
of  same.  Marine  experience  b.o.t.  certificate  thoroughly 
conversant  with  Canadian  plants  and  equipment.  Avail- 
able on  short  notice.     Any  location.     Box  No.  860-W. 

CHEMICAL  ENGINEER,  b.sc.  (McGiir21),  a.m.e.i.c, 
age  36,  married;  three  years  since  graduation  with  pulp 
and  paper  mills;  eight  years  in  shops,  estimating  and 
sales  divisions  of  well-known  gas  engineering  and  con- 
struction companies  in  the  United  States.  Excellent 
references.  Available  on  short  notice.  Apply  to  Box 
No.  866-W. 

CONSTRUCTION  ENGINEER  (Toronto  Univ.  of  '07). 
Experience  includes  hydro-electric,  municipal  and  rail- 
road work.  Available  immediately.  Location  imma- 
terial.    Apply  to  Box  No.  886-W. 

ELECTRICAL  ENGINEER,  graduate  1929,  s.e.i.c. 
Single.  Experience  includes  two  years  with  electrical 
manufacturing  concern  and  one  on  highway  construction 
work.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  887-W. 

AGENCIES  WANTED.  Young  engineer,  b.a.sc.  in  c.e., 
with  business  and  sales  experiences,  speaking  fluent 
French,  would  consider  representing  a  firm  as  agent 
for  Montreal  or  the  province  of  Quebec.  Apply  to  Box 
No.  891-W. 

ELECTRICAL  ENGINEER,  grad.  Univ.  of  N.B.  '31. 
Experienced  in  surveying  and  draughting,  requires 
position.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  893-W. 

CIVIL  ENGINEER,  b.a.sc,  jr.E.i.c,  age  29,  single. 
Experience  includes  two  years  in  pulp  mill  as  draughts- 
man and  designer  on  additions,  maintenance  and  plant 
layout.  Three  and  a  half  years  in  the  Toronto  Buildings 
Department   checking   steel,   reinforced    concrete,    and 
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architectural  plans.  Available  at  once.  Location  im- 
material. At  present  in  Toronto.  Apply  to  Box  No. 
899-W. 

DESIGNING  ENGINEER,  a.m.e.i.c  Permanent  and 
executive  position  preferred  but  not  essential.  Fifteen 
years  experience  in  designing  power  plants,  engine 
and  fan  rooms,  kitchens  and  laundries.  Thoroughly 
familiar  with  plumbing  and  ventilating  work,  pneu- 
matic tubes,  and  refrigeration,  also  heating,  electrical 
work,  and  specifications.     Apply  to  Box   No.   913-W. 

CIVIL  ENGINEER,  b,sc.,  o.p.e.  Experience  includes 
several  years  on  municipal  work-design  and  construction 
of  sewers,  steel  and  concrete  bridges,  watermains  and 
pavements.  Available  at  once.  Apply  to  Box  No. 
950-W. 

CIVIL  ENGINEER,  b.sc  (Univ.  of  Sask.  '33),  s.e.i.c. 
age  28,  single.  Experience  in  testing  hydro-electric 
equipment,  draughting,  surveying,  city  street  improve- 
ments, technical  photography.  Available  at  once.  Lo- 
cation immaterial.    Apply  to  Box  No.  986-W. 

ELECTRICAL  ENGINEER,  s.e.i.c,  b.sc,  (N.S.  Tech. 
Col  1. ,  '33) .  desires  work.  Experience  in  transmission  line 
construction.  Location  or  class  of  work  immaterial. 
Apply  to  Box  No.  1010-W. 

ENGINEER  SUPERINTENDENT,  age  44.  Engineering 
and  business  training,  executive  ability,  tactful,  ener- 
getic. Had  charge  of  several  large  projects.  Intimate 
knowledge  of  costs  and  prices,  reports  and  estimates. 
Available  immediately.  Any  location.  Apply  to  Box 
No.  1021-W. 

CIVIL  ENGINEER,  b.sc.  (Queen's,  '14),  a.m.e.i.c,  Do- 
minion Land  Surveyor,  5  months  special  course  at  the 
University  of  London,  England,  in  municipal  hygiene 
and  reinforced  concrete  construction.  Experience 
covers  legal  and  topographic  surveys,  plane  tabling  and 
stadia  surveying,  railway  and  highway  construction, 
drainage  and  excavation  work.  Available  at  once. 
Apply  to  Box  No.   1035-W. 

ELECTRICAL  ENGINEER  AND  GEOPHYSICIST. 
Age  36.  Married.  Seven  years  experience  in  geophysi- 
cal exploration  using  seismic,  magnetic  and  electrical 
methods.  Two  years  experience  with  the  Western 
Electric  Company  of  Chicago,  working  on  equipment 
and  magnetic  materials  research.  Experienced  in  radio 
and  telephone  work,  also  specializing  in  precise  electrical 
measurements,  resistance  determinations,  ground  po- 
tentials and  similar  problems  of  ground  current  dis- 
tribution.    Apply  to  Box  No.  1063-W. 

ELECTRICAL  ENGINEER,  b.a.sc.  Univ.  Toronto  '28. 
Experience  includes  Can.  Gen.  Elec.  Co.  Test  Course. 
Also  more  than  two  years  in  the  engineering  dept.  of 
the  same  company.  Available  on  short  notice.  Pre- 
ferred location  central  or  eastern  Canada.  Apply  to 
Box  No.  1075-W. 

ELECTRICAL  ENGINEER,  b.sc  Married.  Eight 
years  electrical  experience,  including  operation,  main- 
tenance and  construction  work,  electrical  design  work 
on  large  power  development,  mechanical  ability,  ex- 
perienced photographer,  employed  in  electrical  capacity 
at  present.  Available  on  reasonable  notice.  Apply  to 
Box  No.  1076-W. 

GRADUATE  IN  MECHANICAL  ENGINEERING, 
1927,  desires  opportunity  in  Diesel  engine  field,  pre- 
ferably in  design  and  development  work.  Skilled 
draughtsman  and  clever  in  design.  Familiar  with  basic 
theories  of  the  Diesel  engine  and  in  touch  with  recent 
developments  and  applications.  Anxious  to  obtain  a 
foothold  with  up-to-date  company.  No  objection  to 
shopwork  or  other  duties  as  a  start  but  would  prefer 
shopwork  and  assembly  if  possible.  Apply  to  Box  No. 
1081-W. 

CIVIL  ENGINEER,  b.sc,  Sask.  '30.  s.e.i.c.  Age  24 
years.  Experience  in  municipal  engineering,  including 
sewer  and  water  construction,  sidewalk  construction, 
paving,  storm  sewer  design,  draughting,  precise  levelling, 
and  reinforced  concrete  bridge  construction.  Unmar- 
ried. Available  at  once.  Will  go  anywhere.  Apply  to 
Box  No.  1115-W. 

ELECTRICAL  ENGINEER,  b.sce.e.  (Univ.  of  N.B. 
'31).  C.G.E.  Test  Course  included  industrial  control, 
induction  motors  and  transformers;  the  transformer 
test  included  desk  work  for  two  months  on  computing 
losses,  efficiencies,  etc.  Available  at  once.  Apply  to 
Box  No.  1119-W. 

MECHANICAL  ENGINEER,  b.a.sc  (Univ.  of  B.C.  '29); 
M.S.  Age  27.  Single.  Four  years  experience  in  research 
work  in  applied  mechanics  and  materials  testing.  Desires 
position  involving  analytical  work  in  design,  develop- 
ment or  testing.  Available  on  short  notice.  Apply  to 
Box  No.  1023-W. 

GEODETIC  AND  TOPOGRAPHICAL  ENGINEER, 
D.L.S. ,  M.E.I. c  Experience  in  all  kinds  of  geodetic  and 
topographical  surveys,  especially  photo-topography, 
well  versed  in  all  kinds  of  air  photo  surveys;  Canadian 
and  U.S.  patent  method  of  determining  position  and 
elevations  of  points  from  air  photographs.  Available 
at  once  anywhere  in  Canada  or  the  United  States. 
Apply  to  Box.  No.  1127-W. 
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PETROLEUM  CHEMIST,  b.sc  in  Chera.  Eng.  A^e  28. 
Single.  One  and  a  half  years  experience  as  assistant 
chemist.  Capable  of  taking  charge  in  small  refinery. 
Wishes  position  anywhere  in  Canada.  Apply  to  Box 
No.  1130-W. 

ELECTRICAL  ENGINEER,  b.sc.  Queen's  '33.  Single, 
age  23.  Anxious  to  gain  experience.  Present  ex- 
perience installing  small  private  hydro-electric  plant. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  1137-W. 

CIVIL  ENGINEER,  a,m.e.i.c,,  with  over  twenty  years 
experience  in  field  and  office  on  construction,  main- 
tenance, surveying,  location,  etc.,  desires  position  pre- 
ferably of  a  permanent  nature.  At  present  near  Mont^ 
real,  but  willing  to  locate  anywhere.  Apply  to  Box 
No.  1168-W. 

CIVIL  ENGINEER,  b.a.sc,  s.ei.c,  age  26,  single. 
Experience  includes  one  year  in  bridge  construction, 
plain  and  reinforced  concrete,  pneumatic  caissons  and 
surveying.  Available  at  once.  Any  location.  Apply  to 
Box  No.  1204-W. 

PHYSICIST  ENGINEER,  BSc  Mech.  (Queen's  1913), 
M.Sc,  Ph,D.Physics  (McGill  1929,  '30).  Experience  in 
municipal  engineering,  producer  gas  installation  and 
operation,  university  plant  maintenance.  Experienced 
teacher  of  college  physics.  Industrial  and  pure  physical 
research  experience.  Age  42,  Married.  Apply  to  Box 
No.  1207-W. 

MECHANICAL  ENGINEER,  bsc  (Queen's  Univ.  '28), 
age  36,  married,  desires  position  of  trust  and  responsi- 
bility. Experience  includes  fitting  and  assembly  of 
machine  tools, production,  draughting,  and  maintenance. 
Five  years  teaching  draughting  and  mathematics.  Avail- 
able on  reasonable  notice.  Location  immaterial.  Apply 
to  Box  No,  1210-W. 

CIVIL  ENGINEER,  b.a.,  b.asc,  se.ic,,  Canadian,  age 
27,  single.  Experience  includes  eighteen  months  in 
general  building  construction.  Writes  and  speaks  both 
French  and  English  fluently.  Available  at  once  for  any 
suitable  position  in  general  engineering.  Apply  to  Box 
No.  1211-W. 

CIVIL  ENGINEER,  b.8C.  '34  (Univ.  of  N.B.),  age  24. 
Experience  includes  construction  and  highway  engi- 
neering. Desires  position  with  contracting  or  manufac- 
turing firm.  Interested  in  design.  References.  Will 
consider  any  location.    Apply  to  Box  No.  1214-W. 

COMBUSTION  ENGINEER,  a.m.e.i,c.  with  extensive 
experience  in  all  phases  of  combustion  engineering, 
including  plant  layout,  piping,  etc.  Lately  connected 
with  prominent  firm  of  automatic  oil  burner  manufac- 
turers.    Apply  to  Box  No.  1224-W. 

ENGINEER,  with  twenty  years  experience  in  industrial, 
pulp  and  paper  mill,  and  general  engineering  and  design. 
Age  41.  Last  five  years  chief  engineer  of  paper  mill  mak- 
ing newsprint  specialties  and  toilet  tissues.  Apply  to 
Box  No,  1246-W. 

CIVIL  ENGINEER,  b,8c.  '29,  jr.E.rc,  age  29,  single. 
Experience  in  all  types  of  surveying  including  use  of 
aerial  photographs.  Three  years  on  hydro-electric 
power  development  in  field  and  office,  Instrumentman 
on  concrete  road  construction.  Location  immaterial. 
Apply  to  Box  No.  1254-W. 

ELECTRICAL  ENGINEER,  bsc  '34  (Univ.  of  N,B,), 
8.E,i,c,  Age  21,  single.  Desires  any  kind  of  electrical 
work.  Will  consider  any  location.  Apply  to  Box  No, 
1262-W. 

CIVIL  ENGINEER,  Univ.  Toronto  '33,  age  24,  married. 
One  year  as  instrumentman  with  provincial  department 
of  highways.  Experience  in  concrete  and  retread  con- 
struction grading,  culverts,  etc.  Also  draughting, 
estimating  and  general  office  practice.  Apply  to  Box 
No,  1265-W. 

MECHANICAL  ENGINEER,  b,8c.  (Queen's  Univ,  '29), 
Age  28.  Six  years  experience  in  automobile  office  and 
plant;  two  years  as  supervisor  of  inspection  in  body 
assembly.  Good  understanding  of  modern  business 
methods  applied  to  manufacturing.  Desires  position 
with  production  department  of  smaller  Ontario  industry. 
Good  references.  Interviews  anywhere  in  central  Ontario. 
Apply  to  Box  No.  1270-W. 

ELECTRICAL  GRADUATE,  s.e  i.e.,  b.so.  '32,  m.sc.  '34. 
Experience  includes  four  years  as  part  time  operator 
and  announcer  for  a  radio  broadcast  station.  At  present 
employed  in  radio  repair  dept.  of  a  large  wholesale  firm 
Apply  to  Box  No.  1283-W. 

ELECTRICAL  ENGINEER,  b.sc,  e.e,,  a.m.e.i,c.  Univer- 
sity of  Manitoba  '28.  Age  32.  Married.  Experience 
one  year  power  line  construction,  five  years  resident  and 
assistant  district  engineer  on  highway  construction;  two 
years  highway  traffic  regulation  in  charge  of  district 
office.  Good  connections  in  Manitoba  and  Saskatche- 
wan. Excellent  references.  Available  at  once  and  will 
go  anywhere.  Located  in  Winnipeg.  Apply  to  Box 
No.  1316-W. 
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Design  of  Continuous  Reinforced  Concrete  Arches  by  the 

Fixed  Point  Method 

For  the  Cathedral,  at  Valleyfield,  Que. 

E.  Nenniger,  A.M.E.I.C, 
Associate,  Arthur  Surveyer  and  Co.,  Consulting  Engineers,  Montreal. 

Part  I* 

SUMMARY. — This  paper  explains  the  general  theory  of  the  fixed  point  method  and  gives  In  detail  an  actual  application  of  the  method  for  the  design 
of  the  reinforced  concrete  arches  of  the  Cathedral  at  Valleyfield,  Que. 


On  September  22nd,  1933,  a  fire  destroyed  the  St. 
Cecije  Cathedral  at  Valleyfield.  As  the  structure  had  to 
be  considered  a  total  loss  and  as  the  loss  was  satisfactorily 
covered  by  insurance,  the  owners,  "La  Corporation  Epis- 
copale  C.  R.  de  Valleyfield,'  decided  to  rebuild  the  Cathe- 
dral entirely  and  to  adopt  a  type  of  construction  which 
would  be  as  fireproof  as  possible. 

This  article  is  intended  to  illustrate  the  application  of 
what  is  known  as  the  "fixed  point  method"  in  the  statical 
analysis  of  a  continuous  reinforced  concrete  frame  which  is 
statically  indeterminate  in  the  sixth  degree.  Although  the 
above-mentioned  method  of  computing  continuous  elastic 
frames  is  not  new  and  is  rather  commonly  used  by  the 
European  designing  engineer,  it  is  amazing  how  little  has 
been  written  on  this  subject  in  Canadian  or  American 
ergineering  periodicals.  With  the  exception  of  Hardy 
Cross's  paper  and  the  subsequent  discussions  which  appeared 
ir  the  proceedings  of  the  American  Society  of  Civil  Engineers, 
little  has  been  published  which  would  give  the  student  m 
structural  engineering  a  method  of  statical  analysis  which 
would  eliminate,  at  least  to  some  extent,  the  need  of  apply- 
ing the  principle  of  least  work,  the  theory  of  elasticity  or 
Mohrs'  principle  of  elastic  deformations.  It  is,  therefore, 
understandable  why  the  average  engineer  shuns  calculating 
anything  but  the  most  elementary  elastic  deformation  by 
the  above  methods  unless  he  is  a  wizard  in  higher  mathe- 
rratics.  It  is  the  writer's  hope,  therefore,  that  this  article 
will  prove  to  be  of  interest  from  a  designer's  point  of  view 
and  will  start  a  discussion  which  is  always  valuable  to  the 
student  who  specializes  in  this  particular  line  of  engineering. 

As  already  pointed  out  above,  the  chief  object  of  the 
design  was  primarily  to  achieve  structural  economy.  This 
object  was  obtained  by  the  selection  of  the  materials  of  the 
structure  best  adapted  to  the  specific  requirements  and  by 
saving  no  efforts  in  analyzing  the  various  highly  statically 
indeterminate  frames  in  order  to  secure  maximum  effi- 
ciency of  the  materials  chosen.  In  other  words,  no  hinges 
were  assumed  or  inserted  to  simplify  the  calculations, 
unless  an  actual  saving  in  construction  cost  was  the  result. 

The  choice  of  materials  to  be  used  was  rather  limited, 
on  account  of  the  fact  that  an  absolutely  fireproof  construc- 
tion was  specified.  The  following  types  of  construction 
were,  therefore,  considered: — 

(a)   Structural  steel  fireproof  ed  with  concrete  and  gunite. 

(6)    Reinforced  concrete. 

*Part  II  to  appear  in  September  issue  of  The  Journal. 


The  preliminary  cost  analysis  revealed  the  fact  that 
structural  steel  would  necessitate  a  larger  space  in  the  roof 
section  than  the  architect  was  ready  to  allow  for  the  sup- 
porting structure.  Even  if  the  architect  would  have  been 
ready  to  make  such  a  concession  as  to  raise  the  roof  to  a 
higher  level,  the  additional  cost  of  the  outside  walls  to- 
gether with  the  extra  cost  of  the  suspended  vaulting  would 
make  this  type  of  construction  economically  impossible. 

It  was,  therefore,  decided  to  execute  the  structure  of 
the  cathedral  in  reinforced  concrete. 

In  order  to  eliminate  a  lengthy  description  of  the 
layout  of  the  church,  the  general  plan  of  the  ground  floor  as 
well  as  a  typical  cross-section  are  shown  in  the  accom- 
panying figure  which  is  self-explanatory. 

The  standard  frame,  the  general  dimensions  of  which 
are  shown  in  Fig.  15  and  the  detailed  stress  analysis  of 
which  is  given  in  this  article,  was  adopted  after  a  com- 
parison of  various  rigid  frames.  Two  of  these  alternative 
frames  are  shown  in  Figs,  la  to  lb  which  were  analyzed  to 
obtain  the  most  economical  solution. 

Such  a  preliminary  study  can  best  be  made  by  using 
the  formulae  of  Professor  Dr.  Ing.  A.  Kleinlogel,  which  he 
pubHshed  in  his  book  "Mehrstielige  Rahmen."  With  the 
help  of  these  formulae,  it  was  possible  to  obtain  first  of  all 
in  a  very  short  time  the  preliminary  dimensions  of  the 
different  members  of  the  frame,  and  it  enables  also  the 
designer  to  obtain  a  fairly  good  picture  of  the  economical 
advantages  of  one  frame  over  another. 

The  type  of  frame  as  shown  in  Fig.  lb  was  found  to  be 
superior  as  far  as  the  cost  of  the  construction  is  concerned. 
In  addition  to  this,  the  depth  of  the  centre  beam  on  the 
ground  floor  slab  could  be  reduced  considerably,  thus 
meeting  with  the  wishes  of  the  architect,  as  the  head  room 
for  the  community  hall  in  the  basement  was  rather  restricted. 

Other  advantages  were  derived  by  the  elimination  of 
the  outside  wall  columns,  such  as: — 

(a)  The  ground  floor  brackets  supported  on  the  inner 
column  and  reaching  to  the  outside  wall  tend  to  reduce  the 
large  negative  bending  moment  at  the  head  of  the  basement 
column  and  also  help  to  reduce  the  positive  bending 
moment  of  the  centre  beam. 

(6)  In  case  of  an  uneven  settlement  of  the  footings 
supporting  the  two  main  columns,  the  extra  moments  due 
to  such  settlements  are  reduced  to  a  very  great  extent,  due 
to  the  fact  that  all  exterior  walls  are  independent  of  the 
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frame  and  ran  move  in  a  perpendicular  direction  without 
producing  any  additional  stresses  in  the  frame.  The  joint 
between  walls  and  brackets  are  so  arranged  that  only 
horizontal  forces  such  as  wind  loads  will  be  transmitted 
upon  the  frame. 

The  final  stress  analysis  of  the  rigid  frame  which  was 
found  to  be  the  most  economical  was  made  according  to  the 
fixed  point  method  originally  developed  by  Professor  Dr. 
Wilhelm  Ritter,  and  which  was  presented  in  a  more  useful 


r 


^=^F=^ 


^-n 


rRAKia 


rmp. 


Schematic  Sketch  of  Church  Framing. 

form  for  the  practising  engineer  by  Dr.  Ing.  Ernst  Suter, 
who  extended  the  method,  so  that  the  principle  can  also 
be  applied  to  continuous  arches  as  well.  (See  "Methode  der 
Festpunkte"  by  Dr.  Ing.  Ernst  Suter.)  The  method 
enables  the  designer  to  analyze  in  a  clear  and  simple  way 
any  statically  indetermmate  structure  composed  of  arches, 
beams  and  columns  joined  monolithically  together  at  any 
angle.  Among  the  many  advantages  of  this  method  over 
an  analytical  stress  analysis,  afe  the  following: — 

(a)    All  complicated  formulae  are  eliminated. 

(6)  The  procedure  of  the  analysis  can  be  followed 
graphically  and  the  calculations  can  easily  be  checked  at 
any  time  during  the  analysis.  It  is,  therefore,  not  necessary 
to  complete  the  entire  analysis  before  a  check  can  be  made 
of  the  result. 

(c)  The  fixed  point  method  is  shorter  than  any  analy- 
tical method  when  highly  statically  indeterminate  structures 
with  variable  moments  of  inertia,  have  to  be  analyzed, 
especially  if  a  great  number  of  various  loads  have  to  be 
considered,  in  order  to  obtain  the  possible  maximum 
stresses  at  any  point  of  the  frame. 

Although  it  would  be  quite  possible  with  the  help  of 
the  theory  of  virtual  displacements,  method  of  least  work, 
or  the  general  theory  of  elasticity,  to  write  down  the  six 
equations  necessary  for  every  type  of  loading  applied  to  the 
frame  in  question,  the  time  required  to  do  all  this  mathemat- 
ical work  would  be  impossible,  economically  and  practical- 
ly, as  slide  rule  calculations  would  not  be  accurate  enough. 

The  fixed  point  method  also  makes  available  without 
much  extra  work  certain  information  about  a  given  frame 
such  as: — 

1.  The  extent  to  which  the  moments  are  affected  due 
to  a  partial  or  total  restraining  effect  of  the  ground  floor 
slab  to  prevent  the  horizontal  displacement  of  the  joints,  or 
what  is  known  as  side-sway. 

2.  The  extent  to  which  the  moments  are  affected  due 
to  an  assumed  uneven  settlement  of  the  foundation  of  the 
frame. 


The  theory  of  fixed  points. 

The  method  is  based  generally  on  Mohr's  principle, 
namely,  that  the  angular  deformations  of  elastic  Iftes  at 
supports  are  equal  to  the  reactions  of  the  member,  loaded 
by  its  moment  area  divided  by  the  product  of  the  moment 
of  inertia  times  the  coefficient  of  elasticity  of  the  material 
of  which  the  member  consists. 

The  analysis  is  divided  into  two  stages. 

Stage  I  deals  with  the  determination  of  the  moments 
and  shear  diagrams,  under  the  assumption  that  the  joints 
of  the  frame  cannot  sway-sideways,  in  other  words,  tem- 
porary imaginary  supporting  forces  are  applied  at  any 
joint  which  would  ordinarily  move  sideways.  These 
imaginary  supports  are  called  by  Suter  "holding  forces." 
(See  Fig.  2a  to  2c.) 

Stage  II  deals  with  the  determination  of  the  moments 
and  shears  due  to  the  I'emoval  of  the  holding  forces.  These 
moments  and  shears  can  easily  be  obtained  by  loading  the 
frame  with  each  of  the  holding  forces  in  the  opposite 
direction  in  wh'ch  they  act  as  supports.  (See  Fig.  2b.)  The 
magnitude  of  the  holding  forces  is  already  known  from  the 
analysis  of  the  frame  in  Stage  I. 

When  both  calculations  under  Stage  I  and  Stage  II 
are  finished,  the  results  are  superimposed  to  obtain  the 
final  result  of  moments  and  shears.     (See  Fig.  2.) 

To  obtain  the  moments  for  both  Stages  I  and  II,  the 
location  of  the  fixed  points  have  to  be  determined  first. 
But  before  going  any  further,  an  explanation  seems  to  be 
in  order  as  to  what  exactly  the  so-called  fixed  point  is, 
and  what  can  be  done  with  it. 

Fixed  point  is  called  the  zero  moment  point,  when 
the  end  of  a  restrained  beam  (assumed  to  be  without  dead 
weight)  is  caused  to  rotate  to  a  certain  angle.    (See  Fig.  3.) 


Fif.  1. 


Fig.  2. 

Thus,  if  the  right  end  of  the  beam  is  angularly  turned,  we 
determine  the  left  fixed  point,  and  if  we  turn  the  left  end 
of  the  beam,  the  right  fixed  point  is  obtained.  The  moment 
line  is,  in  both  cases,  a  straight  line,  and  intersects  the 
axis  of  the  beam  at  the  fixed  point. 

There  are  always  two  fixed  points  to  each  member  of 
a  frame,  provided  both  ends  are  restrained  by  adjacent 
members,  or  by  the  characteristics  of  the  support.  If  one 
end  of  a  member  has  a  hinged  support,  the  fixed  point  is 
located  at  the  support  itself,  the  distance  from  support  to 
fixed  point  becomes,  therefore,  zero. 
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The  formula  for  the  diptance  of  the  fixed  points  from 
the  support  of  the  member  of  the  frame  takes  the  following; 
into  consideration: — 

(a)  The  elastic  defornation  of  the  member  itself  due 
to  the  rotating;  moment  applied  at  the  support.  In  this 
case,  the  modulus  of  elasticity  of  the  matei'ial  of  the  frame 
is  assumed  to  be  uniform. 

(b)  The  elastic  deformation  of  the  su|)iK)rt  opposite 
the  end  where  the  rotating  moment  is  applied. 


® 


M^i. 


l.-a. 


.limmiTmTiTT 


IJ. 


Fig.  3. 

It  can  be  seen  from  the  above  therefore  that  the 
location  of  the  fixed  points  is  solely  dependent  on  the 
relative  stiffness  of  the  member  under  consideration  and 
the  proportional  stiffness  of  the  support,  or  adjacent 
members  of  the  frame.  This  is  one  of  the  main  character- 
istics of  the  fixed  point,  that  no  matter  to  what  kind  of  a 
load  each  member  is  subjected,  the  locations  of  the  fixed 
points  are  not  changed  at  all,  hence  the  name  fixed  point. 

In  order  to  illustrate  the  simplicity  of  the  method  in 
general,  the  procedure  is  shown  in  the  following  example 
and  explained  step  by  step. 

1.  Determine  location  of  fixed  points. 

2.  Determine  the  negative  moments  of  the  loaded  span. 

M4^  and  M^^  solved  by  simple  graphical  method. 

3.  Plot  line  from  support  E  through  fixed  point  K^. 


5. 


Fig.  5. 

Split  moments  Mi^  into  moments  M2^  and  Ma^ (use  carry- 
over coefficients),  draw  a  line  from  D  with  M?^  as 
ordinate  through  J2,  and  continue  from  B,  with  M2* 
as  moment  through  Ji  to  ^. 

Draw  a  line  starting  at  D,  with  Ms^  as  moment  at  the 
head  of  column  3  to  the  foot  C  of  column  3. 

With  all  the  moments  known,  the  shear  diagram  and 
all  reactions  at  points  A,C,  E  and  F  can  be  determined 
with  the  ordinary  laws  of  statics. 


To  obtain  the  few  values  mentioned  in  steps  1  to  4, 
such  as  the  location  of  the  fixed  points,  the  end  moments 
at  the  supports  D  and  E  of  the  loaded  span  and  the  carry- 
over coefficients  with  which  Mi^  has  to  be  multiplied  to 
obtain  M-^'^  and  M.t^,  ready  made  formula;  can  be  applied 
which  have  been  worked  out  by  Hitter,  Strassner  and  Suter. 
The  application  of  these  formula'  will  be  shown  in  detail 
later  when  discussing  the  actual  analysis  of  the  church 
frame. 

In  case  one  member  of  the  frame  shown  in  Fig.  4  has 
not  a  straight  axis,  the  procedure  would  be  exactly  the 
same  as  before,  except  that  the  final  moment  of  the  arch 
would  have  to  be  corrected,  by  deducting  the  value  of  the 
product  of  the  horizontal  thrust  multiplied  by  the  height 
of  the  arch  axis  a))ove  the  base  line  of  arch     (See  Fig.  5.) 

A  temporary  holding  force  would  have  to  be  assumed 
at  point  B  or  D  (it  is  immaterial  which),  to  prevent  the 
joii  ts  B  and  D  from  swaying  sideways.     The  extra  moments 


Fig.  6. 

due  to  the  release  of  point  B  would  then  have  to  be  de- 
termined in  the  manner  as  explained  previously.  (Stage 
II.) 

The  following  calculations  give  a  detailed  analysis  of 
the  standard  frame  of  the  Valleyfield  Cathedral.  Most  of 
the  calculations  are  illustrated,  so  as  to  make  it  easy  to 
follow  the  application  of  the  m.ethod  adopted. 

Determination  of  fixed  points. 

The  general  formula  for  the  distance  a  and  b  of  the 
fixed  points  J  and  K  respectively  is  as  follows: — 
/i  X  181  ^  h  X  01 


«! 


bi  = 


ai**  +  €/ 


«i"  +  €1" 
for  notations  used  see  Fig.  0. 

1 1  =  length  of  span  in  feet  of  member  1 . 
01  =  angular  deformation  of  member  1  at  support  B, 
due  to  an  external  moment  M  =  1   foot-pound 
applied  at  support  A. 

{Note.  The  value  of  /3  at  the  support  A,  in  case 
ilf  =  1  foot-pound  is  applied  at  support  B,  is  the 
same  according  to  Maxwell's  theorem  of  recip- 
rocal displacements.) 
«!"=  angular  deformation  of  member  1  at  support  A 
due  to  M  =  1  foot-pound  applied  at  both  sup- 
ports. 

(Note,  ai^  has  not  the  same  value  as  a  1°  if  the 
moment  of  inertia  of  the  member  is  not  uniform 
throughout.) 
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€i"=  angular  deformation  of  ths  elastic  support  A  due 
to  a  unit  moment  M  =  1  foot-pound  applied  at 
the  support  A. 
The  latter  angle  varies  between  zero,  in  case  of  full  restraint, 
and  infinity  in  case  of  no  restraint.  In  the  first  case,  the 
distance  «]  becomes  1/3  of  the  span  if  the  moment  of  inertia 
of  the  member  is  uniform  and  in  the  second  case  a\  =  zero. 


With  the  help  of  the  above  indicated  angles  of  de- 
formation T,  the  carry  over  coefficients  fi  are  obtained. 

In  the  case  shown  in  Fig.  8,  the  bending  moment 
Mi^  =  P  X  a  is  divided  into  the  moments  Mi^,  M2*  and 
Ms^.  These  moments  are  all  smaller  than  Mi^.  The  carry- 
over coefficients  /^  with  which  we  want  to  multiply  the 
moment  Mi^  to  obtain  the  three  moments  Mi^,  Mi^  and 
Ms^  are,  therefore,  all  smaller  than  1  and  the  sum  of  three 
must  be  =  1. 

MiB  =  M,B  X  "^^  =  M,B  X  M^4-i 

(The  subscript  of  n  denotes  the  carry-over  coefficient  at 
joint  B  with  which  the  moment  of  the  member  4  at  5  has 
to  be  multiplied  to  obtain  the  moment  of  member  1  at 
joint  B.) 


M^B  =  MiB  X 


MzB    =    M,B    X 


T2^ 


T3^ 


=    M,B    X   M4-2 
=   M^B    X   ;X4_3 


The  values  n  are  therefore 


M*4-l    = 


Fig.  7. 


Fig.  8. 


T°l-2-3 
T,B 


The  value  €<^  at  joint  B  of  member  1  is  equal  to  the 
combined  angular  deformation  of  the  members  2  and  3  due 
to  a  moment  M  =  1  foot-pound  applied  at  B.  (See  Fig.  7.) 
This  angle  is  expressed  thus: 

€\B  =  T-B2-3  =  -j r 

—  +  — 

TiB  T3B 

In  this  case,  member  1  is  assumed  removed.  The  angle 
T-S2-3  is  derived  as  follows: — 

The  moment  MiB  at  the  head  of  the  column  1  produces 
an  angular  displacement  of  both  ends  of  the  members  2  and  3 
at  joint  B,  and  consequently  the  two  rotating  moments 
M2B  and  Ma^.  As  the  original  angle  between  members  1, 
2  and  3  remains  unchanged,  we  can  write : 

(a)         MiB  X  TB2.3  =  M2B  X  T2^ 

(6)  MiB   X   T^2-3    =    MzB   X   T3B 

We  know  also  that 
(c)  MiB  =  M^B  +  M3B 

therefore 


(d)        M^B  =  MiB  X 


(e) 


M3B  =  MiB  X 


T'°2-3 
T2^ 


T"2-3 
T3B 


and  by  entering  the  values  d  and  e  in  equation  c  we  obtain 


MiB  =  MiB  X  -^  +  MiB  X 


Ti^ 


or,  MiB  =  MiB  X  7^2-3  [^  +  ^^] 

by  eliminating  Mi*  we  obtain 

I 

=    6,5 


1 


T2" 

as  indicated  above. 

In  a  similar  way  value  t^B  can  be  expressed: 

1 


€2^ 


T*l-3    = 


and 


1 

J-   +    1 


T2" 
T*l-2-3 


1-3^ 


A  moment  of  member  1  at  joint  B  to  be  carried  over 
to  the  members  2  and  3  would  have  to  be  multiplied  by: 

MiB  X  M^l-2   =  M^B 
MiB   X  M^l-3   =   M3B 

in  which 


M^l-2   = 


M^l-3   = 


T2-° 
t52-3 


Ts-' 


Thus  we  obtain  in  a  similar  manner  for  a  moment  of  beam 
2  at  joint  B  to  be  carried  over  to  column  1  and  arch  3 

tB  i-3 


Fig.  9. 

and  for  a  moment  to  be  carried  over  from  the  arch  3  at  joint 
B  to  member  1  and  2 


7-1^ 
M^3-2    =   T* 


T^l-2 
T2^ 
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It  can  be  seen  that  altogether  three  angular  displace- 
ments of  each  end  of  every  member  in  the  frame  have  to  be 
determined  in  order  to  obtain  the  location  of  the  fixed  points 
J  and  K  of  each  member.  These  angular  displacements  are 
cfi  or  a*  (in  case  of  unsymmetrical  members),  /3  and  €<»  or  e*" 
which  latter  angle  is  a  combination  of  the  angles  r.  As  the 
frame  to  be  analyzed  is  a  so-called  closed  frame,  the  pro- 
cedure to  obtain  the  location  of  the  fixed  points  is  as 
follows  (see  Fig.  9):^ 

Start  at  the  foot  of  column  1  and  obtain  a\  by  estimat- 
ing the  degree  of  restraint  the  spread  footing  will  exert  on 
the  foot  of  the  column.  Determine  the  angle  n*  according 
to  formula 


In    order 
the  value 


Ix  - 
to    calculate    a^  = 


as"  +   ea 


B 


of   the    arch, 


f,B  =  r^i-2  = 


1 


+ 


1 


is  needed  which  in  turn  requires  the  angle  t-i^. 
the  formula 


But 


as 


„B 


b. 


X  /3.. 


distance   62,   which  is  not  yet  known,   it  is 
assume  hi  temporarily  to  proceed  with  the 


contains  the 
necessary  to 

calculations.  This  assumed  distance  h^  is  obtained  later 
directly  and  if  the  result  does  not  check  with  the  estimated 
value,  the  calculation  has  to  be  repeated  by  using  the  cor- 
rected value  62.  A  designer  familiar  with  the  method 
usually  needs  only  one  correction,  in  order  to  obtain  the 
final  check  of  the  assumed  distance.  Finally  with  t^^ 
known,  the  angular  deformation  £3^  is  obtained,  which  in 
turn  is  entered  in  the  equation. 

^3    X    /33 
^^3    — — I ^ 

with  03  known,  the  angular  displacement  T3 
by  the  equation 


^'  is  determined 


ryB'  = 


a  3" 


X 


^3  —  az 

and  as  the  value  ri^  is  already  known  which  is  on  account 
of  symmetry  equal  to  ti^'  the  angular  deformation  ti^'  can 
be  determined  by  the  equation 


«2- 


fi' 


^'3-1  = 


1 


and  finally  the  distance  of  the  fixed  point  hi  can  be  obtained 
by  the  formula 

,                   ^2    X    /32 
O2    =    — T— 1 ^, 

a2°  +    €2-" 

As  indicated  above,  this  value  62  must  equal  the  62  tem- 
porarily assumed  previously.  If  the  two  values  are  the 
same,  the  procedure  can  be  continued  to  obtain  61  by  the 
formula 

U  X  /3i 


fei  = 


ai' 


+  ei-f 


in  which 


1^    =    T^2-3    = 


1 


1 


+ 


1 


All  the  locations  of  the  fixed  points  for  each  member  are 
now  known,  because,  on  account  of  symmetry, 

02  =  hi 

fla  =  hz 
The  following  calculations  are  now  given  to  illustrate 
the  actual  application  of  the  method. 


A.     Determination  of  the  angles  a  and  /3. 

1.    The  angles  ai",  ai^  and  /3i  for  column  1  are  obtained 

by  the  following  equations.    (See  also  Fig.  10  for  notations.) 

1  '' 
E  ai"  =  Y  "E  wz' 

1    '' 
E  ai'>  =  J  I,  wz 
u  0 

E  0,  =  }-^iiVZz' 
ti    0 

As 
of  which  w  =  -y  =  the  elastic  weights  of  the  member. 


© 


I    FOE  1  TO  II  •  7.  Hi  ft' 
I'  FOE    17        ■  ~.  fl' 
Wi  To  Wii       •  O  139a 

WS  -O.oc 

!■  MoMLNT  or    iHtETiA 
W    tLASTIC     W1I(3"T 


7'rrt 


tTTTTTT 


1  !L 


rT"^ 


B 


L U^Jiii 


Li  -S'-q- 


►^^ 


■  4.'.o"     J 


Fig.  10. 

The  moment  of  inertia  fi'om  the  footing  to  the  start  of 
the  haunch  of  the  beam  is  constant  and  amounts  to 
_  h_XjP  _  2  X  3.53  ^  , 

The  moment  of  inertia  from  beginning  of  the  haunch  of  the 
beam  to  the  intersection  of  axis  of  members  1  and  2  be- 
comes infinitely  large  and  therefore  the  elastic  weight  for 
this  distance  is  equal  to  zero. 

^-^=7X^X7;  =  27^ 
in  a  similar  manner 

li"  X  [ii  +  2/] 


^181   = 
therefore 


6^1^/ 


£a.»=iU^^y;^4UJ=  0.974 


Eai^  = 


2  X  15  X  7.146 

IP 
2  X  15  X  7.146 


=  0.564 


_   11M15  +  2X4]  _ 
^  '^^  -  6  X  15^  X  7.146  -  ^-^^^ 

2.    Angular  deformations  a^"-,  aj'  and  ^2  of  beam  2. 

In  Fig.  11  are  shown  all  values  which  are  needed  to 
solve  the  equations  for  the  three  angular  deformations. 
The  diagram  also  shows  how  these  angles  can  be  obtained 
graphically. 

The  procedure  to  obtain  these  angles  graphically  is  as 
follows : — ■ 

1.  Divide  the  span  into  a  number  of  small  sections  and 

determine  the  moment  of  inertia  for  each  section. 

2.  Draw   a   line   representing   the   moment   which   is 

applied  at  the  support  to  cause  the  angular  de- 
formation, and  divide  the  area  of  the  moment 
belonging  to  each  section  of  the  span  by  the 
moment  of  inertia  of  that  section. 

3.  Draw  a  funicular  polygon  by  using  as  loads  the 

reduced  moment  area  of  each  section.  The  reac- 
tions obtained  with  this  polygon  represent  the 
angular  deformations  required. 
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The  following  table  shows  the  analytical  method  of 
obtaining  these  angular  deformations. 


T 

ABLE    I 

action 

/ 

As 

w 

z 

z' 

wz 

wzz' 

1 

13.900 

2.125 

0.1529 

2.8125 

49.1875 

0.430 

21.12 

2 

10.750 

2.125 

0.1976 

4.9375 

47.0625 

0.976 

45.95 

3 

8.160 

2.125 

0.2605 

7.0625 

44.9375 

1.840 

82.70 

4 

6.020 

2.125 

0.3530 

9.1875 

42.8125 

3.242 

138.80 

5 

4.290 

2.125 

0.4955 

11.3125 

40.6875 

5.610 

228.00 

6 

2.930 

2.125 

0.72.50 

13.4375 

38.5625 

9.740 

375.50 

7a 

3.635 

2.875 

0.7905 

15.9375 

36.0625 

12.590 

454.00 

76 

3.635 

2,875 

0,7905 

18.8125 

.33.1875 

14.870 

493.00 

7e 

3.605 

2.875 

0.7905 

21.6875 

30.3125 

17.140 

520.00 

7rf 

3.1J35 

2.875 

0.7905 

24.5625 

27.4375 

19.410 

533.00 

Id' 

3.635 

2.875 

0.7905 

27.4375 

24.5625 

21.700 

533.00 

Ic 

3.635 

2.875 

0.7905 

30.3125 

21.6875 

23.980 

,520.00 

76' 

3.635 

2.875 

0.7905 

33.1875 

18.8125 

26,220 

493.00 

la 

3.635 

2.875 

0.7905 

36.0625 

15.9375 

28.500 

454.00 

6' 

2.930 

2.125 

0.72.50 

38.5625 

13.4375 

27.950 

375.50 

5' 

4.290 

2.125 

0.4955 

40.6875 

11.3125 

20.1.50 

228.00 

4' 

6.020 

2  125 

0.3530 

42.8125 

9.1875 

15.110 

138.80 

3' 

8.160 

2.125 

0.2605 

44.9375 

7.0625 

11.710 

82.70 

2' 

10.750 

2.125 

0.1976 

47.0625 

4.9375 

9.300 

45.95 

l' 

13.900 

2.125 
52.000 

0.1529 

49.1875 

2.8125 

7.520 

21.12 

277.988 

5784.14 

277.988 

E  a-f  = 

Eai> 

CO 

-   =  5.35 

in  which 

La    =  the  virtual  work  of  the  reactions  at  the  support  for 

the  condition  Xo  =  1  (see  also  Fig.  13). 
M    =  Bending  moment  due  to  the  external  loads  applied  on 

the  statically  indeterminate  frame. 
Ma  =  Moment    in    statically    determinate    frame    due    to 

Xa   =    1. 


Fig.  12. 


E  ^2 


52 
5784.14 


522 


=  2.14 


3.    Values  of  a-^,  a^  and  (3 3  jor  Arch  3. 

The  formula  for  the  distance  03  and  63  of  the  fixed 
points  for  the  arch  is  again 

^3    X    iSs                           ,                   ?3    X    183 
^3    — 1 "        ',  Oz    —    7 1 T 

The  angular  deformations  at  the  supports  of  the  two- 
hinged  arch  (as  shown  in  Fig.  12)  due  to  a  moment  M  =  \ 
foot-pound  applied  at  the  support  of  the  arch  have  to  be 
determined.  But  before  the  formulae  for  these  angles  can 
be   obtained,    the   horizontal   thrust   due   to   the   moment 


Fig.  13. 


As  the  virtual  work  La  must  be  zero,  because  the  supports 
cannot  move  from  their  original  position,  the  above  equa- 
tion becomes 

rM  Ma  ds 
J       EI 
If  the  value  M  is  now  substituted  with  the  value 

M   =    M"   -   Xa   X   Ma 

of  which  M"  =  represents  the  bending  moment 
of  the  statically  determinate  frame,  due  to  the 
external  loading  (see  Fig.  13),  the  above  equa- 
tion reads  then 


rM"  Ma  ds       ^   f 


Ma^ds 
EI 


■ 


M»  Ma  ds 
EI 


expresses 


the 


Fig.  11. 

causing  those  angular  deformations  has  to  be  known.  This 
horizontal  thrust  can  best  be  determined  by  means  of  the 
principle  of  least  work.  According  to  MiiUer-Breslau,  the 
general  equation  based  on  the  theorem  of  least  work  is, 
if  the  rib  shortening  due  to  direct  stress  and  the  influence 
of  temperature  changes  is  neglec^ted, 

_  rMMads 
^"  ~J       EI 


value  of  the  displacement  of  the  support  of 
the  principal  frame,  or  statically  determinate 
system,  due  to  the  exterior  load  applied  on  the 

frame,  and  the  value    Xa  I  — wr^    represents 

the  displacement  of  one  of  the  arch  supports  of 
the  principal  system  due  to  the  application  of 
the  wanted  horizontal  thrust  at  the  support. 

The  horizontal  thrust  is  therefore 

M»  Ma  ds 


Xa    - 


/- 


EI 


S 


Ma^ds 
EI 


According  to  this  formula,  the  horizontal  thrust  due  to  the 
application  of  a  bending  moment  of  1  foot-pound  at  support 
A  is  therefore  as  follows.    (See  Fig.  13.) 
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M" 


E 


Ma 

ds 


=  w 


fM^Ma-f  =  2y 

J  jf  0 

EfMa'j 


w 


therefore 


0 


i     l-x 
zy  — 7—  w 

X    =  2— 


I 


i:y[l-  x]w 

1     0 


2  y'^w 
0  ' 


I 


I 

S  y^w 


The  notation  used  by  Suter  for  this  thrust  is  B(Mi  =  d 
of  which  the  subscript  denotes  that  the  thrust  is  due  to  a 
moment  =  1  foot-pound  appUed  at  support  A. 

The  thrust  B(mB  =  d  due  to  a  moment  equal  to  1  foot- 
pound appHed  at  the  support  B  can  be  derived  in  a  similar 

manner  and  amounts  to 

I 


B(M^=  . 


S  yxiv 
1     0 


I 


i:y~w 


and  the  thrust  B  due  to  the  application  of  a  moment  of 
1  foot-pound  simultaneously  at  both  supports  of  the  two 
hinged  frame  amounts  to 


S  yw 


2  yhv 

0 

It  can  be  seen  that  all  values  B  are  only  dependent  on  the 
dimensions  and  shape  of  the  frame,  and  are  not  influenced 
by  the  external  loads  applied  on  the  arch. 

The  derivation  of  the  formula  for  the  angular  deforma- 
tions a  and  /3,  as  given  by  Suter,  is  rather  an  intricate 
application  of  the  theorem  of  least  work.  The  following 
derivation  of  the  angular  deformation,  as  shown  in  Fig.  12, 
gives  a  considerably  simpler  illustration  of  the  application 
of  the  principle  of  least  work. 

If  a  rotating  moment  =  1  foot-pound  is  applied  at  the 
support  B,  thereby  causing  an  angular  deformation  (8  at 
support  B'  (see  Fig.  12),  then  the  bending  moments  at  any 
point  of  the  frame  amount  to 

M  =  M"  -  5(^.4  ^^)  X  y         (See  Fig.  14) 

the  angular  deformation  can  therefore  be  obtained  in  two 
easy  steps,  by  computing  first  the  angle  ^3°  due  to  M°  of  the 
statically  determinate  system,  and  secondly,  by  deducting 
the  angle  /3b  due  to  the  horizontal  thrust  B(m'^=i),  also 
of  the  statically  determinate  system.  For  each  step,  the 
general  equation  based  on  the  theorem  of  least  work  reads 
in  this  case 

'  M"  Mds 


EI 

M"  Mds 

EI 


In  the  case  of  j3"  the  following  values  can  be  placed  under 
the  integral. 

M°  =  Loading  group:  Applied  at  that  point  of  the 
frame  where  the  deformation  is  wanted.  As  an 
angular  turn  of  joint  B'  is  wanted,  a  rotating 
moment  M  =  1  foot-pound  is  applied  there  and 
the  value  M°  becomes  therefore 


M" 


Mx 

I 


X 


M  =  Displacement  group:  Influence  of  the  load  which 
actually  causes  the  wanted  deformation.  It  is 
therefore 


M  =  M»  = 


I  —  X 
~1 


These  values  entered  into  the  above  equation,  gives 

X 

/3°  = 


J  1^1 


X  ds 


ds 


=     ±-Jx[l-x]'j 


Fig.  14. 

As  the  moment  of  inertia  /  in  the  integral  is  variable, 

it  is  not  possible  to  solve  the  integral,  and  it  is  necessary  to 

subdivide  the  arch  into  a  number  of  small  sections.    At  the 

ds 
same  time,  the  values  y-    can   be   replaced   by   the   elastic 

weights.    The  equation  reads  therefore 

iS"  =  ^   2  x[l  -  x]w 

To  obtain  13b  the  procedure  is  again  as  follows : 

M"  =  Loading  group :  load  M  =  I  applied  at  B'  where 


deformation  is  wanted. 


M'^  is  therefore  again 


M  x 

jx  or  ^- 


M  =  Displacement  group:  Influence  of  load  actually 
causing  required  angular  deformation  /3b 
therefore 

M  =  B(^A^,^y 
these  values  entered  in  equation  for  ^b  give: 
f  X  Bi,jA^,yy  ds 


Pb  = 


or  agam 


/ 


EI 
1 


1  R    A       c^y  ' 


xy  ds 


p,5(M^=i)   2  xyw 

HI  0 


and  finally  if  the  two  values  are  entered  in  the  equation 

/3  =  ^°  -  /3s 

I     I  I  I 

E  &  =  j-o   2  x[l  -  x]w  -  -7  B(j^jA  ^1)   2  xyw 

f       0  '  0 

With  the  same  method  of  procedure  the  angles  a"  and  a^ 
are  obtained,  thus 


E  ofl  =  E  af> 


1/2  1/2 

2   w  —  Bl^  yw 

0  0 


The  following  Table  II  gives  the  computation  of  the 
above  angular  deformations  for  the  church  frame.     The 


376 


THE     ENGINEERING     JOURNAL 


August,  1935 


general  dimensions  and  division  of 
the  accompanying  Fig.  15. 


the  arch  are  shown  in 


As 
1.000 
2.000 
2.000 
2.000 

5  2.833 

6  2.833 

7  2.833 

8  2.833 

9  2.833 
ID  2.833 

11  2.500 

12  2.875 

13  2.875 

14  2.875 

15  2.875 

16  2.750 

17  2.750 

18  2.750 

19  2.750 

20  4.750 

21  4.750 

22  4.750 

23  4.750 

24  4.750 

25  4.750 

26  4.750 

27  4.750 


/ 
CO 

6.650 
5.730 
4.875 
4.500 
4.500 
4.500 
4.500 
4.50r 
4.500 

CO 
4.500 
4.500 
4.500 
4.500 
4.695 
5.010 
6.500 
9.060 
7.110 
3.805 
3.000 
3  000 
3.000 
3.000 
3.000 
3.000 


0.0000 
0.3006 
0.3490 
0.4100 
0.6300 
0.6300 
0.6300 
0.6300 
0.6300 
0.6300 
0.0000 
0.6390 
0.6390 
0.6390 
06390 
0.5860 
0.5490 
0.4230 
0.3035 
0.6680 
1.2480 
1.5830 
1.5830 
1.5830 
1.5830 
1.5830 
1.5830 


0.5000 
2.0000 
4  0000 
6.0000 
8.^167 
11.2500 
14.0833 
16.9167 
19.7500 
22.5833 
25.2500 
27.9375 
30.8125 
33.6875 
36.5625 
39.3832 
42.1398 
44.8787 
47.5866 
51.1937 
55.5910 
59.7511 
63.6235 
67.1500 
70.2865 
72.9905 
75.2270 


Table  II 

0.000 

1.202 

5.580 

14.760 

44.600 

79.800 

125.100 

180.200 

246.000 

321.000 

0.000 

499.000 

607.500 

724.100 

854.000 

910.000 

975.000 

852.000 

687.000 

1750.000 

3860.000 

5640.000 

6420.000 

7140.000 

7820.000 

8420.000 

8980.000 


yw 

0.000 

0.601 

1.396 

2.460 

5  300 

7.090 

8.880 

10.660 

12.450 

14.220 

0.000 

17.850 

19.700 

21.500 

23.350 

23.080 

23.110 

18.980 

14440 

.34.200 

69.400 

94.500 

100.800 

106.250 

111.300 

115.,500 

119.250 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0233 

0.2095 

0.5811 

1.1365 

2.1809 

3.9655 

6.2450 

8.9930 
12.1680 
15.7297 
19.6303 
23.8203 


l-x 
52.0000 
52.0000 
52.0000 
52.0000 
52.0000 
52.0000 
52.0000 
52.0000 
52.0000 
52.0000 
52.0000 
52.0000 
52.0000 
52.0000 
52.0000 
51.9767 
51.7905 
51.4189 
50.8635 
49.8191 
48.0345 
45.7550 
43.0070 
39.8320 
36.2703 
32.3697 
28.1797 


xw 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0130 

0.1150 

0,2455 

03450 

1.4560 

4.9550 

9.8900 
14.2300 
19.2500 
24.9000 


X  (l—x)w 

0.0 

0.0 

0.0 

0.0 

0.0 

00 

00 

0.0 

00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.709 

5.950 

12.630 

17.550 

72.600 

238.000 

452.500 

612.000 

767.000 

902  000 


31.1000  1005.000 
37.7000  1061.000 


20.6710        976.267  57156.842  144.1995  5146.939 

Note. — All  calculations  were  made  with  a  20-inch  slide  rule.  The 
computations  need,  on  account  of  symnietry,  be  made  only  for  half  of 
the  frame. 


1/2 

S  yw 


Bz  = 


0 


976.267 
57156.842 


-  0.01708 


1/2 

2  y'^w 

0 

Eai<^  =-  Eai>  =    2  ?('  -  jB  2  yir  =  20.671  -  0.01708 

X  976.267  =  3.991 

2     '/2  jg    1/2  2 

E  ^3  =  j2   2   x[l  -  x]w  --^   2   yw  =  ^^ 


X  5146.939 


0.01708 


X  976.267  =  -  4.535 


With  these  values,  the  locations  of  the  fixed  points  can 
now  be  determined. 

As  far  as  the  column  of  the  frame  to  be  analyzed  is 
concerned,  the  restraint  at  the  foot  of  the  column  depends 
on  a  number  of  factors,  such  as  the  size  of  the  footing  on 
which  the  column  rests  and  the  quality  of  the  soil  supporting 
the  footing.  It  is  clear  that  the  angular  displacement  of 
such  a  support  cannot  be  determined  mathematically  and 
must  be  estimated.  In  this  case,  the  degree  of  restraint  was 
taken  at  J/^  of  full  restraint  and,  therefore,  Oi  becomes: — • 
1  , .  15.0  X  0.288 


Ti 


B 


ai 


b  — 


u 


X  /3, 


1 1  —  a  I 

=  0.564 


0.974 


15.0 


15.0  -  1.48 


=  1.48  foot 


X  0.288  =  0.245 


assume  62  =  20.00  feet 
h 


rz 


.B  = 


a2°  — 


t3 


B   =   tB 


h  -  h, 

=  5.35 
1 


X  p. 


52.0 


52.0 


20.0 
1 


T^l-2 


T  1"  T  2 


1 


X  2.14  =  1.870 
0.2168 


-r   + 


1 


03  =  - 


Iz   X    ^3 
03"    +    t3* 


*       0.245    '    1.870 
52.0  X  [  -  4.535 


3.991  +  0.2168 


=   -  56.10  feet 


1-3' 


U 


h  —  as 
=  3.991  - 


X  /33 


52.0 


52.0 -[-56.10] 
Ti^'  =  Ti^  =  0.245  (see  above) 
„.         „.  1  1 


X[- 4.535]  =  6.171 


€2^ 


,+ 


1 


1 


+ 


1 


0.2358 


T3B'      0.245   '   6.171 


I2  X 


52.0  X  2.14 


=  19.90  feet 


a2^  +  €2^'       5.35  +  0.2358 
This  value  is  so  close  to  the  previously  assumed  value  of 
20  feet,  that  the  calculation  does  not  have  to  be  repeated. 
The  remaining  values  can  therefore  be  computed. 
1  1 


1 


T2^ 


+  \   A.+ 


1 


=  1.435 


T3S'      1.87   '   6.171 


bi 


^1  X  /3, 


15.0  X  0.288 


=  2.16  feet 


a.b  +  €iB'       0.564  +  1.435 
The  carry  over  coefficients  are  obtained  directly,  as 
all  r  values  are  already  known  from  the  calculation  of  the 
position  of  the  fixed  points. 

Ml-2 


Mi-3 


M2-1 


M2-3 


M3-1 


M3-2 


T^2-3 

1.435 

1.87 

=  0.767 

T3« 

1.435 
6.171 

=  0.233 

r^i-3 
r,B 

0.2358 
0.245 

=  0.962 

T^l-3 
T3^ 

0.2358 
6.171 

=  0.038 

7-^1-2 

r,B 

0.2168 
0.245 

=  0.884 

rSa-2 

D 

0.2168 

1     n>-rr\ 

=  0.116 

1.000 


=  1.000 


=  1.000 


72-  1.870 

To  obtain  the  carry  over  coefficient,  with  which  the 
moments  of  bracket  4  have  to  be  multiplied  to  obtain  the 
balancing  moments  of  members  1,  2  and  3,  the  value  r-^i_2-3 
has  to  be  obtained  first. 

1  1 


7-"  1-2- 3    = 


1 

+  -.+ 

1 

rfii-2- 

3 

M4-1 

T,B 

T*l-2- 

3 

M4-2 

j^B 

T-^1-2- 

3 

_i_  +  J_+_J_ 

0.245^  1.87  ^6.171 


=  0.2095 


0.2095 
0.245 

0.2095 
1.870 

0.2095 


M4-3    = 


0.854 


0.112 


0.034 


=  1.000 


T3-8  6.171 

The  location  of  all  fixed  points  and  the  values  of  all  carry 
over  coefficients  are  shown  in  Fig.  9. 

Moment  due  to  Dead  Loads  of  centre  beam  2.     (Fig.  16.) 

The  uniformly  distributed  dead  load  on  beam  2  is : — 
Slab,  "Floortyle,"  8"  +  2"    =    13  X    50  lbs.  =  650 pounds 
T-beam  =4      X  0.833  X  150  lbs.  =  500      " 

=  1.5  X  1.833  X  150  lbs.  =  412      " 
Suspended  ceiling     =  17  X     10  lbs.  =  170      " 

Tile  floor  finish         =  17  X     25  lbs.  =  425 


2,157  pounds 

pe  r  lin .  foot  of  beam . 

The  procedure  of  distributing  the  bending  moments  due 

to  the  above  dead  load  as  given  analytically  below  can 
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Fig.  15. 


easily  be  followed  step  by  step  in  Fig.  16  which  illustrates  to  the  point  of  maximum  moment  (centre  of  beam)  and  the 

the  graphical  solution.  intersection  of  this  line  with  a  perpendicular  drawn  through 

Assume  member  2  freely  supported  at  both  ends  and  the  fixed  point  indicates  the  extent  to  which  the  closing 

compute  the  maximum  bending  moment  due  to  the  dead  line  of  the  moment  polygon  is  lowered   (see  line   1),   or 

load,  thus  analytically 


M«  =  2157  X  52"  ^  730  000  foot-pounds 

o 

To  obtain  the  negative  moments  due  to  the  restraint  at 
both  supports  of  member  2,  a  line  is  drawn  from  the  support 


M.^ 


M"  X  rt2      730.000  X  19.90 


/2  h 


26.0 

=  -  558,000  foot  pounds  =  M^B' 
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These  two  moments  have  to  be  carried  over  to  members 
3  and  1,  and  from  joint  to  joint  of  the  frame,  until  the 
remaining  moments  are  so  small  as  to  be  negligible.  This 
process  can  be  carried  out  graphically  or  analytically.  It 
is  usually  best  to  do  it  in  both  ways  to  obtain  an  independent 
check  of  the  figures.    The  analytical  procedure  is  as  follows : 

(In  Fig.  16,  the  moments  are  always  indicated  on  the 
side  of  the  frame  axis  where  tension  would  be  caused  by 


Fig.  16. 

such  moment).    Take  moment  M^^  at  point  B  and  obtain 

MiB  and  Ms^  thus 

MiB  =  M^B  X  iJii-x  =  558,000  X  0.962  =  536,800 
Ms-B  =  M2-B  X  M2-3  =  558,000  X  0.038  =     21,200 

Moment  M^  is  carried  over  to  B'  and  reduced  to  M^' 

(see  line  3) . 

njT  w        ^3^  X  ^3        21,200  X  56.10        ,,  r^n^af     ,  a 

M^      =  n T. —  =  E^TFi — f — EFTTii  =  11,000  foot-pounds 

63  —  03  52.0  —  [  —  56.10J 

The  result  is  carried  over  to  members  1  and  2  again  thus : — 

Mi-B'  =  M3S'  X  M3-1  =  11,000  X  0.884  =  9724  foot-pounds 

M2S'  =  M3B'  X  M3-2  =  11,000  X  0.116  =  1276  foot  pounds 

The  moment  1276  foot-pounds  is  carried  over  beam  2  by 

drawing  a  line  through  fixed  point  J2  and  we  obtain  (see 

line  4) 

MB       1276  X  a2       1276  X  19.90       -^n  f     .  a 

M 2^  =  —J =  ^K7i in  nn  =  '90  foot-pounds 

h  —  02         52.0  —  19.90  ' 

This  moment  is  carried  over  to  members  1  and  3  again 

thus 

MiB  =  790  X  M2-1  =  790  X  0.962  =  760  foot-pounds 

M3-B  =  790  X  M2-3  =  790  X  0.038  =     30  foot-pounds 

The  latter  moment  is  small  enough  to  be  negligible.  The 
process  has  to  be  repeated  now  for  the  end  restraint  of 
beam  2  at  point  B'  or  Mi^',  and  after  this,  all  moments  can 
be  added  to  obtain  the  final  moments  in  the  frame  due  to 
the  dead  load  on  beam  2.  The  easiest  way  to  sum  up  these 
moments  is  to  use  the  diagram  as  a  basis,  and  to  tabulate 
the  values  thus: 
MiB  =  -  536,800  -t-  760  +  9724 

=  -  526,316  foot-pounds  =  Mi^' 
M^B  =  -  558,000  -  1276  +  790 

=  -  558,486  foot-pounds  =  M-^b' 
M3B  =  -f  21,200  -  30  +  11,000 

=  -f  32,170  foot-pounds  =  M^b' 
As  a  check,  the  two  moments  MiB  and  M^b  have  to  balance 
the  moment  MiB  and  we  should  have 

M^B  -  [Mi-B  +  M^B]  =  0 

or  +  558,486  -  [526,316  +  32,170]  =  0 


The  horizontal  thrust  in   the  arch,   due   to   the   bending 
moments  at  both  supports  amounts  to 

//  =  M35  X  I  +  M^B'  X  I  =  32,170  X  0.01708 

=  549  pounds 
The  final  bending  moments  at  any  point  of  the  arch  is 
Mx  =  32,170  -  549  y 

Dead  Load  Moments  in  Arch.     (Fig.  17.) 

To  determine  the  moments  in  the  frame  due  to  the 
dead  loads  of  the  arch,  it  is  necessary  first  to  calculate  the 
bending  moments  of  these  loads  applied  on  the  principal 
system,  or  statically  determinate  system,  for  every  section 
of  the  arch.    (See  M"  line  in  Fig.  17.) 

The  loads  applied  at  each  point  of  the  arch  are  as 
follows : — 

Table  III 
Dead  Loads       Member  .3 

Points  1  to  15 .?4,200  pounds 

Point  16 2,575  pounds 

17 2,490  pounds 

18 2,.540  pounds 

19 2,6.35  pounds 

20 8,775  pounds 

21 8,175  pounds 

22 8,135  pounds 

23 8,240  pounds 

24 8,340  pounds 

25 8,440  pounds 

26 8,.540  pounds 

27 9,060  pounds 

112,145  pounds 

To  obtain  the  M"  moments  for  each  point,  a  time-saving 
method  is  to  use  the  formula 

M^ 

ilfsO    =    A  XSO    -    [M^19   +   Ql9  [X20-a:i9]] 

a 

The  above  formula  gives,  for  instance,  the  moment 
required  for  point  20.  The  notations  used  are  illustrated 
in  Fig.  17,  and  are  self  explanatory.  The  main  advantage 
of  this  method  is  that  for  each  subsequent  moment  to  be 
computed,  the  moment  previously  determined  can  be  used 
again.  In  the  following  Table,  A  is  taken  as  77,945  pounds 
representing  the  dead  loads  16  to  27.  The  loads  1  to  15  can 
temporarily  be  neglected  as  they  do  not  contribute  to  the 
moments  to  be  computed. 

Table  IV 

M"  Moments  in  Arch  (Member  3) 

A  =  77,945  pounds  is  constant 

Point     X              Ax               mP             Q           a  Qa  M^  Jlf" 

ItolSO        0        00      0        0  0  0 

16  0.0233     1790      0     0      0        0  0  1790 

17  0.2095    16300      0     257.5   0.1802     480  480  15820 

18  0.5811    452.50      480    5065   0.3716  1885  2365  42885 

19  1.1365    88.500     2365    7605   0.5554  4220  6585  81915 

20  2.1809    170000     0585   10240   1.0444  10700  17285  152715 

21  3.9655   309000    17285   19015   1.7840  33900  51185  257815 

22  6.2450   487000    51185   27190   2.2795  61950  113135  373865 

23  8.9930    700000    113135   35325   2.7480  97100  210235  489765 

24  12.1680  947000  210235  43565  3.1750  138200  348435  598565 

25  15.7297  1250000  348435  51905  3.5617  184900  533335  716665 

26  19.6303  1530000  533335  60345  3.9000  235000  708335  701665 

27  23.8203  18.55000  768.335  08885  4.1900  288500  1056835  7981S5 
27'  28.1797  2195000  1056835  77945  4.3594  339500  1390335  798685 

2S.1797 

For  a  check,  the  sum  under  column  "a"  must  be  equal 
to  X27',  Q27'  must  be  equal  to  A,  and  ilf  "27  must  be  equal  to 
M°27'  on  account  of  symmetry.  The  difference  between  the 
two  latter  moments  is  only  0.06  per  cent  which  is  accurate 
enough. 
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In  ordei'  to  obtain  the  moments  of  restraint  at  both 
supports  of  the  arcli,  the  following  ecjuations  have  to  be 

in  which  /3  is  already  known,  and  both  values  (^a*  and  ^a" 
represent  the  angular  deformations  of  both  supports  of  the 
two-hinged  arch  due  to  the  external  loading  (see  Fig.  12). 


//  =  433,726,300 


Fig.  17. 


When  both  values  k"  and  k^  are  known,  the  moments  of 
restraint  are  easily  obtained  as  shown  in  Fig.  17  in  the 
following  manner:  indicate  the  distance  fc"  and  fc*"  below 
joints  B  and  B'  respectively.  Draw  from  the  two  points 
thus  found  a  line  through  the  opposite  joint  until  the  line 
intersects  with  a  perpendicular  drawn  from  the  fixed  points 
of  the  arch.  Connect  these  two  points  of  intersection  with 
a  line  which  in  this  particular  case  happens,  on  account  of 
symmetry,  to  be  horizontal.  This  latter  line  cuts  off,  at  the 
supports,  the  moments  of  restraint  Ms^  and  Ms^'  which  are 
measured  in  the  same  scale  as  used  to  plot  the  values 
/c«  and  fc*. 

The  formulae  for  the  above  angular  deformations 
^"  and  <p^  are  derived  in  exactly  the  same  way  as  was  shown 
previously  for  the  value  j8  and  are 

ho  ^0 

1 


E<p3'^  =r-X  M«  [/a  -  a;]  w  -  ^  S  yw 
ho  ^ 

I  h  u  h 

E<i>sb  =-  Z  M°xw  -  ~  X  yw 
ho  -so 

in  which  H  represents  the  horizontal  thrust  of  the  two- 
hinged  arch  due  to  the  external  loading. 


2  M'>ijw 

H  = 

0 

h 

2    7/lV 

The 

computation  of  these 

0 

values  to  obtai 

n   fc«  and  k^  is 

given  in  the  following  table. 

Table  V 

Point 

M» 

yw 

M^yw 

xw 

[l-x]w 

M''xw 

M^ll-x]  w 

0-15 

0 

16 

1790 

23.080 

41300 

0.0130 

30.410 

54500 

17 

15820 

23  110 

366000 

0.1150 

28.400 

1800 

449000 

18 

42885 

18.980 

814000 

0.2455 

21.750 

10500 

932000 

19 

81915 

14.440 

1180000 

0.3450 

15.450 

28300 

1265000 

20 

152715 

34.200 

5225000 

1.4560 

33.300 

222300 

5090000 

21 

257815 

69.400 

17900000 

4.9550 

60.000 

1278000 

15480000 

22 

373855 

94.500 

35300000 

9.8900 

72.450 

3695000 

27009000 

23 

489765 

100.800 

49350000 

14.2300 

68.050 

6960000 

33300000 

24 

598565 

106.250 

63600000 

19.2500 

63.050 

11520000 

37710000 

25 

691665 

111.300 

76800000 

24.9000 

57.400 

17200000 

39650000 

26 

761665 

115.500 

87950000 

31.1000 

51.250 

23650000 

39000000 

27 

798200 

119.250 

95200000 
433726300 

37.7000 

44.600 

30100000 
94665900 

35600000 
235539500 

94665900 
330205400 

E  (pf^  =  E  <)>^  = 


ka    =  /c*  =     — 


57,156 

330,205,400 


=  7600  pounds 
7600 


52 


-  1,070,000 
-  4.535 


X  2  X  976.26 
=  -  1,070,000 


M,B 


h 


=  -  236,000  foot-pounds 
-  236,000  X  [-  56.10] 


52.0 
=  -I-  254,500  foot-pounds 


Both  these  moments  have  to  be  carried  around  the  frame 
again  in  a  similar  manner  as  shown  for  the  moments  due  to 
the  dead  loads  of  the  beam.  It  is  best  to  begin  again  at 
joint  B. 


MiB  =  MzB  X  M3-1  =  254,500  X  0.884 
Ma-B  =  Ma-B  X  M3-2  =  254,500  X  0.116 


225,000 

}  =  254,500 
29,500j 


MiB'  = 


M^B  X  62       29,500  X  19.90 


k  -  a2  52.0  -  19.90 

MiS'  =  M^B'  X  M2-1  =  18,300  X  0.962 
M^B'  =  M^B'  X  ;x2-3  =  18,300  X  0.038 
MzB'  X  fla  696  X  56.10 


=  18300         (see  line  2) 


17,604) 
696/ 


MzB   = 


h 


aa 


52  -  [-  56.10] 


MiB   =  M3B   X  M3-1  =  361  X  0.884 
M2B   =*MiB   X  M3-2  =  361  =0.116 


=  361 

=  319 
=  42 


18,300 
(see  line  4) 


=  361 


The  remaining  value  of  M2B  =  42  foot-pounds  is  small 
enough,  so  that  the  distribution  of  the  original  moment 
M3B  =  254,500  foot-pounds  can  stop  here.  The  moment 
M3B'  =  254,500  foot-pounds  has  also  to  be  carried  around 
the  frame  until  the  remaining  moment  is  so  small  that  it  can 
be  neglected.  On  account  of  symmetry,  this  distribution 
gives  identical  values  as  the  moments  distribution  shown 
above  for  M3B, 

The  result  can  be  added  up  to  obtain  the  final  moments 
at  the  joints  B  and  B'.  This  summation  can  best  be  done 
by  using  the  diagram  No.  17  as  guide  in  order  to  eliminate 
a  possible  error  of  signs. 

M,B  =  MiB'  =  225000  +  17604  -  319  =  242285  foot-pounds 
M2B  =  M^B'  =  -  29500  +  18300  -  42  =  - 1 1 158  foot-pounds 
MzB  =  M^B'  =  254500  -  696  -  361  =  253443  foot-pounds 

The  two  moments  M2B  and  MiB  have  to  balance  the  value 
M3B  if  the  result  is  correct,  thus  242285  +  11158  -  253443 
=  0.  In  order  to  obtain  the  bending  moments  at  any  point 
of  the  arch,  it  is  necessary  that  the  final  horizontal  thrust  be 
known.  To  the  thrust  of  7,600  pounds  previously  com- 
puted, which  represents  the  thrust  due  to  the  dead  loads  of 
the  two  hinged  arch,  has  to  be  added  the  thrust  due  to  both 
end  moments  of  restraint  M3B  and  M^B',  This  additional 
thrust  is  very  easily  obtained  by  multipljdng  both  moments 
by  half  the  value  of  B.    Therefore : 

H  final  =  H  +^  {M^b  +  M^B') 

or  H  final  =  7600  +  0.01708  X  253443  =  11930  pounds. 

The  following  Table  VI  indicates  the  method  of  com- 
puting the  final  bending  moments  for  the  various  points 
of  the  arch. 
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Table  VI 
Dead  Load  Moments  in  Arch 


Point 
0 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 


+  M0 

+  M,B  =  MiB' 

-Hy 

0 

253443 

0 

0 

253443 

-301000 

0 

253443 

-333000 

0 

253443 

-368000 

0 

253443 

-401500 

0 

253443 

-436000 

1790 

253443 

-470000 

15820 

253443 

-503000 

42885 

253443 

-535000 

81915 

253443 

-567000 

152715 

253443 

-610000 

257815 

253443 

-663000 

373855 

253443 

-712000 

489765 

253443 

-760000 

598565 

253443 

-801000 

691665 

253443 

-838000 

761665 

253443 

-870000 

798200 

253443 

-898000 

Affinal 
+253443 

-  47557 

-  79557 
-114557 
-148057 
-182557 
-214767 
-233737 
-238672 
-231642 
-203842 
-151742 

-  84702 

-  16792 
+  51008 
+  107108 
+  145108 
+  153643 


Fig.  18. 

Moments  due  to  dead  loads  on  brackets  4-     (See  Fig.  18.) 

The  bending  moment  at  the  support  of  the  bracket  4 
due  to  the  dead  loads  amounts  to : 


18000  X  12.0 
2000  X  ^ 


216000 
144000 


Total  MiB  =  M^B'  =  360000  foot-pounds 

This  moment  is  carried  over  into  the  members  1,  2  and 
3,  and  around  the  frame  (as  shown  previously).  See  the 
following  table: — 

Table  VII 

MiB         M^B  MiB  M^B'         m^B'      a/j 


360000  X     0.854 

360000  X     0.112 

360000  X      0.034 

12250  X  56.10 


+307450 


08.10 

6360  X 

0.884 

6360  X 

0.116 

738  X 

19.90 

32.10 

458  X 

0.962 

458  X 

0.038 

40300 

19.90 

-40300 


-      458 


-12250 


-6360 


-  5622 


32  10 

26000 X 

0.962 

25000 X 

0.038 

950 

56.10 

108.10 

493  X 

0.884 

493  X 

0.116 

ir.'icket  4 

/ 

+        17 


-     493 


+     738 


+25000 


+24050 


-   950 


-        436 


+     57 


+306573    -40701      -12726      +  18428      +25738    -   7310 
+   18428   +25738      -   7310     +306573      -40701    -12726 


Total  momentB      +325001    -14963      -20036      +325001      -149G3    -20036 


Verify  ilf  i«  =  Mi^'  =  325001 
M^B  =  M^B'  =  14963 
Ms-B  =  MiB'  =     20036 


MiB  =  M^B'  =  360000  foot-pounds 
The  horizontal  thrust  H  =  0.01708  X  20036  =  342  pounds. 
The  bending  moment  at  any  point  in  the  arch  amounts  to 
M^  =  M^B  -  Hy 
M:c  =  20036  -  342  y. 

Moments  due  to  dead  loads  on  brackets  5  and  5' .    (Fig.  19.) 

The  uniformly  distributed  load  on  the  brackets  is 
Slab         =  50  X  17'  0"  =      850 
Roofing       20  X  17'  0"  =      340 
Beam  300 

Ceiling         10  X  17'  0"  =      170 


1,660    pounds    pel' 
bracket. 


lin.    foot    of 


The  l^ending  moment  at  the  support  of  the  bracket 

122 

M  =  1,660  X  ^  =  -  119,500  foot-pounds 

The  moments  in  the  statically  determinate  system  are 
zero  for  all  points  from  the  arch  support  B  and  B'  to  point 
11,  and  119,500  foot-pounds  for  the  points  11  to  27 
inclusively.  The  following  table  indicates  the  computation 
of  all  values  required  to  obtain  the  end  moments  at  both 
supports  of  the  continuous  arch. 


Fig.  19. 


e  Fig.  18 

Table  VIII 

line  1 

Point 

yw 

xw 

{l—x)  w 

line  2 

1  to  10 

neglected  as  M"  =  0 

line  3 

11 

0.00 

0 

0 

line  3 

12 

17.850 

0 

33 . 200 

13 

19.700 

0 

33.200 

14 

21.500 

0 

33.200 

line  5 

15 

23.350 

0 

.33.200 

line  5 

16 

23.080 

0.0130 

30.410 

17 

23.110 

0.1150 

28.400 

18 

18.980 

0.2455 

21.750 

19 

14.440 

0.3450 

15.450 

20 

34.200 

1.4560 

33.300 

21 

69.400 

4.9550 

60.000 

22 

94.500 

9.8900 

72.450 

line  7 

23 

100.800 

14.2300 

68.050 

line  8 

24 

106.250 

19.2500 

63.050 

line  8 

25 

111.300 

24.9000 

57 .  400 

26 

115.500 

31 . 1000 

51.250 

line  9 

27 

27 
2  yw 

119.250 

27 
2  = 

37 . 7000 

27' 

S  = 

44.600 

=  913.21 

144.1995 

678.910 

11 

0 

11' 
11' 

2  = 

144.199 

823.109 

11 
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2  M°yw 


H  = 


-  119,500  X  913.21 


^«   =   ^i    = 


1     ,  57,156 

0 

I 

i:  M°xw      „  . 

0  "    v< 

-  -  -Lyw 
^    0 


=  —  1910  pounds 


I 


-119,500X823.109      r- 1910 


52 


-[ 


fc"  =  k^ 


Ma^  =  MiB'  = 


26,000 


-  4.535 
5740  X  [  -  56.10] 
52 


X  2  X  976.26] 

=  -  26,000 
=  —  5740  foot-pounds 


=  +  6210  foot-pounds 


The  final  bending  moments  at  any  point  of  the  arch  are  now 
as  follows: — 

Mi«  =  MiB'  =  +  6184  foot-pounds 
The     moment     at     point     11     immediately     below     the 
brackets  (5) 

=  -I-  6184  -  (-  1804  X  25.25)  =  +  51784  foot  pounds 
The  moment  at  point  11  immediately  above  the 
bracket  5 

=  +  6184  -  (-  1804  X  25.25)  -  119500 

=  —  67716  foot  pounds 
For  the  moments  at  points  12  to  27  and  12'  to  27'  the 
following  formula  applies: 

M  =-{-  6184  -  (-  1804  X  y)  -  119500. 
The  table  below  gives  all  bending  moments  for  the 
points  12  to  27. 


These  two  moments  are  again  carried  around  the  frame  to 

obtain  the  final  moments  at  each  joint.     The  process  can 

easily  be  followed  on  Fig.  19.     The  resulting  moments  are 

Ms-B  =  M^B'  =  +  6184  foot-pounds 

M^B  =  M2B'  =  -    273  foot-pounds 

MiB  =  MiB'  =  -^  5911  foot-pounds 

The  final  horizontal  thrust  in  the  arch  is 

H  =-  1910  +  6184  X  0.01708  =  -  1804  pounds 

Note: — Symbol  0  used  in  text  on  page 


T 

ABLE    IX 

oint 

M  ill  foot-pounds 

Point 

M 

in  foot-pounds 

Point 

M 

in  foot-pounds 

12 

-62800 

18 

-32300 

24 

-1-   7700 

13 

-57700 

19 

-27300 

25 

4-13700 

14 

-52500 

20 

-20900 

2e 

+  18200 

15 

-47300 

21 

-12700 

27 

-f  22480 

16 

-42200 

22 

-   5500 

centre 

+24180 

17 

-37200 

23 

-f   1700 

These  final  moments  due  to  dead  loads  on  brackets 
5  and  5'  are  shown  in  Fig.  19. 

(To  be  continued) 
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Design  and  Application  of  Gears 

W.  p.  Muir, 

Mining,  Metals  and  Plastics  Machinery  Department, 

Dominion  Engineering  M'orks,  Limited,  Montreal. 

Paper  presented  before  the  Montreal  Branch  of  the  Engineering  Institute  of  Canada,  December  6th,  1934. 

SUMMARY. — In  the  following  paper  the  general  problems  encountered  by  the  designer  of  gears  are  discussed  and  also  the  best  methods  of  overcoming 
these  with  the  present  empirical  and  theoretical  data  available. 


While  apparently  a  pair  of  gears  making  conjugate 
action  and  transmitting  power  appears  to  be  one  of  the 
simplest  forms  of  mechanism,  the  satisfactory  power  drive 
through  gearing  is  an  intricate  problem  in  machine  design. 

The  gear  designer  first  of  all  has  to  determine  the  load 
to  be  transmitted.  From  a  straight  horsepower  formula  the 
direct  load  can  be  simply  determined  but  other  loads  occur 
on  the  gear  teeth  which,  although  they  bear  a  relation  to 
the  transmitted  load,  are  due  to  dynamic  forces,  and  are  not 
so  readily  estimated.  The  dynamic  loads  are  of  possibly 
greater  importance  in  the  design  of  gears  than  the  actual 
transmitted  loads.  Considerable  research  has  been  done 
within  the  last  five  years  on  the  magnitude  of  these  loads 
and  information  is  now  available  which  has  not  been  in  the 
past.  The  designer,  therefore,  has  first  to  determine  the 
probable  loads  on  the  gear  teeth,  which  involves  a  study 
of  theoretical  dynamics,  and  next  to  consider  the  materials 
which  are  available  to  carry  these  loads.  This  involves  a 
study  of  metallurgy  because  the  failure  of  the  material  on 
the  surface  of  the  teeth  is  usually  due  to  structural  failure 
in  the  material  itself  due  to  fatigue  in  shear. 

The  gear  designer  next  investigates  the  solid  geometry 
of  the  gear  teeth  to  study  the  effects  of  tooth  shape  pro- 
portions, as  the  solid  geometry  of  the  gear  teeth  has  a 
direct  bearing  on  their  ability  to  carry  loads.  He  then 
considers  the  methods  to  be  used  in  the  machine  shop  to 
reproduce  the  conclusion  arrived  at,  and  this  requires  a 
thorough  understanding  of  the  practical  side  of  gear  cutting. 
The  conditions  under  which  the  gear  will  operate  must  be 
considered,  such  as  the  accuracy  with  which  it  will  be  held 
in  its  relationship  to  the  mating  gear;  the  ability  of  the 
supporting  structure  to  carry  the  loads  imposed  on  the 
gearing  without  too  much  distortion,  which  would  affect 


the  tooth  contact  and  the  ability  of  the  gear  to  satisfac- 
torily transmit  the  predetermined  loads.  Further,  he  must 
also  consider  the  protection  to  be  given  the  gears  from 
what  might  be  termed  outside  interference.  They  must  be 
enclosed  in  a  case  which  will  prevent  foreign  matter,  both 
large  and  small,  from  interfering  with  the  proper  action 
of  the  contacting  surfaces.  Finally,  he  must  consider  the 
problem  of  lubrication  between  the  gear  surfaces  themselyes 
and  its  relationship  to  loads  imposed. 

It  will  be  seen  from  the  foregoing  that  the  designer 
of  gears  must  have  a  thorough  basic  knowledge  in  a  good 
many  normally  unrelated  branches  of  mechanical  engineer- 
ing, and  the  success  of  his  design  will  be  governed  largely 
by  his  ability  to  handle  the  mathematical  and  practical 
tools  at  his  disposal.  While  the  general  machine  designer 
uses,  and  always  will  use,  gears  in  his  design  which  he  will 
feel  free  to  choose  and  install  according  to  his  own  judgment, 
nevertheless,  in  its  highest  development,  gearing  is  a 
subject  for  the  specialist,  and  the  most  economical  and 
satisfactory  service  will  be  obtained  from  gearing  which  has 
been  designed  by  engineers  with  an  adequate  background  of 
knowledge  and  experience. 

In  the  past,  gearing  has  been  regarded  by  machine 
designers  as  a  nuisance  to  be  avoided  wherever  possible  or 
to  be  handled  with  resignation.  In  recent  years  the  develop- 
ment of  gear  design,  and,  more  particularly,  the  develop- 
ment of  machinery  to  reproduce  the  design  accurately  has 
resulted  in  gears  being  used  to  a  much  greater  extent  than 
previously  and  for  more  particular  requirements.  It  is 
possible  to  interconnect  machines  by  means  of  gearing 
which  normally,  for  reasons  of  their  own  efficiency,  should 
run  at  different  speeds,  to  make  a  more  satisfactory  and 
economical    overall    installation    than    would    be    possible 
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if  a  compromise  in  speed  had  to  be  effected  between  the 
driver  and  the  driven  machines.  As  an  illustration  of  this, 
marine  propulsion  by  means  of  steam  turbines  is  today 
almost  exclusively  done  through  gearing.  The  large  and 
costly  low  speed  turbine  has  been  replaced  by  a  high  speed 
turbine  operating  at  its  normal  speed.  The  high  rotative 
speeds  used  in  propellers  driven  by  direct  connected  tur- 
bines have  also  been  abandoned  and  the  propellers  today 
operate  at  their  economical  speed  regardless  of  the  speed 
of  the  turbine.  Gearing  is  used  to  interconnect  water 
wheels  to  generators  and  pumps  so  that  the  two  individual 
machines  can  be  operated  at  their  most  economical  speed. 
In  view  of  the  extent  of  the  subject  this  paper  will 
be  confined  to  a  study  of  gearing  with  parallel  shafts  as  the 
general  problems  involved  are  common  to  other  types. 

Gear  Tooth  Forms 

The  first  problem  in  the  design  of  gearing  is  the  tooth 
form  which  the  gear  will  have  when  it  is  installed.  A 
thorough  discussion  of  the  various  curves  which  could  be 
used  would  take  too  much  time;  however,  an  attempt 
will  be  made  to  point  out  the  high  points  in  the  various 
systems  used  without  going  into  detail.  The  problem  in 
gearing  is  to  transmit  rotary  motion  from  one  shaft  to 
another,  usually  with  a  reduction  or  increase  of  speed,  but 
at  all  times  in  such  a  manner  that  the  angular  velocity  as 
against  time  is  a  constant  regardless  of  the  actual  teeth  in 
the  gear.  The  ideal,  of  course,  would  be  two  cylinders 
running  in  contact  with  gear  teeth  so  small  that  they  will 
practically  be  the  molecular  surface  of  the  two  cylinders. 
Such  an  arrangement  would  give  a  high  degree  of  accuracy 
but  would  transmit  little  load. 

Gear  tooth  forms  can  be  subdivided  into  two  types, 
those  having  symmetrical  action  on  each  side  of  the  pitch 
point,  which  is  the  point  of  tangency  between  the  two 
pitch  circles,  and  those  in  which  the  action  is  all  on  one  side 
of  the  pitch  point.  In  the  first  category  lie  practically  all 
gears  with  which  the  average  engineer  is  familiar,  and  only 
a  few  special  forms  are  now  made  of  the  other  type.  All 
systems  of  tooth  curvature  can  be  referred  back  to  a  theoret- 
ical rack  shape,  such  a  shape  being  the  ideal  rack  which 
would  mesh  with  the  gear  in  question.  The  theoretical  rack 
in  the  case  of  the  cycloidal  gear  would  have  curved  surfaces 
which  would  be  complements  of  each  other  above  and 
below  the  pitch  line.  This  rack  would  generate  a  form  of 
gearing  which  would  have  perfect  conjugate  action  only 
under  such  conditions  that  the  pitch  circles  were  truly 
tangential.  The  cycloidal  form  of  teeth  is  definitely  limited 
to  its  designed  centre  distance  and  any  departure  from  the 
exact  centre  distances  for  which  the  gears  are  constructed 
will  result  in  irregular  action,  noise,  and  rapid  wear  of  the 
gears.  The  involute  curve,  however,  which  is  generated 
by  a  rack  having  a  straight  side  will  operate  under  varying 
conditions  of  centre  distance  and  give  a  perfectly  regular 
tooth  action  at  varying  centres.  The  involute  curve  is  the 
only  curve  having  this  property  and  it  is  for  this  reason  that 
it  is  so  widely  used  in  modern  gearing.  It  is  possible  to  get 
involute  gearing  which  will  operate  correctly  on  any 
centres  from  the  point  where  the  teeth  interfere  on  the  back 
faces  out  to  the  point  where  the  teeth  barely  touch.  The 
regular  involute  action  and  the  theoretical  constant  trans- 
mission of  angular  velocity  will  not  be  lost.  It  is  possible 
to  cut  involute  gearing  of  widely  varying  shapes  with  the 
same  cutter  and  operating  with  widely  varying  pressure 
angles  which  will  be  perfectly  interchangeable  and  will 
operate  with  each  other  giving  perfect  tooth  contact  and 
angular  transmission  of  load.  As  an  illustration  of  this, 
Fig.  1  shows  four  gears,  all  of  which  are  of  the  same  out- 
side diameter  and  cut  with  the  same  cutter,  the  numbers  of 
teeth  varying  from  18  to  21  inclusive,  and  all  of  which  will 
mesh  and  operate  perfectly  with  each  other. 


In  the  unsymmetrical  group,  the  best  known  example 
is  the  Vickers-Bostock  type  of  gear  tooth,  which  is  widely 
used  in  turbine  reduction  gearing  in  England.  This  type 
of  gear,  due  to  the  concave  shape  of  the  teeth  in  the  gear, 
and  to  the  fact  that  the  pinion  teeth  gain  a  more  complete 
contact  with  such  a  gear  tooth  shape,  is  widely  used  where 
the  horsepower  to  be  transmitted  is  high.  This  type  of 
tooth  is  generated  by  a  rack  having  a  curved  sui-face,  all 
of  which  is  on  one  side  of  the  pitch  hne.     The  curved  sur- 


face of  the  rack  is  a  combination  of  involute  and  cycloidal 
curves,  and  theoretically  it  requires  two  racks,  one  of  which 
is  a  complement  of  the  other,  to  generate  the  surfaces  of 
the  two  gears.  Due  to  these  requirements,  this  system 
involves  excessive  tool  cost.  It  also  suffers  from  the 
disadvantage  that  the  gears  must  be  operated  on  exactly 
fixed  centres  for  perfect  tooth  action,  and  is  not  generally 
adopted  for  what  might  be  called  commercial  gear  reducers. 
The  load  carrying  capacity  of  gears  depends  largely 
on  the  curvature  of  the  tooth  surfaces  in  contact.  It  will 
be  obvious  that,  while  the  actual  contact  takes  place  on  a 
line  which  is  the  point  of  tangency  of  the  two  curves,  due 
to  the  elastic  deformation  of  the  materials  used,  the  contact 
is  actually  spread  over  an  area,  the  width  of  which  bears 
some  relation  to  the  degree  of  curvature  on  each  tooth  and 
to  the  load.  As  the  involute  curve  alters  its  radius  from  the 
base  circle  out,  the  rate  of  change  of  curvature  is  more 
rapid  adjacent  to  the  base  circle,  and  this  is  called  the 
"sensitive"  part  of  the  involute.  Not  only  is  the  rate  of 
change  of  curvature  sensitive  but  the  actual  radius  of 
curvature  at  this  point  is  much  smaller  than  further  out 
from  the  base  circle.  For  this  reason  there  has  been  a 
tendency  in  recent  years  to  depart  from  the  old  fashioned 
143/2-degree  pressure  angle  and  to  adopt  a  pressure  angle 
of  20  degrees  and  sometimes  more,  with  the  object  of 
achieving  contact  on  a  less  sensitive  part  of  the  involute 
and  where  the  radius  of  curvature  is  greater.  Of  course, 
the  use  of  a  larger  pressure  angle  increases  the  actual 
contact  load  due  to  the  fact  that  the  actual  load  contact 
between  the  teeth  is  proportional  to  the  diameter  of  the 
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base  circle  from  which  the  involute  is  struck  and  for  any 
given  pitch  diameter  the  base  circle  will  be  smaller  as  the 
pressure  angle  increases.  It  would  seem  to  be  ])oor  practice 
to  increase  the  load  by  the  use  of  a  larger  pressure  angle 
but  actually  it  is  advisable  to  do  so  to  obtain  a  nuich 
greater  increase  in  the  load  carrying  capacity  of  the  gear 
teeth  themselves  due  to  a  larger  aviM'age  radius  of  curva- 
ture. Another  consideration  which  is  of  inipoi'tance  is  the 
strength  of  the  teeth  themselves.  The  greater  pressui'c 
angle  gives  the  pinion  a  stronger  tooth  and  this  has  led  to 
the  use  of  higher  pressure  angles. 

Stronger  pinion  teeth  can  also  be  obtained  by  modifica- 
tion of  the  addendums  of  the  gear  and  pinion.  It  is  quite  a 
common  practice  among  gear  manufacturers  today  to  make 
the  addendum  of  the  pinion  longer  than  the  addendum  of 
the  gear.  This  results  in  a  stronger  pinion  tooth  and 
utilizes  the  involute  curve  further  away  from  the  base 
circle,  resulting  in  a  greater  average  radius  of  curvature  at 
the  points  of  contact.  From  practical  considerations, 
however,  considering  the  relationship  between  the  sliding 
and  rolling  contact,  the  modified  addendum  systems 
should  only  be  used  with  gears  having  efficient  lubrication, 
because  the  average  sliding  contact  as  compared  to  the 
rolling  contact  will  be  greater  with  the  enlarged  pinion 
than  with  the  older  type  of  symmetrical  gear.  For  this 
reason,  it  is  common  practice  to  recommend  the  symmet- 
rical type  with  equal  addendums  on  the  gear  and  pinion 
for  exposed  gearing  where  the  lubrication  tends  to  be 
inadequate,  and  to  use  the  modified  addendum  ratio  only 
in  cases  where  the  lubrication  will  be  perfect. 

Now  to  consider  the  various  forms  of  gears  such  as 
spur,  helical,  double  helical,  etc.  The  great  advance  in 
load  carrying  capacity  and  ciuietness  in  modern  gearing 
is  undoubtedly  due  to  the  development  of  the  machinery 
for  generating  the  various  forms  of  helical  gears.  A  pair 
of  spur  gears  with  teeth  parallel  to  their  axes  can  be  gener- 
ated to  give  an  absolutely  regular  transmission  of  angular 
velocity.  Theoretically,  however,  this  condition  can  only 
be  obtained  at  no  load  because  as  soon  as  the  gear  is  loaded 
the  teeth  themselves  deflect  and,  due  to  the  fact  that  in 
spur  gears  of  this  type  the  transmission  of  load  takes 
place  from  tooth  to  tooth  with  sometimes  only  one 
on    contact,    tooth    deflection    makes    it    impossible    to 


Both  these  teeth  are  for  a  12-tooth  pinion,  generated  to 
the  involute  curve  from  a  common  base  circle. 

A  is  the  usual  shape,  and  14' ^  degrees  pressure  angle. 

B  has  increased  addendum  and  increased  pressure 
angle,  and  uses  more  of  the  involute  curve  than  does  tooth 
A. 

Both  teeth  are  cut  by  the  same  cutter. 

obtain    the    theoretical    perfect    angular    transmission    of 
power  with  any  reasonable  loading  on  the  gear  teeth. 

In  some  of  the  more  highly  developed  types  of  spur 
gears  forms  of  teeth  are  used  today  having  a  modified 
tooth  shape  to  make  up  for  the  tooth  deflection,  but  such 
forms  are  a  compromise  and  can  only  be  generated  to 
transmit  power  uniformly  under  definite  set  conditions  of 
load.     It  is  for  this  reason  that  the  helical  gear  has  come 


into  its  own  in  recent  years,  although  high  grade  sj)ur  gears 
are  still  used,  and  always  will  be  used,  for  specific  purposes. 
Due  to  the  fact  that  the  load  per  tooth  varies  on  a 
spur  gear  as  it  is  transmitted  from  one  tooth  to  another,  the 
wear  also  varies  and  the  tenden(;y  foi-  the  spur  gear  is  to 
hjse  its  perfect  tooth  shape  from  wear.  The  old  idea  of 
running  a  pair  of  gears  together  to  run  them  in  was  wi'ong, 
the  (mly  wear  which  can  take  place  on  a  spur  gear  will  be 
in  the  direction  of  destruction  of  the  perfect  tooth  form  and 
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it  is  much  better  to  use  a  form  of  gearing  which  has  not 
this  disadvantage. 

Contrary  to  the  above,  helical  gearing,  when  properly 
designed  and  cut,  transmits  its  load  from  tooth  to  tooth 
with  practically  no  change  of  the  number  of  teeth  in  contact. 
As  a  result,  the  helical  gear  is  quiet  and  the  wear  from 
operation  shows  little  tendency  to  depart  from  the  true 
generated  shape. 

There  is  really  little  difference  in  action  between  the 
single  helical  and  the  herringbone  type  of  gear.  The  tooth 
overlap,  due  to  the  helix,  will  be  the  same  with  the  single 
helical  as  with  the  double  helical  if  the  helix  angle  on  the 
first  is  half  that  on  the  latter,  assuming,  of  course,  that  the 
face  widths,  tooth  proportions,  etc.  are  the  same.  The 
essential  difference  between  these  types,  however,  is  that 
for  practical  helix  angles,  the  single  helical  gear  develops 
thrust  which  must  be  taken  up  externally  to  the  gears. 
The  double  helical  or  herringbone  gear  counteracts  its  own 
thrust,  introducing  no  thrust  forces  to  be  taken  care  of  in 
the  gear  mounting.  It  would  appear,  therefore,  that  the 
only  practical  type  of  gearing  is  the  double  helical.  This  is 
not  the  case,  however,  because  the  problem  must  be  con- 
sidered in  its  entirety  and  often  the  designer  has  good 
reasons  for  using  the  single  helical  gear  so  as  to  give  the 
shafts  axial  freedom  to  take  care  of  external  thrusts  or 
movements  outside  the  two  gears  themselves.  It  is  often 
more  convenient  to  take  care  of  these  thrusts  externally 
to  the  gears  and  allow  some  axial  freedom  in  doing  so. 

As  an  instance  to  the  above,  there  is  the  case  of  a 
rolling  mill  drive  where  several  stands  are  to  be  driven  from 
tandem  gears  by  a  single  motor.  The  various  roll  stands 
are  usually  coupled  by  rather  crude  flexible  couplings  and 
any  or  all  of  these  stands  may  throw  considerable  end 
thrusts  back  to  the  shafts  carrying  the  gears.  Often  this 
thrust  would  l)e  sufficient  to  cause  severe  damage  if  trans- 
mitted through  the  gears  themselves.  In  the  case  of  a 
double  helical  gear  acting  under  heavy  thrust,  the  load  may 
frequently  be  many  times  the  transmitted  load  due  to  the 
axial  thrust  operating  to  push  one  helix  against  the  other, 
causing  contact  on  the  front  face  on  one  side  and  on  the 
back  face  on  the  other,  the  transmitted  load  in  this  case 
being  the  difference  between  the  loads.  Occasionally  the 
herringbone  gear  will  set  up  axial  vibration  under  these 
conditions  which  has  been  known  to  cause  rapid  destruction 
of  the  gears.  Single  spiral  gears  under  these  conditions 
have  stood  up  perfectly,  if  proper  provision  has  been  made 
to  take  the  thrust  in  the  bearings. 
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There  are  three  types  of  herringbone  gears  in  common 
use.  The  first  is  the  end  milled  gear,  as  made  by  Citroen  in 
France.  This  gear  suffers  from  the  disadvantage  that  it 
must  be  cut  with  a  form  cutter  and  is  not  generated.  The 
form  cutter  loses  its  shape  with  use  and  great  care  must 
be  exercised  in  the  grinding  and  in  using  the  cutter  to 
obtain  a  perfect  gear.  This  type  also  has  the  disadvantage 
that  at  the  apex  contact  between  the  two  gears  is  lost,  due 
to  the  difference  in  curvature  of  the  surfaces  of  the  teeth  in 
changing  from  one  helix  to  the  other. 


Fig.  4 — Single  Helical  Ring  Gear  for  Suction  Roll  Drive. 

A  more  common  type  of  herringbone  cut  on  a  hobbing 
machine  is  the  Wuest  gear.  This  gear  is  cut  by  hobs 
working  at  opposite  angles  and  usually  on  opposite  sides. 
This  produces  a  gear  which,  on  account  of  the  necessary 
clearance  between  the  hobs  at  the  centre,  has  a  gap  in  the 
middle,  this  gap  ranging  from  1  to  23/^  inches  or  more, 
depending  on  the  pitch.  This  type  of  herringbone  was  the 
first  type  for  which  generating  machinery  was  built  and 
came  into  general  use  about  1905. 

The  third  type  of  herringbone  gear  is  the  continuous 
tooth  with  a  closed  apex,  the  two  helices  meeting  in  a  plane 
which  leaves  the  corners  of  the  teeth  sharp.  This  gear  is 
the  more  modern  type  of  generated  herringbone  and  has  the 
advantage  of  a  greater  effective  face  width  and  a  certain 
amount  of  buttressing  of  the  teeth  in  the  middle,  due  to  the 
angle  at  which  the  helices  meet.  It  can  be  generated  on 
several  machines  of  modern  manufacture  and  be  cut  with 
great   accuracy. 

The  foregoing  mentions  several  different  types  of  gear 
cutting  systems  and  some  of  the  advantages  and  disad- 
vantages of  each  system  will  be  mentioned.  End  milling 
will  not  be  again  referred  to  because  this  type  of  gear  is 
not  generated  and  is  being  abandoned  where  more  accurate 
systems  are  available.  It  is  still  used,  however,  on  some 
pitches  which  are  too  large  to  be  cut  by  ordinary  generating 
machines. 

The  first  system  used  for  generating  gears  was  the 
hobbing  system.  This  system  uses  a  hob  with  straight 
sided  teeth  to  cut  the  involute  curve,  and  is  equivalent  to 
generating  an  involute  with  a  rack.  It  produces  a  high 
grade  gear.  The  proponents  of  the  hobbing  machine  point 
to  the  fact  that  the  indexing  on  their  machine  takes  place 
continuously  and  that  the  backlash  in  the  indexing  mech- 
anism has  very  little  effect  on  the  accuracy  of  the  gear. 
This  undoubtedly  is  true  but  the  hobbing  system  suffers 


from  a  few  disabilities.  The  circular  pitch  of  the  gears  can 
not  be  so  readily  controlled.  The  hob  has  a  fixed  pitch  and 
whenever  the  helix  angle  is  changed  by  shifting  the  hob  to 
a  different  angle  relative  to  the  axis  of  the  gear,  the  pitch 
of  the  gear  is  also  changed.  In  cutting  high  helix  angles, 
this  is  a  considerable  disadvantage,  as  is  also  the  fact  that 
with  the  higher  helix  angles  the  cutting  action  of  the  hob 
becomes  imperfect,  due  to  the  teeth  of  the  hob  travelling 
in  the  same  direction  as  the  surface  of  the  gear.  There  is 
therefore  a  limit  in  hobbing  to  the  useful  helix  angles  which 
can  be  obtained.  The  hobbing  process  is  not  as  adaptable 
as  some  of  the  other  gear  generating  systems  to  changes  in 
centres  which  are  often  very  useful  in  obtaining  the  exact 
ratio  desired. 

The  other  system  is  the  shaping  or  planing  system  in 
which  the  action  of  the  cutter  is  reciprocating.  This 
system  uses  two  different  types  of  cutters,  one  of  which  is 
roughly  in  the  shape  of  a  rack  and  the  other  in  the  shape  of 
a  pinion.  The  first  mentioned  type  of  machine  suffers 
from  some  of  the  disabilities  of  the  hobbing  process  in  that 
the  amount  the  gear  can  be  cut  differing  from  standard 
centres  to  obtain  adjustment  in  the  ratio  is  quite  limited. 
It,  however,  has  the  advantage  of  cheap  cutters  and  will 
generate  a  satisfactory  gear  using  normal  centres  and  helix 
angles.  The  type  of  machine  using  a  pinion-shaped  cutter 
has  the  great  advantage  that  gears  can  be  cut  of  a  wide 
range  of  pressure  angles  with  the  same  cutter.  The  four 
small  gears  in  Fig.  1  were  cut  with  this  type  of  cutter.  This 
latitude  of  cutting  is  not  possible  with  the  rack  type  of 
cutter.  This  feature  in  design  is  extremely  useful  and 
makes  possible  gears  of  a  wide  range  of  strengths  and 
adaptability  from  the  same  machine  with  the  same  cutters. 

A  word  should  be  said  at  this  point  as  to  the  various 
helix  angles  employed.     The  very  common  helix  angle  of 


Fig.  5— Generating  Double  Helical  Gear  20-Tooth  No.  2)4  D.P. 
18-inch  face  in  Sykes  machine. 

223^  degrees  was  principally  used  due  to  its  usefulness  on 
the  hobbing  machine  as  producing  a  gear  with  a  normal 
diametral  pitch  with  the  design  of  hob  then  in  use.  If 
the  problem  of  the  thrust  developed  by  the  helix  angle  is 
neglected,  which  can  be  done  with  the  herringbone  gear, 
the  highest  helix  angle  makes  the  smoothest  running  gear. 
There  are  cutting  difficulties,  however,  in  using  a  hehx 
angle  of  much  more  than  30  degrees  because  the  actual 
pressure  angle  at  which  the  teeth  contact  changes  with  the 
helix  angle  without  changing  the  contact  pressure  in  the 
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plane  of  rotation.  For  a  practical  purpose,  30  degrees 
appears  to  be  the  one  most  generally  used  and  is  a  good 
compromise  between  the  wide  helix  angle  for  smooth 
operation  and  the  smaller  helix  angle  for  ease  of  cutting. 
This  angle  of  30  degrees  has  been  adopted  by  several  larger 
manufacturers  of  gears  as  a  standard  and  is  coming  into 
still  more  general  use.  In  the  case  of  single  spiral  gears  one 
large  manufacturer  has  adopted  a  helix  angle  of  73^  degrees, 
claiming  that  at  this  angle  the  axial  thrust  is  negligible. 
However,  this  does  not  give  as  good  a  tooth  action  as  a 
wider  angle  and  for  small  gears  a  compromise  is  often 
adopted  of  15  degrees.  There  are  many  considerations 
when  deciding  on  the  helix  angle  for  any  particular  instal- 
lation. 

Materials 

Cast  iron  and  semi  steel  is  still  used  to  a  large  extent 
for  gearing  carrying  relatively  light  loads.  In  recent  years 
alloy  irons  have  been  developed  and  have  been  found 
serviceable  in  some  gearing  installations  to  replace  steel 
castings.  It  is  possible  to  produce  an  alloy  iron  having  a 
tensile  strength  equal  to  mild  steel,  a  Brinell  hardness  of 
300  to  350,  and  yet  which  can  be  cut  at  ordinary  cutting 
speeds  and  which  finishes  to  a  high  finish.  This  is  an 
excellent  iron  for  many  types  of  gearing  installations. 

Cast  iron  has  one  advantage  in  gearing  over  steel 
which  has  not  been  sufficiently  exploited.  The  modulus  of 
elasticity  of  iron  is  about  half  that  for  steel.  This  means 
that  under  the  same  load  the  teeth  on  an  iron  gear  will 
deflect  twice  as  much  as  the  teeth  on  a  steel  gear.  This 
becomes  of  great  importance  when  dynamic  forces  are  con- 
sidered, which  are  mainly  due  to  inaccuracies  in  cutting  of 
the  gear  teeth,  and  which  must  be  taken  up  by  the  gear 
tooth  deflection  because,  at  ordinary  speeds,  the  inertia 
forces  of  the  interconnected  loads  are  so  high  that  prac- 
tically speaking  the  gear  tooth  must  deflect  the  amount  of 
its  own  inaccuracy.  For  this  reason  iron  gearing  will  stand 
up  longer  than  steel  under  certain  conditions. 

However,  where  care  is  taken  in  the  manufacture  of 
the  gear  and  the  teeth  are  generated  with  a  high  degree  of 
accuracy,  the  use  of  steel  becomes  imperative  to  obtain  the 
maximum  load  carrying  capacity  of  the  gear  teeth.  It  is 
quite  common  to  use  .40  to  .50  carbon  forged  steel  in  the 
pinion  and  somewhat  lower  carbon  cast  steel  for  the  gear. 
It  is  a  bad  practice  to  run  wheels  of  the  same  grade  together 
and  many  failures  have  occurred  for  this  reason,  the 
failure  always  taking  place  in  the  pinion. 

In  recent  years  there  has  been  a  tendency  to  develop 
higher  load  carrying  capacities  in  gearing  by  the  use  of 
alloy  steels;  a  useful  combination  being  an  S.A.E.  3140 
nickel  chrome  steel  in  the  pinion,  heat  treated  to  the 
hardest  condition  that  can  be  cut  on  the  gear  generating 
machine,  running  with  a  cast  steel  of  approximately  .40 
carbon  content  and  using  a  small  amount  of  manganese  in 
the  steel  casting.  This  combination  is  common  and  pro- 
duces a  pair  of  gears  of  about  the  highest  load  carrying 
capacity  which  it  is  possible  to  get  unless  the  gears  are 
hardened  after  they  are  cut.  This  type  of  gearing  is  called 
the  heat  treated  gearing. 

Several  systems  of  hardening  are  in  vogue,  case  hard- 
ening being  probably  the  most  used  and  an  oil  or  water 
hardened  high  alloy  being  a  close  second.  Both  these 
systems  produce  a  hard,  tough  gear  but  one  which  suffers 
from  a  certain  amount  of  distortion  in  the  hardening.  This 
distortion  can  be  quite  serious  in  large  gears. 

Quench  hardening  of  high  carbon  or  alloy  steels 
suffers  from  the  same  disadvantage.  In  helical  gears  there 
is  a  tendency  for  the  helix  angle  to  change  in  hardening  due 
to  the  tension  developed  in  the  gear  teeth  themselves 
twisting  the  blank  while  in  a  plastic  state.  It  is  a  common 
procedure  for  automobile  manufacturers  to  generate  their 
gear  blanks  of  a  modified  helix  angle  which,  when  it  is  dis- 


torted in  the  hardening  operation,  produces  the  required 
helix  angle  to  mesh  with  the  other  gears  in  the  gear  set. 
This,  of  course,  has  to  be  done  by  trial  and  error  and  is 
only  practical  as  in  the  case  of  automobile  gears  where  a 
large  number  are  to  be  made  from  one  design  and  one 
specification. 

It  can  be  seen,  therefore,  that  the  hardened  gear  is  not 
the  cure-all  for  gear  troubles.  It  is  extremely  useful  in  the 
case  of  such  gears  as  can  be  produced  in  quantities  or  for 


Fig.  6 — ^Torch  Hardening  Macliine. 

some  types  of  speed  reducers  which  are  produced  in  suf- 
ficient quantities  to  make  the  correction  of  the  hardening 
troubles  feasible.  A  great  deal  can  be  done  in  this  connec- 
tion with  tooth  form  grinding  and  lapping  and  various 
systems  of  lapping  and  grinding  are  being  used  in  gear 
manufacturers  plants  to  correct  tooth  distortion  of  this 
kind. 

A  hardening  system  has  recently  been  developed  which 
for  certain  classes  of  work  has  none  of  the  disadvantages 
mentioned  above.  This  is  the  torch  or  flame  hardening 
process,  where  the  surfaces  of  the  teeth  themselves  are  hard- 
ened but  the  main  body  of  the  gear  and  even  the  core  of  the 
teeth  are  not  affected.  With  this  type  of  hardening,  dis- 
tortion can  be  held  to  a  minimum,  and  it  is  doubtful  if  any 
distortion  at  all  is  present.  It  is  possible  to  get  a  hardness 
with  the  torch  hardening  process  utilizing  suitable  steels  of 
600  Brinell,  which  is  somewhat  higher  than  the  generally 
considered  useful  maximum  hardness.  The  problem  in 
tooth  hardening  of  gears  is  not,  as  has  been  generally  sup- 
posed, to  obtain  the  hardest  possible  surface.  The  failure 
of  a  gear  usually  takes  place  from  fatigue  below  the  actual 
surface  of  the  tooth.  This  is  due  to  the  rolling  action  of 
one  tooth  on  the  other  and  results  in  pitting  of  the  surface 
of  the  teeth.  This  has  been  investigated  from  a  theoretical 
standpoint  and  has  proved  to  be  due  to  fatigue  in  shear  of 
the  material  itself  below  the  surface  of  the  teeth.  It  is 
well  known  that  the  hardest  materials  are  not  those  pos- 
sessing the  highest  fatigue  values  and,  as  in  this  case 
fatigue  strength  is  of  more  value  than  actual  hardness,  it 
is  coming  to  be  recognized  by  gear  specialists  that  a  hardness 
for  the  individual  steel  above  the  maximum  fatigue  value 
is  useless  and  is  actually  detrimental. 

Professor  Buckingham  in  his  tests  on  gears  under 
running    conditions    at    the    Massachusetts    Institute    of 
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Technologj^  has  reported  that  while  his  test  results  are 
incomplete,  he  finds  that  gears  hardened  to  the  extreme, 
such  as  nitrided  gears,  have  a  lower  load  carrying  capacity 
than  gears  hardened  by  a  process  which  gives  a  lower 
Brinell  value  but  more  toughness. 

Load  Capacity 

Until  a  few  years  ago  the  most  common  formula  used 
in  determining  the  horsepower  carrying  capacity  of  a  pair 
of  gears  was  the  Lewis  formula,  which  was  developed  to 
determine  the  strength  of  the  gear  teeth.  This  formula  has 
been  abandoned,  however,  for  purposes  of  tletermining 
horsepower,  as  the  strength  of  the  teeth  usually  has  little 
to  do  with  the  failure  of  the  gear.  Formulae  have  been 
developed  based  on  a  wear  life  only  and  neglecting  the 
tooth  strength.  Tooth  strength  will  always  be  a  factor, 
however,  and  the  Lewis  formula  is  still  used  in  checking 
the  strength  of  the  teeth  where  conditions  of  abnormal 
shock  or  heavy  momentary  loads  have  to  be  encountered. 

In  considering  the  wear  life  of  gears,  one  must  first 
know  the  actual  loading.  A  valuable  contribution  on  the 
actual  loading  taking  place  between  the  teeth  of  a  pair  of 
gears  has  been  published  by  a  Committee  of  the  American 
Society  of  Mechanical  Engineers  and  is  based  on  a  series 
of  tests  extending  over  a  period  of  five  years  on  actual  pairs 
of  gears  run  to  destruction.  From  the  results  of  these  tests 
the  committee  has  developed  a  formula  from  which  can 
be  estimated  the  actual  dynamic  loading  which  a  pair  of 
gears  is  capable  of  transmitting.  Tests  have  been  run  on 
spur  gears  exclusively  and  the  gear  industry  is  awaiting  with 
much  interest  the  results  on  further  tests  on  the  same 
machines  utilizing  helical  gears. 

Dynamic  loading  is  always  present  in  the  case  of  spur 
gears  but  it  is  generally  considered  that  the  use  of  helical 
gearing  reduces  the  dynamic  forces  to  such  an  extent  that 
they  can  be  neglected.  No  accurate  data  is  available, 
however,  to  support  this  contention  and  the  dynamic  loads 
to  be  met  with  helical  gearing  are  still  indeterminate. 

An  interesting  paper  was  read  by  Mr.  W.  P.  Schmitter 
before  the  A.G.M.A.  Annual  Convention*  last  spring  on  the 
theoretical  considerations  of  contact  between  the  surface 
of  the  teeth  of  a  pair  of  helical  gears  entitled  "Helical  and 
Herringljone  Speed  Reducer  Ratings."  This  is  a  step 
forward  in  the  available  data  on  the  subject,  but  the 
formulae  developed  are  rather  cumbersome  to  utilize  in 
everyday  work.  Formulae  have  been  developed,  however, 
from  actual  known  cases  of  success  and  failure  extending 
over  many  years  and  which  are  serviceable  for  every  day 
use.  Practically  all  manufacturers  of  herringbone  and 
helical  gearing  use  these  simple  formulae.  The  following  is 
a  formula  very  generally  used  for  the  horsepower  capacity 
of  helical  gearing. 


Pinion  Steel 


Material  Factor 
Gear  Steel 


H.P.  Formulae 


H.P.  = 


1260 


P 

WD 


lOOXBX^'XC 


D  =Diam.  of  pinion  in  inches. 
W  =  Face  width  in  inches. 
N  =R.F.M.  of  Pinion. 
P  =  Total  pitch  line  load. 


B  =  Velocity  factor. 
S  =  Material  factor. 
C  =  Service  factor. 


Pitch  Line  Speed 
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Alloy  steel  hardened  500  BHN 
500      " 


.30  Carbon  cast  steel 
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.50-C  Med.  mang.  cast  steel 

.50-C  Steel  hardened  400  BHN. 


1 

1.2 

1.4 

2 

2.5 


Service  Factor 

24-hr. 
Contin- 

"C" 
10-hr.          1-5  hr. 
Contin-        Inter. 
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Character  of  Loads 
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Heavy  duty  starting  condi- 
tions full  motor  overloads 
and  shock 
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.6 

.8 

1 

Heavy  starting  loads 
Average  run  motor  ratings .  .  . 

.6 

.8 

1 

1.25 

Medium  starting  loads 
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.8 
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1 
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2 

*American  Gear  Manufacturers  Assn.,  Meeting  May  3-5,  1934. 


Spur  gear  rating 8 

Open  gear  rating 8 

Speed  increasers Special 

In  the  development  of  this  formula  it  has  been  assumed 
that  the  horsepower  capacity  of  a  pinion  is  directly  pro- 
portional to  the  diameter  and  face  width.  While  this  may 
not  be  strictly  true  in  all  cases,  it  is  approximately  true  in 
the  great  majority  of  gear  designs  and  has  good  theoretical 
backing  to  recommend  it.  The  modification  factors  for 
velocity  service  and  material  are  important.  The  velocity 
factor  is  introduced  to  take  care  of  dynamic  loads  which 
are  accentuated  by  higher  speeds.  The  service  factor  is 
introduced  to  take  care  of  applied  loads  exterior  to  the 
gear  and,  to  a  certain  extent,  of  the  endurance  capacity  of 
the  gears.  The  material  factor  is  self-explanatory.  The 
service  factor  is  the  most  important  one  to  be  considered  in 
the  use  of  this  formula.  The  reason  for  this  is  that  the 
other  factors  such  as  velocity,  material,  etc.  can  generally 
be  determined  by  the  gear  designer  but  he  must  use  his 
judgment  to  estimate  the  service  the  gear  has  to  meet  in 
use.  The  practical  horsepower  capacity  of  a  gear  set  may 
vary  over  a  range  of  500  per  cent,  from  extremely  severe 
service  conditions  such  as  a  rolling  mill  drive  to  light  inter- 
mittent duty  such  as  the  operating  gear  of  a  valve.  To 
rate  a  gear  set  for  a  given  horsepower  at  a  stated  ratio  and 
speed  and  neglect  the  service  factor,  is  just  as  foolish  as  to 
say  that  an  athlete  who  can  run  100  yards  in  ten  seconds 
can  keep  up  the  same  rate  of  speed  all  day.  In  either  case 
fatigue  is  neglected  which,  while  it  would  not  occur  as 
quickly  in  a  gear  set  as  in  the  case  of  the  athlete,  will  be 
just  as  certain.  It  is  interesting  to  note  that  automobile 
gearing,  which  is  probably  the  most  highly  developed 
gearing  in  general  use,  is  designed  to  be  adequate  without 
being  unnecessarily  large.  It  is  rarely  called  upon  to  trans- 
mit full  engine  power  for  more  than  a  few  seconds  at  a 
tinie  and  in  fact  the  gearing  in  common  use  on  trucks  has 
a  life  of  only  about  five  hours  at  full  engine  power  with  low 
gear  engaged  yet  failures  in  normal  service  are  exceedingly 
rare.  It  would  be  uneconomical,  in  view  of  the  low  per- 
centage of  failures,  to  build  such  gears  with  a  full  load  life 
expectancy  of  even  a  week  on  continuous  running  because 
this  condition  would  never  occur. 

The  service  factor  in  the  design  of  gearing  is  of  prime 
importance  and  the  factors  shown  on  the  attached  chart 
can  be  used  as  a  guide  but,  however,  could  be  extended  or 
reduced  at  the  discretion  of  the  designer  within  certain 
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limits.  1  hose  shown  are  for  the  ordinary  run  of  commercial 
gearing  but  for  high  speeds,  and  particularly  for  speed 
increasers,  the  factor  will  generally  be  below  the  .45  shown 
as  the  minimum.  For  intermittent  duty,  or  where  the  life 
is  not  important,  the  factor  can  be  extended  beyond  the 
value  of  2  shown. 

For  a  quick  check  on  horsepower  capacity  of  gearing, 
the  simplest  formulae  is  the  following: 


WD 


=  lOOX  B  X  S  XC 


This  formula  means  that  the  total  pitch  line  load 
divided  by  the  face  width  and  the  diameter  of  the  pinion 
is  equal  to  100  times  the  various  factors  shown.  The  value 
P/WD  should  be  not  more  than  50  for  high  speed  gears, 
increasers,  and  heavily  loaded  drives;  100  for  the  ordinary 
type  of  commercial  speed  reducers  and  all  the  way  up  to 
1500  for  such  gears  as  the  drive  gears  for  the  propellers  of 
an  airplane  which  are  made  of  extremely  good  material, 
hardened  to  the  extreme,  and  lapped  to  the  maximum 
accuracy  possible,  and  where  the  life,  in  any  case,  is  limited 
to  a  certain  number  of  hours  of  engine  operation. 

Any  formula  or  expression  is  proposed  for  guidance 
only,  and  to  assure  that  the  recommendations  of  the 
designing  engineer  will  be  consistent  and  conservative. 
The  specification  covering  the  gear  set  must  be  tempered  by 
his  experience,  his  sense  of  proportion  and  his  good  judg- 
ment, just  as  with  the  design  of  any  other  piece  of  equip- 
ment. 

An  attempt  has  been  made  to  put,  in  their  simplest  form, 
the  two  most  useful  formulae  used  today  in  designing  gears. 
Many  other  considerations,  however,  have  to  be  borne  in 
mind.  These  formulae  are  generally  based  on  the  assump- 
tion that  the  ratio  would  be  about  5:1,  and  it  will  be  found 
that  for  low  ratios  such  as  a  1:1  drive,  considerable  modifi- 
cation would  have  to  be  made  because  the  assumption  that 
the  horsepower  capacity  is  proportionate  to  the  diameter 
of  the  pinion  would  obviously  not  hold  good  in  this  case. 
It  is  usual  to  assume  that  spur  gears  have  approximately 
80  per  cent  of  the  value  shown  on  the  above  formulae  which 
have  particular  reference  to  herringbone  and  helical  gears. 

Consideration  must  also  be  given  to  lubrication  and 
these  formulae  should  not  be  used  for  anything  but  gears 
operating  under  perfect  conditions.  For  exposed  gears  a 
considerable  modification  would  have  to  be  made. 

Gear  Mounting 

The  mounting  of  the  gearing  is  another  important 
subject  as  for  best  results  gearing  must  always  be  mounted 
on  fixed  centres  and  by  means  of  bearings  and  shafts  which 
will  not  deflect  and  throw  the  gears  out  of  line  under  load. 
It  will  be  obvious  that  if  one  of  the  shafts  deflects,  the  tooth 
contact  will  be  made  on  the  corners  of  the  teeth  and  the 
surface  in  contact  will  be  rapidly  destroyed  from  over- 
loading. The  highest  development  of  gearing  utilizes  the 
enclosed  gear  cases  with  high  grade  sleeve  or  roller  bearings 
mounted  on  the  shafts  as  close  as  possible  to  the  gears  and 
with  adequate  lubrication  for  the  teeth. 

The  use  of  roller  bearings  is  becoming  general  in  gear 
mountings  even  in  the  case  of  large  rolling  mill  drives  on 
account  of  the  benefits  from  such  mounting  in  that  the 
gears  are  always  held  to  exact  fixed  centres  and  that  the 
axes  of  rotation  of  the  two  gears  is  always  held  parallel. 
Roller  bearings  are  an  extremely  useful  type  of  bearing  and 
the  writer  knows  of  only  one  application  where  a  sleeve 
bearing  would  be  preferable,  namely,  in  extremely  high 
speed  gearing  where  the  noise  due  to  a  roller  bearing 
mounting  transmitting  the  gear  vibration  to  the  case 
becomes  extremely  annoying.  Theoretically  it  is  possible 
to  cut  a  pair  of  gears  which  will  operate  noiselessly  but 
practically  speaking  all  commercial  cut  gears  will  make  a 


certain  amount  of  noise  in  operation.  This  noise  is  accen- 
tuated by  high  speed  operation  and  where  roller  bearings, 
with  their  metal  to  metal  contact,  are  used  under  these 
conditions,  the  whole  set,  although  it  may  be  a  perfectly 
satisfactory  machine  from  a  life  point  of  view,  is  likely  to 
be  extremely  noisy.  For  this  reason  it  is  usual  t(j  use  high 
grade  self-aligning  sleeve  bearings  for  these  conditions. 

Lubrication 
The  subject  of  lubrication  is  one  that  can  be  treated  in 
several  different  ways.     The  object,  of  course,  is  to  main- 
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Fig.  7--Drive  Gears  for  a  6 -foot  by  5 -foot  Ball  Mill. 

tain  an  oil  film  between  the  teeth  of  the  gear  at  all  times 
so  that  actual  metal  to  metal  contact  does  not  take  place. 
The  design  of  the  teeth  has  some  bearing  on  the  ability  of 
the  oil  to  lubricate  the  gears  properly. 

As  mentioned  previously  one  of  the  reasons  for  the 
use  of  the  modified  addendum  for  enclosed  gearing  is  to 
increase  the  contact  on  the  arc  of  recession,  that  is,  where 
the  teeth  are  drawing  apart,  and  to  decrease  the  contact  on 
entrance.  The  reason  for  this  is  that  where  the  teeth  are 
entering,  the  tip  of  one  tooth  has  a  tendency  to  scrape  off 
the  oil  from  the  flank  of  the  mating  tooth.  This  occurs  up 
to  the  point  where  the  pitch  point  is  crossed.  After  the 
pitch  point,  the  direction  of  slide  of  one  tooth  on  the  other 
is  reversed  and  the  slide  takes  place  with  more  of  a  wiping 
action,  which  has  a  tendency  to  retain  the  oil  between  the 
surfaces  rather  than  scrape  it  away.  For  this  reason  the 
teeth  of  the  pinion  are  usually  lengthened  and  the  teeth  of 
the  gear  shortened,  or,  as  it  may  be  termed,  the  addendum 
ratio  of  pinion  to  gear  is  increased. 

If  you  will  observe  the  Vickers  Bostock  gear  you  will  note 
that  the  contact  is  all  on  the  recession  side  of  the  pitch  point, 
the  lubrication  is  very  efficient  and  this  accounts  to  a  large 
extent  for  the  excellent  operating  characteristics  of  these 
gears.  For  this  reason  also  it  is  usual  in  the  case  of  a 
stepped  up  ratio,  or  an  increaser,  to  reverse  the  ratio  of 
addendums,  making  the  addendum  of  the  gear  greater  than 
the  addendum  of  the  pinion,  which  has  the  effect  of  increas- 
ing the  arc  of  recession  again  at  the  expense  of  the  arc  of 
entrance. 

Many  different  types  of  oils  are  utilized  in  the  lubrica- 
tion of  gears.  In  general  it  can  be  said  that  the  heaviest  oil 
which  can  be  carried  into  the  tooth  mesh  without  excessive 
heating  from  churning  will  be  the  best  for  the  lubrication 
of  the  gears.  Some  special  oils  have  been  developed  having 
a  greater  stickiness  than  normal  oils  of  the  same  body  for 
gear  lubrication  and  these  are  undoubtedly  extremely 
useful.    In  the  past  few  years  another  grade  of  oil  has  been 
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developed  called  the  E.P.  (extreme  pressure)  oil.  This  oil 
is  usually  combined  with  some  compound  which  produces 
a  very  hard  coating  on  the  surface  of  the  teeth  themselves 
due  to  a  combination  of  the  oil  with  the  steel  of  the  gear. 
This  oil  has  been  extremely  useful  and  was  developed  to 
increase  the  load  carrying  capacity  of  automobile  gears, 
where  the  whole  tendency  seems  to  be  to  make  the  engines 
of  more  and  more  power  while  keeping  the  gears  of  ap- 
proximately the  same  size  for  purposes  of  road  clearance. 
To  date,  however,  this  oil  has  not  been  used  to  any  great 
extent  in  commercial  gearing.  It  has  no  value  whatever 
in  increasing  the  resistance  of  the  pair  of  gears  to  pitting 
from  fatigue,  and  as  this  type  of  failure  is  usually  the  first 
sign  of  failure  from  overloading,  the  use  of  the  E.P.  oils, 
with  an  increase  in  load  carrying  capacity,  does  not  seem 
to  be  advisable,  at  least  until  more  is  known  about  the 
subject. 

In  lubricating  a  speed  reducer  it  is  usually  necessary  to 
use  an  oil  which  will  also  be  suital)le  for  the  bearings.  In 
the  case  of  roller  bearings  this  pi'csents  no  difficulty 
because  any  oil  which  is  satisfactory  for  gearing  will  be 
satisfactory  for  the  roller  bearings,  provided  they  are  fed 
with  the  required  amount  regularly.  In  the  case  of  plain 
bearing  speed  reducers,  however,  the  heavy  oil  suitable  for 
the  gears  is  not  always  suitable  for  the  bearings,  which 
might  be  ring  or  collar  oiled,  and  it  becomes  necessary  to 
provide  a  gear  case  with  two  different  oiling  systems  which 
must  be  kept  apart  to  prevent  the  contamination  of  one  oil 
by  the  other.  This  presents  considerable  difficulty  in  the 
use  of  such  bearings  for  heavy  duty  gearing.  As  to  lubri- 
cating systems,  it  is  generally  considered  that  up  to  a  pitch 
line  speed  of  2,500  or  3,000  feet,  splash  lubrication  is  per- 
fectly satisfactory.  Above  this  range  of  speed,  spray  lubri- 
cation becomes  necessary,  involving  the  use  of  an  oil  pump 
with  sprays  to  feed  the  mesh  of  the  gears  with  an  adequate 
supplj^  of  lubricant.  Generally  speaking,  for  the  higher 
speeds,  a  cooler  is  also  essential  because  the  heat  radiating 


capacity  for  all  gear  boxes  of  extremely  high  speeds  will  be 
inadequate  to  dissipate  the  heat  generated.  In  utilizing 
splash  lubrication,  it  is  advisable  not  to  dip  the  gears  too 
far  into  the  oil.  Cases  have  occurred  where  a  gear  case  was 
running  hot  and  the  user  kept  adding  oil  with  the  result 
that  the  gear  case  ran  hotter,  due  to  churning  of  the  oil. 
No  definite  rules  can  be  laid  down  as  to  the  amount  the 
gears  should  dip  into  the  oil  because  this  will  vary  con- 
siderably with  the  speed  and  with  the  body  of  the  oil.  It 
is  only  necessary  to  dip  the  gear  sufficiently  to  carry  an 
adequate  supply  of  oil  into  the  mesh.  Anything  more 
than  this  results  in  a  useless  waste  of  power  in  churning 
the  oil. 

In  considering  the  advisability  of  cooling  in  speed 
reducers,  it  is  interesting  to  note  that  the  modern  gearing 
utilizing  herringbones  or  spiral  types  of  gears  cut  on  a 
generating  system  with  extreme  accuracy  and  adequate 
lubrication  operates  at  efficiencies  of  about  98  per  cent. 
Cases  have  been  known  on  actual  test  where  gears  of  this 
type  have  developed  an  efficiency  of  over  99  per  cent.  The 
amount  of  heat  to  be  dissipated  is,  of  course,  proportional 
to  the  drop  in  efficiency  in  the  gear  set,  and  this  must  be 
dissipated  into  the  surrounding  air  by  the  surface  of  the 
gear  case. 

Conclusion 

The  statements  made  in  the  foregoing  are  what  are 
generally  conceded  to  be  the  best  conclusions  that  can  be 
drawn  from  empirical  and  theoretical  data  available.  There 
is  no  doubt,  however,  that  with  the  furthering  of  the 
knowledge  on  gearing,  and  with  more  tests,  considerable 
modification  will  have  to  be  made  in  the  various  conclusions 
drawn.  In  any  case  there  is  no  question  but  that  modern 
gearing  is  an  extremely  efficient  and  useful  mechanism. 
The  various  uses  to  which  it  is  being  put  are  ever  being 
extended  and  engineers  in  general  are  coming  to  have  more 
confidence  in  this  type  of  mechanism. 


DISCUSSION 


C.  D.  Bailey,  a.m.e.t.c.^ 

This  paper  is  of  great  interest,  because  of  its  broadly 
informative  character  and  the  intensive  development  pro- 
ceeding in  gear  engineering. 

Our  present  conception  of  gear  teeth  is  that  of  an  elastic 
mechanism,  sustaining  and  transmitting  loads  of  orders 
and  at  speeds  which  permit  of  only  the  most  refined  geo- 
metric forms. 

In  the  area  of  the  overlap  of  the  pinion  on  the  gear, 
which  may  be  called  the  mesh,  there  is  a  balanced  system 
of  forces  caused  by  the  total  dj^namic  load.  This  dynamic 
load  has  two  components: — 

(a)  The  useful  transmitted  load; 

(b)  The  increment  load. 

This  increment  load  is  the  sum  of  the  effect  of  the 
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vibrations    system    of    the    mechanism    and    the 

resistance    of   the    inertia    forces    to    changes    of 

velocity  induced  by  errors  of  the  gear  tooth  forms. 

It  is  proposed  to  outline  the  development  of  a  gear 

system  wherein  this  increment  load  has  been  reduced  by 

greater  potential  accuracy  of  form,  and  whose  transmission 

capacity  has  been  added  to  by  a  reasoned  selection  of  that 

portion   of  the   involute   curve   which   forms  the  working 

profile. 

Desckiptiox  ok  iSysstem 

A  review  of  conditions  existing  five  years  ago  revealed 
that  while  the  standard  systems  had  excellent  properties  in 
certain  ranges,  the  effects  and  appearance  of  undercut 
teeth  were  objectionable;  that  gears  were  noisy  and  that 
they  showed  excessive  wear. 

A  decision  to  improve  matters  determined  that  a 
replacing  system   would   include   shapely  tooth   forms   of 
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balanced  strength,  with  favourable  rolHng  and  sliding 
action,  and  that  the  tooth  form  would  be  modified  to 
preclude  interference. 

The  principle  of  universal  interchangeability  was 
abandoned.  Centre  distances  proportional  to  the  number 
of  teeth  in  a  pair  were  retained. 

Tooth  forms  would  be  involute  and  would  all  be 
generated  from  the  same  basic  rack.  The  number  of  teeth 
in  the  smallest  pair  would  be  42,  infrequent  smaller  pairs 
being  embraced  by  a  subsequent  extension  of  the  system. 
The  smallest  pinion  would  have  10  teeth  and  the  maximum 
ratio  of  addendum  to  dedendum  would  be  3  to  1. 

The  operating  pressure  angle  of  20  degrees,  constant  by 
virtue  of  standard  centre  distances,  was  selected  when  com- 
parative analysis  indicated  its  greater  possibilities. 

The  critical  10-tooth  pinion  for  the  smallest  pair  of 
42  teeth  was  then  designed  by  including  the  most  suitable 
portion  of  the  involute  between  the  limits  of  undercut 
radius   R  cos'^  a  —  f  and   the   radius   at   which    the   tooth 

became  pointed  R^  =  .     This     was     obtained     by 

cos  ai 

means  of  an  outward  radial  shift  of  tooth  profile  on  the 
pinion  and  a  corresponding  inward  radial  shift  on  the  gear. 
The  10-tooth  pinion  was  then  meshed  with  the  next 
larger  gear — 33  teeth — then  34  teeth,  and  so  on,  and  as  the 
gear  increased  the  practicability  of  increased  shift  was 
utilized  until  the  10-tooth  pinion  meshed  with  a  35-tooth 
gear  when  the  3  to  1  maximum  ratio  of  addendum  to  deden- 
dum was  reached  after  which  this  maximum  shift  was 
constant  on  all  succeedingly  larger  gears.  The  same 
method  was  followed  on  the  11-,  12-.  13,- 14-,  and  15-tooth 
pinions,  meshing  them  with  first  their  smallest  gear,  31  tooth 
with  the  11-tooth  pinion,  30  on  the  12-tooth,  and  so  on, 
then  with  gradually  increasing  gears  until  the  maximum 
shift  was  reached  then  continuing  this  shift  unaltered  for 
all  larger  gears.  When  the  16-tooth  pinion  meshed  with  the 
40-tooth  gear  this  progressive  correction  was  arrested  some- 
what before  the  maximum  correction  was  reached ;  because  of 
extremely  favourable  contact  conditions.  This  followed 
with  the  other  larger  pinions — 17,  18,  19,  20  and  21  teeth. 
The  21-tooth  wheels  were  the  smallest  equal  wheels  by  the 
minimum  limit  of  42  and  were  identical  by  symmetry. 


The  corrections  or  shifts  of  profile  were  then  averaged 
using  Buckingham's  method  of  arbitary  increments, 
twenty-five  steps  of  .02  giving  the  maximum  correction 
and  the  correction  of  any  pair  being  .02  (N  —  n),  or  if  the 
gear  had  more  than  40  teeth,  .02  (40  —  n),  where  A''  =  number 
of  teeth  in  gear  and  n  =  number  of  teeth  in  pinion. 

Quality  ok  Contact 

During  these  selections  of  profile  certain  criteria  of 
quality  were  established  to  govern  judgment  and  to  main- 
tain it  consistently. 


They  consisted  of: 

(a)    Duration  of  contact. 

(&)    Sliding  and  rolling  properties. 

(c)  Minimum  radius  of  curvature. 

(d)  Strength  of  form. 

Duration  of  Contact 

The  common  tangent  to  the  base  circles  of  the  pinion 
and  the  gear  is  the  locus  of  the  point  of  contact.  Theoret- 
ically, contact  begins  at  "^"  and  ends  at  "C"  If  we  take 
the  line  AC  and  superimpose  it  on  either  of  the  base  circles 
the  arc  it  will  cover  will  be  the  arc  of  contact  and  its  length 
divided  by  the  normal  pitch  will  be  the  duration  of  contact 
expressed  in  tooth  intervals.  The  arc  AB  will  be  the  arc  of 
approach  and  the  arc  BC  will  be  the  arc  of  recess. 

The  value  of  long  duration  of  contact  lies  in  the  con- 
dition of  distribution  of  load  among  a  greater  number  of 
teeth,  in  the  reduction  of  load  imposed  near  the  root  and 
near  the  tips  of  the  teeth,  and  in  the  consequent  smooth- 
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Fig.  3— Table  of  Shifts  "C"  for  Gear  and  Pinion  for  No.  1  D.P. 

Outside  diameter  of  Gear      =  Pitch  diameter  -|-  2.00  inches  —  2  V. 
"  "         of  Pinion  =      «  "  +  2.00  inches  +  2  C. 
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ness  of  transfer  of  load.  For  any  kind  of  transmission  of 
power,  the  duration  of  contact  must  exceed  1.0  tooth  inter- 
vals; should  exceed  1.35  tooth  intervals,  and  in  the  system 
being  described  is  never  less  than  1.44  tooth  intervals. 

From  Baud  and  Peterson  1929: — ■ 

When  D  =  Duration  of  contact  of  1  —  2  tooth  intervals. 

One  pair  of  teeth  sustain  load  (7^  ~  1  I  of  time. 


/o 


Dis£f^SAae 


Fig.  5— Typical  Variations  in  Load  on  Contact  Point  as  it 
Proceeds.Through  Mesh. 


Pitch  Po/^t. 


Ojtsid£  Cz/zccS 


P/^o^jL£. 
Fig.  6— Graph  of  Slide. 

Two  pairs  of  teeth  sustain  load  I  2  —  yr  I  of  time. 
When  D  =  Duration  of  contact  2  —  3  tooth  intervals. 
Two  pairs  of  teeth  sustain  load  2  1^—  1  I  of  time. 

Three  pairs  of  teeth  sustain  load  3  (  1  —  -^  j  of  tin:e. 


Sliding  and  Rolling 

In  involute  tooth  action  when  engagement  takes  place 
near  the  pinion  base  circle,  a  relatively  long  arc  of  the  gear 
tooth  contour  slides  over  a  very  short  arc  of  contour  of  the 
pinion  tooth.  When  contact  has  progressed  to  the  pitch 
point  the  radii  of  the  arcs  in  contact  are  proportional  to 
the  gear  ratio  and  a  purely  rolling  action  is  simulated.  As 
contact  proceeds  into  the  arc  of  recess  the  increasingly 
greater  arcs  of  contour  of  the  pinion  tooth  slide  over  the 
(lecreasing  arcs  of  the  gear  tooth  so  that  the  direction  of 
sliding  changes  and  its  amount  increases  to  the  point  of 
disengagement. 

The  specific  sliding  is  the  amount  of  sliding  per  unit 
length  of  the  arc  of  profile  on  which  the  sliding  occurs  and, 
while  unimportant  by  itself,  it  is  essential  that  its  change 
along  the  tooth  profile  be  gradual.  Abrupt  change  in  the 
graph  of  the  value  shows  sensitivity  of  form  and  may 
indicate  difficulty  of  lubrication  of  the  tooth  form  in 
service. 

Minimum  Radius  of  Curvature 

This  important  length  is  the  least  radius  of  the  involute 
of  any  working  profile  in  the  mesh.  When  engagement 
takes  place  near  the  base  circle  it  is  short  and  rapidly 
changing,  that  is,  sensitive.  This  sensitivity  is  expressed 
in  violent  change  in  sliding  and  is  perhaps  productive  of  the 
major  errors  in  the  tooth  form,  owing  to  the  inability  of  the 


Fig.  7 — Stress  Concentrations  at  Fillets. 
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Spec.  Sliding  Pinion 

Spec.  Sliding  dear 
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Beam  Strength 
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hob,  or  cutter,  to  faithfully  reproduce  the  rapidly  varying 
curvature. 

The  outward  radial  shifts  of  pinion  tooth  profile  pos- 
tulate an  increase  in  this  radius  and,  therefore,  an  increase 
in  capacity  of  the  profile  to  sustain  load: — ■ 

(a)  at  a  point  where  it  is  usually  most  unfitted  to 
take  it; 

(5)  at  a  point  where  high  stress  is  exceedingly  dan- 
gerous because  of  the  proximity  of  the  stress  con- 
centrations at  the  fillet  of  the  tooth  root ; 

(c)  at  a  point  where,  because  of  (a)  or  (b),  or  both, 
wear  and  destruction  of  the  tooth  form  is  most 
evident  and  troublesome  on  standard  tooth  forms. 


Fig.  9 — Stress  Distribution  in  Gear  Teeth  at  Contact  Points. 


Lewis  Factor  Y 

This  is  a  tooth  form  factor  used  in  the  Lewis  formula 
W  =  SPFY  where  S  is  the  stress  from  primary  bending 
considering  the  load  W  applied  at  the  tip  of  a  tooth  of 
circular  pitch  P.  While  the  formula  apparently  takes  no 
account  of  the  relieving  influence  of  long  contact  (Fig.  5) 
when  less  than  half  the  load  will  be  applied  at  the  tip  and 
when  the  full  load  is  only  sustained  near  the  pitch  line, 
this  is  approximately  balanced  by  the  existence  of  stress 
concentrations  at  the  root  fillet  (Fig.  7) .  The  figured  stress 
is  probably  an  inclusive  approximation  of  the  maximum 
stress  from  primary  bending  in  well  designed  teeth  and  all 
gears  (especially  those  whose  surfaces  have  been  hardened 
to  resist  wear  and,  therefore,  to  sustain  greater  unit  loading) 
must  be  designed  to  resist  it. 

Comparison  of  Results  of  Gear  Systems 

The  shifts  of  tooth  profile  have  resulted  in  uniformly 
high  qualities  of  all  properties.  In  Fig.  8  three  ratios 
from  the  system  being  described  (which  is  here  named  the 
20  degrees  New  Standard),  are  compared  with  ratios  from 
other  important  gear  systems. 

In  the  12/30  tooth  ratios  the  143^-degree  standard 
system  has  no  continuity  of  contact  while  the  20-degree 
stub  and  the  20-degree  standard  is  apparently  good,  but 
this  is  due  to  an  extensive  undercut  being  present  on  the 
tooth  which  is  reflected  in  the  contact,  the  minimum  radius, 
and  in  the  weakness  of  the  pinion. 

In  the  15/27-tooth  ratio  only  the  20-degree  new 
standard  and  the  20-degree  standard  are  suitable  for 
inclusion  in  a  power  drive  or  any  responsibility,  with  the 
sliding  well  balanced  on  both  and  of  moderate  magnitude. 
The  minimum  radius  of  20-degree  new  standard  is  three 
times  that  of  the  20-degree  standard. 

In  the  21/40-tooth  ratio  the  contact  is  of  reasonable 
duration  on  all  systems  except  the  20-degree  stub.  The 
better  sliding,  greater  minimum  radius,  and  balanced 
strength  of  the  20-degree  new  standard  system  are  evident. 

The  excellent  sliding  characteristics  of  the  20-degree 
new  standard  system,  which  is,  of  course,  a  long  and  short 
addendum  system,  are  at  variance  with  the  views  expressed 
by  the  author  in  that  section  of  his  paper  dealing  with 
tooth  forms  and  are  in  part  responsible  for  the  excellent 
functioning  of  these  gear  teeth. 
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Professional  Technical  Training 

A  study  of  the  present  membership  Ust  of  any  pro- 
fessional engineering  organization,  as  compared  with  a  Ust 
of  twenty  years  ago,  will  make  it  evident  that  engineers 
as  a  class  are  becoming  employees  rather  than  employers. 
The  proportion  of  members  of  The  Engineering  Institute, 
for  example,  who  are  in  private  practice  as  consulting 
engineers  has  dropped  steadily,  while  more  and  more  of 
our  members  have  become  engaged  in  various  salaried 
capacities  in  the  field  of  industry,  in  engineering,  super- 
visory or  executive  positions;  many  are  concerned  with 
sales  or  service  activities  in  connection  with  engineering 
equipment  or  products. 

To  devise  educational  courses  which  will  prepare  for 
the  more  responsible  positions  in  such  a  diversity  of  occupa- 
tions is  a  formidable  task;  in  fact  the  field  of  engineering 
training  is  full  of  experiments,  the  interpretation  of  whose 
results  gives  rise  to  constant  debate.  There  are,  however, 
certain  broad  questions  which  claim  attention.  To  what 
extent  are  the  higher  supervisory  and  executive  positions 
in  the  field  of  industry,  including  in  this  term  service  and 
construction  as  well  as  manufacturing,  filled  by  university 
graduates  in  engineering  as  compared  with  men  trained 
along  other  lines  ?  What  provision  is  made  for  the  benefit 
of  technicians,  superintendents  and  foremen  in  the  form  of 
technical  training  of  a  less  advanced  kind  than  that  given 
in  the  universities  ?  Are  the  needs  for  vocational  or  appren- 
tice training  being  met  with  a  view  to  an  adequate  supply 
of  skilled  craftsmen  ?  What  chance  of  advancement  in 
status  is  there  for  a  man  who  has  not  been  able  to  find  the 
time  or  money  necessary  for  a  college  course,  and  has  been 
trained  along  more  specialized,  but  possibly  less  theoretical 
lines?  Such  queries  as  these  give  food  for  thought.  It 
must  be  noted  that  at  the  present  day  the  demands  on 
the  intelligence  and  education  of  men  who  are  leaders  in 
the  workshop  or  on  the  construction  job,  are  continually 
increasing.  A  foreman,  l)esides  supervising  the  work  in 
his  department,  may  have  to  pronounce  on  the  response  of 
new  materials  to  new  methods,  or  deal  with  questions  of 


rate  setting,  economics  of  handling  materials,  or  the  work- 
ing of  cost  systems.  Modern  mass  production  has  called 
into  existence  an  army  of  specialists  who  deal  with  the 
design  and  construction  of  tools  and  jigs,  or  equipment  for 
special  processes  of  treatment  or  manufacture.  In  fact, 
the  workshop  is,  to-day,  offering  a  far  wider  opening  for 
technically  trained  men  than  has  ever  existed  before. 

The  types  of  technical  training  now  available  in  Britain 
and  North  America  for  those  who  are  to  be  engaged  in  the 
engineering  industries  may  be  broadly  classified  as,  post- 
graduate work  at  the  university  in  preparation  for  special 
work  or  research;  the  normal  four-year  engineering  courses 
at  schools  of  university  rank ;  the  shorter  and  less  advanced 
courses  of  training  offered  by  technical  institutes;  and  the 
courses  given  at  vocational  or  apprentice  schools.  The 
two  latter  naturally  have  closer  relationships  with  specific 
industries  than  is  possible  in  the  case  of  university  courses. 
It  is  interesting  to  note  that  in  the  United  States,  technical 
institutes  or  schools  are  maintained  by  a  number  of  the 
larger  industrial  companies  for  the  purpose  of  training  new 
employees. 

The  General  Motors  Institute  of  Technology  at  Flint, 
Mich.,  is  a  good  example  of  this  type  of  school.  Its 
object,  as  the  president  of  General  Motors  Corporation 
puts  it,  "is  to  select  men  with  potentialities  for  broader 
responsibilities  and  attempting  to  train  these  men  for 
advancement."  It  provides  a  two  year  course  in  basic 
subjects  such  as  mathematics,  mechanics,  machine  design, 
engineering  English  and  shop  practice,  followed  by  a 
further  two  years  in  industrial  plant  or  service  subjects. 
Throughout  their  courses,  students  receive  pay  as  em- 
ployees of  the  company,  but  a  substantial  tuition  fee  is 
charged.  Almost  without  exception,  high  school  education 
is  required  for  admission.  A  recent  report  states  that  over 
ninety  per  cent  of  the  young  men  passing  through  the 
school  remain  in  the  employ  of  the  Corporation.  Many 
technical  institute  courses  of  the  United  States,  like  those 
at  Flint,  are  co-operative,  the  students  spending  their  time 
partly  in  the  school  and  partly  in  the  shops. 

As  regards  the  demand  for  educational  facilities  of  this 
kind,  it  has  been  estimated  that  in  the  United  States,  while 
ample  provision  for  four-year  engineering  training  is 
provided  by  the  engineering  colleges  now  existing,  about 
one  hundred  and  fifty  in  number,  industry  could  absorb 
some  forty  to  fifty  thousand  technical  institute  graduates 
annually,  a  number  substantially  in  excess  of  those  now 
available.  A  recent  survey  of  industrial  education  in  the 
eastern  states  gives  for  the  New  York  area  alone  a  total 
of  some  one  hundred  and  twenty  thousand  supervisory 
positions  in  fifty-three  thousand  companies,  employing  one 
and  a  half  million  men.  Only  a  small  proportion  of  these 
concerns  offer  instructional  courses  for  their  employees,  but 
it  must  not  be  forgotten  that  in  all  the  larger  industrial 
centres  there  are  available  well  developed  programmes  of 
evening  instruction.  Unfortunately  it  does  not  seem 
possible  to  extend  these  facilities  to  less  thickly  populated 
areas,  and  the  courses  offered  by  correspondence  schools 
are  only  a  partial  substitute  for  personal  teaching  and 
laboratory  work. 

The  situation  in  Britain  has  developed  along  some- 
what different  lines,  and  is  more  systematically  arranged. 
Engineering  instruction  of  university  rank  is  given  in  all 
the  main  centres  of  population.  There  is  a  well  organized 
system  of  local  technical  schools,  provided  with  laboratory 
facilities  and  giving  both  day  and  evening  instruction  of  a 
more  utilitarian  type,  in  many  cases  with  the  co-operation 
of  local  engineering  firms.  There  are  regular  standards  for 
entrance  requirements  and  the  universities  recognize  the 
work  done  at  a  number  of  the  larger  technical  schools, 
admitting  to  their  degree  examinations  students  from  them 
who  have  followed  certain  prescribed  courses.  In  other 
cases,  the  local  technical  institutes'  courses  are  such  as  to 
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prepare  for  the  Associate  Membership  examinations  of  the 
Institutions  of  Civil,  Mechanical  and  Electrical  Engineers, 
or  for  other  like  examinations  which  in  England  are  becom- 
ing widely  recognized  as  standards  of  engineering  education. 
In  England  the  support  of  industry  has  been  given  to  this 
work  rather  by  l)enefactions  from  industrial  leaders  than 
by  the  establishment  of  special  schools  by  the  industries 
themselves.  The  government  and  local  authorities  have 
been  able  to  spend  a  good  deal  of  public  money  on  technical 
education  with  the  result  that  the  classes  provided  are 
comparatively  inexpensive.  Further,  in  many  of  these 
schools,  by  the  aid  of  scholarships,  a  boy  of  capacity,  even 
if  his  means  are  small,  can  obtain  an  excellent  training. 

In  this  country  we  are  well  provided  with  engineering 
schools  of  university  rank,  whose  excellence  is  attested  by 
the  careers  of  their  graduates.  First  rate  technical  schools 
exist,  like  those  in  Toronto,  Hamilton,  Montreal  and  else- 
where, but  outside  of  the  main  centres  of  population  there 
are  not  as  yet  in  Canada  adequate  facilities  for  the  young 
man  who  has  to  work  for  his  living  and  at  the  same  time 
desires  to  fit  himself  for  advancement  in  industrial  life. 
We  have  very  few  scholarships.  It  would  seem  that  here, 
as  in  the  United  States,  as  far  as  engineering  education  is 
concerned,  the  need  is  not  for  a  larger  number  of  four-year 
engineering  colleges,  but  for  a  higher  standard  of  admission 
and  attainment  in  those  that  now  exist.  It  is  believed 
that  there  are  many  undergraduates  in  these  institutions 
whose  characteristics  and  bents  are  such  that  they  would 
do  better  in  some  more  utilitarian  type  of  training,  and 
that  the  efforts  of  the  university  staffs  would  be  more 
effective  if  the  undergraduate  standard  were  raised.  On 
the  other  hand,  better  provision  should  be  made  for  tech- 
nical school  students  of  exceptional  capacity  and  force  of 
character  who  wish  to  proceed  to  institutions  where  they  can 
fit  themselves  for  the  higher  branches  of  engineering  work. 

There  is  at  the  present  time  a  tendency  to  lay  stress 
on  the  possession  of  a  university  degree,  as  in  itself  constitut- 
ing a  guarantee  of  professional  capacity  as  an  engineer,  and 
as  being  alone  sufficient  to  differentiate  its  possessor  from 
the  mere  technician.  A  degree  from  one  of  our  leading 
engineering  schools  is  no  indication  of  professional  ex- 
perience, but  it  does  confer  a  definite  status  not  attainable 
in  any  other  way;  such  degrees  are  therefore  recognized  by 
The  Institute  by-laws  and  by  those  of  the  professional 
associations.  It  is  notewoi'thy,  however,  that  The  Institute's 
requirements  for  admission  as  corporate  member  do  not 
close  the  door  on  those  who  have  not  had  the  advantages 
of  a  university  course,  provided  that  they  can  show  that 
they  have  received  an  equivalent  training  by  other  means. 
It  is  for  this  reason  that  The  Institute's  system  of  examina- 
tions has  been  established.  Many  of  the  candidates  who 
take  them  have  had  engineering  experience  of  a  kind  which 
makes  them  invaluable  in  the  modern  world  of  industry 
and  when  admitted  are  able  to  make  substantial  con- 
tributions to  The  Institute's  work  in  the  interchange  of 
professional  knowledge.  Any  scheme  of  professional  or- 
ganization which  fails  to  provide  for  the  recognition  of 
such  men  would  be  open  to  objection,  as  bearing  hardly 
on  a  class  whose  exclusion  from  its  ranks  would  be  a  great 
loss  to  the  engineering  profession. 

New  Membership  List 

It  is  over  three  years  since  the  last  list  of  members  of 
The  Institute  was  published,  and  it  has  been  found  necessary 
to  issue  a  new  edition  this  Fall.  This  list  will  appear  as  a 
separate  section  of  The  Engineering  Journal. 

Information  cards  have  recently  been  forwarded  to  the 
membership  of  The  Institute,  requesting  the  name,  present 
official  position  and  address  of  each  member  that  this  in- 
formation may  be  correctly  recorded. 

The  completeness  and  accuracy  of  the  list  will  be 
greatly  increased  if  the  members  will  co-operate  fully  and 
return  their  cards  with  as  little  delay  as  possible. 


The  Institute  Prizes  and  Medals 

The  Sir  John  Kennedy  Medal — a  gold  medal  awarded  to 
corporate  members  of  The  Institute  as  a  recognition 
of  outstanding  merit  in  the  profession  or  of  note- 
worthy contribution  to  the  science  of  engineering  or 
to  the  benefit  of  The  Institute. 

Past-Presidents'  Prize — a  cash  donation  of  the  amount  of 
One  Hundred  Dollars,  or  the  winner  may  select  books 
or  instruments  of  no  more  than  that  value,  for  the 
best  contribution  submitted  to  the  Council  of  The 
Institute  by  a  member  of  The  Institute  of  any  grade 
on  a  subject  to  be  selected  and  announced  by  the 
Council  at  the  beginning  of  the  prize  year.  The  sub- 
ject of  the  essays  to  be  submitted  for  the  competition 
for  the  prize  year  July  1st,  1935  to  June  30th,  1936,  is 
"The  Engineer's  Contribution  to  Transportation." 

The  Duggan  Medal  and  Prize — a  prize  of  a  medal  and  cash 
to  a  combined  value  of  approximately  $100.00  open  to 
all  members  of  The  Institute  to  be  awarded  each  year 
from  the  proceeds  of  a  donation  by  Past-President 
G.  H.  Duggan,  d.sc,  ll.d.,  m.e.i.c,  for  the  purpose 
of  encouraging  the  development  of  the  branches  of 
engineering  in  which  he  practised.  Papers  to  be  eligible 
for  this  competition  shall  deal  with  such  subjects  as 
arise  in  that  sphere  of  constructional  engineering  which 
concerns  the  use  of  metals  in  moulded  or  fabricated 
shape  for  structural  or  mechanical  purposes. 

The  Gzowski  Medal — a  gold  medal  awarded  to  members  of 
The  Institute  for  the  best  paper  of  the  medal  year, 
provided  such  paper  shall  be  adjudged  of  sufficient 
merit  as  a  contribution  to  the  literature  of  the  pro- 
fession of  civil  engineering,  but  not  otherwise. 

The  Leonard  Medal — a  gold  medal  awarded  to  members 
of  The  Engineering  Institute  of  Canada  or  of  the 
Canadian  Institute  of  Mining  and  Metallurgy,  for 
papers  on  mining  subjects  presented  either  to  The 
Institute  or  to  the  Canadian  Institute  of  Mining  and 
Metallurgy. 

The  Plummer  Medal — a  gold  medal  open  to  those  who 
belong  to  The  Institute  or  to  non-members  if  their 
papers  have  been  contributed  to  The  Institute  and 
presented  at  an  Institute  or  Branch  meeting.  The 
papers  to  be  on  chemical  and  metallurgical  subjects. 

Prizes  for  Students  and  Juniors — technical  books  or  instru- 
ments to  the  total  value  of  Twenty-Five  Dollars. 
Students  and  Juniors  of  The  Institute  only  are  eligible 
to  compete. 

The  H.  N.  Ruttan  Prize — The  four  western  provinces; 
The  John  Galbraith  Prize— The  province  of  Ontario; 
The  Phelps  Johnson  Prize — Province  of  Quebec 

(English) ; 
The  Ernest  Marceau  Prize — Province  of  Quebec 

(French) ; 
The  Martin  Murphy  Prize — ^The  Maritime  provinces. 

Sir  John  Ambrose  Fleming  Receives  the 
Kelvin  Medal 

The  Kelvin  Medal  is  awarded  triennially  as  a  mark 
of  distinction  in  engineering  work  or  investigations  of  a 
kind  with  which  Lord  Kelvin  himself  was  especially  iden- 
tified, the  award  being  made  by  a  committee  appointed 
by  the  principal  engineering  societies  in  Great  Britain. 

This  year,  on  Tuesday,  May  7th,  the  medal  was 
presented  to  Sir  John  Ambrose  Fleming,  F.R.S.,  at  a 
meeting  held  at  the  Institution  of  Civil  Engineers,  the 
presentation  being  made  by  the  Postmaster-General.  In 
doing  so.  Sir  Kingsley  Wood  pointed  out  that  engineers 
were  indebted  to  Sir  Ambrose,  not  only  for  his  own  con- 
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tributions  to  research,  but  also  for  the  inspiration  he  had 
given  to  many  generations  of  students.  He  was  glad  to 
have  the  opportunity  of  drawing  attention  to  the  great 
debt  which  the  radio  industry  owes  to  Sir  Ambrose  for 
the  development  of  the  thermionic  two-electrode  valve. 

OBITUARIES 

Charles  Lang  Cantley,  A.M.E.I.C. 

It  is  with  deep  regret  that  we  place  on  record  the 
death  of  Charles  Lang  Cantley,  a.m. e. i.e.,  while  bathing  at 
Scarboro  Beach,  Me.,  on  July  14th,  1935, 

Mr.  Cantley  was  born  at  New  Glasgow,  N.S.,  on  May 
4th,  1884,  and  received  his  early  education  at  the  New 
Glasgow  Public  School  and  St.  Andrews  College,  Toronto, 
graduating  from  McGill  University  in  1909  with  the  degree 
of  B.Sc. 

Following  graduation  Mr.  Cantley  joined  the  staff  of 
the  Nova  Scotia  Steel  and  Coal  Company,  and  until  1910 
was  resident  engineer  in  charge  at  Wabana  Mines  Limited, 
Newfoundland.  ■  He  was  later  engineer  and  assistant  under- 
ground manager.  In  1911  Mr.  Cantley  was  appointed 
engineer  at  Sydney  Mines,  N.S. 

On  the  outbreak  of  war,  Mr.  Cantley  went  overseas 
as  a  major  in  the  13th  Royal  Highlanders  of  Canada  (Black 
Watch)  but  due  to  his  outstanding  ability  in  the  metallur- 
gical field  coupled  with  executive  ability,  he  was  recalled 
to  Canada  to  reorganize  the  munitions  department  of  the 
Nova  Scotia  Steel  and  Coal  Company. 

After  the  war  Mr.  Cantley  went  to  the  United  States 
and  became  engineer  with  the  Mutuelle  Solvay  of  America 
Inc.,  in  New  York.  Later,  returning  to  Canada,  he  became 
general  manager  of  the  Nichols  Engineering  and  Research 
Corporation  of  Canada  Ltd.,  in  Montreal,  and  a  year  ago 
was  appointed  president  of  the  Company. 

Mr.  Cantley  joined  The  Institute  as  a  Student  on 
May  2nd,  1907,  and  on  June  10th,  1911,  became  an  Asso- 
ciate Member. 

Alfred  O'Meara,  M.E.I.C. 

Members  of  The  Institute  will  learn  with  regret  of 
the  death  at  Victoria,  B.C.,  on  July  5th,  1935,  of  Alfred 
O'Meara,  m.e.i.c. 

Mr.  O'Meara  was  bom  at  Stoke  Prior,  Worcestershire, 
England,  on  August  4th,  1858,  and  received  his  later 
education  in  Cork,  Ireland,  taking  a  course  in  civil  en- 
gineering at  Queens  College  in  1876-1879.  Following  this 
he  was  until  1880  pupil  of  a  Mr.  Law  of  the  Ordnance 
Survey,  Southampton.  In  1881  he  was  on  the  construction 
of  the  Nottingham  Melton  Mowbray  railway,  and  later 
received  practical  instruction  in  underground  work  at  a 
tin  mine  in  Cornwall. 

In  1883  Mr.  O'Meara  proceeded  to  Newfoundland,  and 
was  for  the  next  three  years  in  charge  of  prospecting  and 
developing  an  auriferous  quartz  mine  on  the  north  east 
coast.  In  1886-1888  he  was  assistant  in  charge  of  location 
and  construction  of  the  Placentia  Railroad,  and  in  1888- 
1890  Mr.  O'Meara  was  in  charge  of  the  city  sewerage  works 
of  St.  John's,  Newfoundland.  In  1888  he  was  appointed 
deputy  land  surveyor  for  the  Island  of  Newfoundland  and 
Dependencies.  In  1892  Mr.  O'Meara  went  to  British 
Columbia,  and  was  in  charge  of  drainage  works  for  the 
municipality  of  Chilliwack  until  1894,  when  he  returned 
to  St.  John's,  Newfoundland,  and  engaged  in  private 
practice.  In  1898-1903  Mr.  O'Meara  was  in  charge  of 
mining  work  for  the  British  Columbia  Rossland  and  Slocan 
Syndicate  in  the  Yukon  Territory  and  Northern  British 
Columbia.  Returning  to  Victoria  he  practiced  engineering 
in  that  city  until  1905  when  he  joined  the  engineering 
staff  of  the  city,  retaining  the  connection  until  several 
years  ago  when  he  retired. 


Mr.  O'Meara  joined  The  Institute  as  an  Associate 
Member  on  October  8th,  1908,  became  a  full  Member  on 
April  13th,  1912,  and  was  made  a  Life  Member  in  November 
1923. 

PERSONALS 

B.  Russell,  M.E.I.C,  has  been  appointed  chief  engineer 
for  the   Water   Development   Committee   under  the   Re 
habilitation  Board  for  the  Prairie  Provinces,  and  will  be 
located  at  Swift  Current,  Sask. 

Edwin  J.  Beugler,  m.e.i.c,  consulting  engineer,  Che- 
shire, Conn.,  has  been  appointed  a  member  of  the  first  board 
of  registration  for  state  engineers  and  surveyors  for  the 
State  of  Connecticut. 

Squadron-Leader  K.  M.  Guthrie,  Aflai.E.i.c,  who  was 
formerly  at  Fort  Osborne  Barracks,  Military  District  No. 
10,  Winnipeg,  Man.,  has  been  transferred  to  the  Depart- 
ment of  National  Defence,  at  Ottawa,  Ont. 

W.  G.  Hamilton,  s.E.i.c,  is  now  connected  with  the 
engineering  department  of  Canadian  Johns-Manville  Com- 
pany Limited  at  Asbestos,  Que.  Mr.  Hamilton  graduated 
from  the  Nova  Scotia  Technical  College  in  May  of  this  year 
with  the  degree  of  B.E.  in  mining. 

Professor  C.  V.  Christie,  m.e.i.c,  Department  of 
Electrical  Engineering,  McGill  University,  has  been  elected 
vice  president  of  the  American  Institute  of  Electrical  En- 
gineers for  the  year  beginning  August  1st,  1935,  as  an- 
nounced at  the  Annual  Meeting  of  that  Institute  held 
recently  at  Ithaca,  N.Y. 

The  Engineering  Institute  of  Canada 
Prize  Awards  1935 

Eleven  prizes  known  as  "The  Engineering  Institute  of 
Canada  Prizes"  are  offered  annually  for  competition  among 
the  registered  students  in  the  year  prior  to  the  graduating 
year  in  the  engineering  schools  and  applied  science  faculties 
of  universities  giving  a  degree  course  throughout  Canada. 

Each  prize  consists  of  twenty-five  dollars  in  cash,  and 
having  in  view  that  one  of  the  objects  of  The  Institute 
is  to  facilitate  the  acquirement  and  interchange  of  pro- 
fessional knowledge  among  its  members,  it  has  been  the 
desire  of  The  Institute  that  the  method  of  award  should 
be  determined  by  the  appropriate  authority  in  each  school 
or  university  so  that  the  prize  may  be  given  to  the  student 
who,  in  the  year  prior  to  his  graduating  year,  in  any  depart- 
ment of  engineering  has  proved  himself  most  deserving  as 
disclosed  by  the  examination  results  of  the  year  in  com- 
bination with  his  activities  in  the  students'  engineering 
organization,  or  in  the  local  branch  of  a  recognized  en- 
gineering society. 

The  following  are  the  prize  awards  for  1935: 

University  of  British  Columbia John  Richardson 

University  of  Alberta Frank  James  Hastie 

University  of  Saskatchewan Arthur  Frederick  Burke  Stannard 

University  of  Manitoba Eliot  Robertson  Davis 

University  of  Toronto William  Murray  Lawrason,  s.e.i.c. 

Queen's  University William  N.  Simmons 

Royal  Military  College Robert  M.  Powell,  s.e.i.c. 

McGill  Ihiiversity Donald  Carman  McCrady 

Ecole  Polytechnique Louis  Trudel,  s.e.i.c. 

University  of  New  Brunswick Donald  D.  Cunningham 

Nova  Scotia  Technical  College E.  C.  Thomas 

Committee  on  Consolidation 

The  Committee  on  Consolidation  is  making  no  further 
report  on  its  work  this  month,  pending  the  submission  to 
the  membership  of  a  complete  report  on  the  results  of  the 
"Questionnaire"  which,  it  is  hoped,  will  be  received  from 
all  the  Branches  and  Provincial  Professional  Associations, 
by  the  middle  of  August. 
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A  Presentation  of  British  Columbia  Views  on  the 

Federation  Problem 

p.  H.  Buchan,  A.M.E.I.C.* 
Pad-Chairman,  the  Vancouver  Branch  of  The  Inslitule 


Introduction 
In  the  year  1929,  The  Institute  and  the  provincial  associations  of 
professional  engineers  agreed  to  the  appointment  of  a  Dominion  Com- 
mittee of  Four,  composed  exclusively  of  members  chosen  by  the  associa- 
tions, one  representing  the  Maritimes,  one  for  Quebec  and  Ontario,  one 
for  the  three  Prairie  Provinces,  and  one  for  British  Columbia.  This 
body  was  appointed  to  discuss  the  general  question  of  federation. 
After  making  a  report  in  1931,  it  was  resolved  into  a  Committee  of 
Eight,  consisting  of  one  representative  from  each  provincial  associa- 
tion. The  new  body  adopted  the  report  of  the  previous  committee 
and  was  expected  to  formulate  plans  for  implementing  that  report. 
Since  its  last  meeting  in  1933,  this  committee  has  been  inactive  while 
awaiting  the  outcome  of  proposals  advanced  by  Institute  committees 
which  disregarded  the  foundations  already  laid.  The  following  thesis 
on  the  problem,  as  it  occurs  in  British  Columbia,  aims  to  demonstrate 
to  all  Institute  members,  that  the  only  practical  way  to  achieve  federa- 
tion will  be  to  insist  on  action  by  and  through  the  Committee  of  Eight. 
The  Institute  is  favourably  placed  to  give  impetus  to  this  movement. 

The  Federation  Problem — 1935 

During  the  past  fifteen  years,  there  has  been  a  movement  among 
engineers  in  Canada  to  obtain  legal  power  to  register  and  regulate 
their  own  profession  in  a  manner  similar  to  the  sister  professions  of 
law  and  medicine.  Progress,  evidenced  by  the  rapid  growth  of  bodies 
incorporated  and  clothed  with  this  power  under  special  legislation  in 
eight  of  the  nine  provinces,  has  engendered  within  The  Institute  a 
desire  for  some  simple  plan  whereby  any  member  who  has  complied 
with  the  law,  may,  by  the  payment  of  one  combined  fee,  secure  to 
himself  the  rights  and  privileges  of  both  The  Institute  and  the  provincial 
corporation  in  which  he  is  registered.  This  sounds  like  a  simple  proposi- 
tion; but  the  fact  is  that  its  complexities  have  constituted  a  problem 
so  baffling  in  its  fundamentals,  that  not  only  has  no  generally  acceptable 
plan  been  forthcoming,  but  the  resulting  controversy  has  tended  to 
discourage  all  who  have  devoted  time  and  energy  to  its  solution. 

Primarily,  we  have  to  devise  a  means  of  co-ordinating  two  distinct 
types  of  professional  organization,  the  one,  a  Dominion  society  based 
on  the  voluntary  principle,  the  other,  a  provincial  corporation  based 
on  the  compulsory  or  licensing  principle.  This  situation  is  complicated 
by  the  presence  of  other  voluntary  societies,  somewhat  differently 
constituted  to  The  Institute,  which  nevertheless,  have  many  profession- 
ally qualified  members  whose  future  relations  with  The  Institute  must 
be  given  full  consideration  in  any  scheme  which  proposes  a  federation 
of  The  Institute  with  the  profession.  Besides,  there  are  the  eight 
provincial  corporations  of  the  compulsory  type,  which  vary  widely  in 
the  application  of  licensing  power.  Moreover,  within  either  type  of 
organization,  we  find  extensive  variation  in  the  qualifications  for 
admission  to  corporate  and  junior  membership.  Again  there  are  the 
reactions  of  the  individual  members  of  these  organizations  to  be  con- 
sidered. Some  are  unable  to  see  any  need  for  a  registered  or  licensed 
engineer  to  belong  to  a  voluntary  society,  if  voluntary  membership 
requires  the  payment  of  additional  dues;  some  employed  engineers  who 
belong  to  one  or  more  voluntary  societies,  can  see  no  reason  why  they 
should  be  subject  to  registration  law.  Others  think  that  membership 
in  a  voluntary  professional  body  ought  to  be  sufficient  qualification 
for  admission  to  any  licensing  corporation  without  special  formalities, 
or  vice  versa.  And  there  are  those  who  are  unable  to  see  why  either 
type  of  professional  organization  should  not  suffice  for  all  practical 
purposes. 

It  is  quite  apparent  that  no  plan  could  hope  to  satisfy  so  many 
conflicting  opinions  and  conditions.  Modification  of  some  of  them  is 
essential;  yet  whenever  proposals  have  been  submitted  which  run 
counter  to  cherished  views  on  the  subject,  opposition  invariably  has 
arisen  to  forestall  any  advancement  in  the  direction  suggested.  Con- 
sequently, the  only  immediate  prospect  of  attaining  federation  lies  in 
the  promotion  of  that  common  understanding  of  the  fundamentals  of 
the  problem,  which  is  prerequisite  to  an  acceptance  of  the  views  of 
those  who,  by  dint  of  lengthy  study  and  experience,  have  gained  a 
practical  knowledge  of  the  subject. 

The  Engineering  Profession  in  British  Columbia 

The  Engineering  Act  of  the  Province  of  British  Columbia  became 
law  in  1920,  followed  by  amendments  in  1924  and  1927.  The  Associa- 
tion of  Professional  Engineers  of  B.C.,  incorporated  in  1920  under  the 
Act,  commenced  with  a  charter  membership  of  about  three  hundred 
and  fifty  professional  engineers,  admitted  on  credentials.  This  body 
has  grown  in  fourteen  years,  to  a  corporate  membership  numbering 
about  eight  hundred  and  twenty-five,  with  over  five  hundred  enrolled 


student  engineers   who   are  actively   qualifying  for   corporate   status 
under  the  Association's  Student  System. 

During  the  past  twelve  years,  admission  to  corporate  membership 
has  been  by  examination,  exceptions  being  sparingly  granted,  and  only 
when  the  credentials  of  the  candidate  place  his  qualifications  un- 
questionably within  the  standards  prescribed  by  the  Examining  Board 
and  the  By-Laws  of  the  Association.  The  jurisdiction  of  the  Associa- 
tion covers  all  branches  of  professional  engineering;  and  because  over 
ninety  per  cent  of  the  practising  engineers  in  the  province  are  registered 
as  corporate  members,  the  Association  has  indisputable  grounds  for 
asserting  itself  to  be  "The  Engineering  Profession  in  British  Columbia." 

Enrolment  of  Profe.ssion  in  B.C. 
March.  1935 

Engineer- 
in-  Engineering 

Branch                         Member        Training  Pupil 

Civil 446                  84  — 

Mining 171                   62  — 

Mechanical 101                  44  — 

Electrical 71                  50  — 

Chemical 15                  30  —             Total 


824 


270 


250 


1,344 


*B.C.  Electric  Railway  Co.  Ltd.,  Vancouver,  B.C. 


Civil  Branch  includes  Structural,  Railway,  Forest,  Logging,  Munic- 
ipal, Geographical,  Irrigation  and  Hydraulic. 

Mining  Branch  includes  Metalliferous,  Coal  Mining,  Placer  Mining, 
Geological  and  Metallurgical. 

Electrical  Branch  includes  Telephone  and  Hydro-Electrical. 

On  this  continent  the  term  "engineer"  has  a  somewhat  casual 
meaning,  being  applied  broadly  to  persons  possessing  superior  technical 
skill,  whose  occupations  are  identified  with  the  general  field  of  engi- 
neering. It  embraces  many  skilled  artisans  or  mechanics,  as  well  as 
the  professional  practitioners.  The  resulting  confusion  has  led  to  the 
adoption  in  British  Columbia  of  the  term  "professional  engineer,"  to 
mean  any  person  qualified  to  practise  engineering,  as  distinguished 
from  those  who,  being  merely  skilled  artisans,  are  not  so  qualified. 

The  Engineering  Act  of  B.C.  deals  exclusively  with  the  professional 
man.  It  applies  to  all  grades  of  assistant  engineers  above  the  grade 
of  junior,  as  well  as  the  chief  and  consulting  engineers,  and  makes  no 
distinction  whatever  between  employed  engineers  and  those  engaged 
in  private  practice.  It  defines  the  "practice  of  professional  engineering" 
in  considerable  detail,  and  forbids  any  person  who  is  not  duly  registered 
or  licensed,  to  practise  in  any  branch  of  engineering  falling  within  the 
scope  and  meaning  of  the  definition.  The  Act  also  forbids  the  adoption 
of  the  title  "professional  engineer,"  or  any  abbreviation  thereof,  by 
persons  who  are  not  so  registered  or  licensed,  excepting  only  those 
who  are  exempted  by  special  provisions  of  the  Act. 

The  fundamental  principle  of  the  Act  is  the  prescribing  and  develop- 
ing of  a  formal  system  of  training  and  examination  for  all  who  would 
become  members  of  the  profession.  Graduation  from  a  school  of 
engineering  is  not  in  itself  a  sufficient  qualification.  The  fundamental 
purpose  of  the  Act  is  to  maintain  a  high  standard  of  engineering  practice 
in  British  Columbia,  and  thereby  promote  public  confidence  in  all 
persons  who  by  law,  are  entitled  to  call  themselves  "professional 
engineers."  The  Act  requires  the  Association  to  pass  by-laws  relating 
to  the  government,  discipline  and  honour  of  its  members,  and  the 
examination  and  admission  of  candidates  to  the  study  and  practice  of 
professional  engineering. 

The  Association  maintains  its  headquarters  at  Vancouver,  and  a 
salaried  registrar  on  a  full-time  basis.  The  incumbent  of  this  position 
since  incorporation  is  E.  A.  Wheatley,  a.m. e. i.e.,  whose  diligent  re- 
searches in  the  field  of  professional  organization  have  won  for  him 
an  ever-widening  reputation  as  an  authority  on  the  subject.  The 
faith  of  the  engineering  profession  in  the  continued  improvement  of 
its  status  through  the  agency  of  the  Association,  is  represented  by  the 
expenditure  on  this  venture  since  incorporation,  of  a  sum  in  excess  of 
$150,000,  contributed  in  entrance  fees  and  dues  by  the  active  member- 
ship. It  is  noteworthy  that  no  part  of  this  amount  has  been  con- 
tributed by  the  voluntary  societies  operating  in  the  province. 

The  Institute  in  B.C. 

Having  outlined  the  scope  and  purpose  of  the  Engineering  Pro- 
fession in  British  Columbia,  let  us  now  discuss  the  position  of  The 
Engineering  Institute  of  Canada.  At  the  time  of  writing,  the  total 
enrolment  in  the  province  consists  of  roughly  two  hundred  and  fifty 
persons,  including  those  on  the  non-active  list. 
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Summary  of  E.I.C.  Membership  in  B.C. 
Juniors 
Corporate                  and 

Branch                    Active    Suspended    Students  Affiliates     Total 

Civil 161             13                 41  4               219 

Mining 4               1                   2  7 

Mechanical 7               1                   7  . .                 15 

Electrical 3              3                  2  ..                  8 

Chemical ..             ..                  1  3                  4 

175  18  53  7  253 

Comparison  with  the  preceding  statement  of  membership  in  the 
B.C.  Association,  shows  that  the  ratio  of  Institute  enrolment  to  that 
of  the  Association  is  about  250  to  1,350  or  18.5  per  cent.  Moreover 
86  per  cent  of  The  Institute  membership  is  civil,  the  mining  and  electrical 
branches  comprising  a  mere  6  per  cent,  whereas  in  the  Association,  the 
mining  and  electrical  branches  combined,  comprise  at  least  one  third 
of  its  total  enrolment.  Obviously  The  Institute  has  no  grounds  what- 
ever for  considering  itself  to  be  the  chief  representative  of  the  engi- 
neering profession  in  the  province,  nor  is  it  capable  of  determining 
for  the  mining,  mechanical,  electrical  and  chemical  engineers  in  British 
Columbia  any  set  policy  of  professional  expansion,  without  their 
willing  acquiescence.  Any  move  of  The  Institute  that  might  have  the 
appearance  of  disregarding  the  opinions  of  these  engineers  would 
scarcely  be  conducive  to  the  harmonious  relations  that  are  so  essential 
for  professional  solidarity. 

The  mining  and  electrical  engineers  of  the  province  have  a  pref- 
erence at  the  present  time  for  voluntary  societies,  namely  the  Canadian 
Institute  of  Mining  and  Metallurgy  and  American  Institute  of  Electrical 
Engineers,  which  minister  to  their  special  needs  more  effectively 
than  The  Institute.  That  such  is  the  case  is  regrettable  from  The 
Institute  point  of  view,  but  cannot  fairly  be  denied.  However,  The 
Institute  is  distinguished  from  these  societies  by  its  uniformly  pro- 
fessional character  as  measured  by  the  standards  of  the  Association. 
It  is  this  kinship  which  has  been  chiefly  responsible  for  the  favoured 
position  it  occupies  in  relation  to  the  provincial  body;  also  because 
it  comprises  the  largest  single  group  of  registered  British  Columbia 
engineers,  and  because  its  Dominion  charter  enables  it  to  function  as 
a  national  society  connecting  to  a  large  extent,  the  professional  en- 
gineers in  all  parts  of  Canada.  One  means  of  ensuring  a  continuance 
of  this  sympathy  between  the  "Engineering  Profession  in  B.C."  and 
The  Institute,  has  been  the  annual  invitation  extended  by  the  Executive 
Committee  of  the  Vancouver  Branch  to  the  president  and  registrar 
of  the  Association  to  sit  as  honorary  members  of  the  Executive. 
That  this  gesture  has  been  appreciated  by  the  Association,  is  evidenced 
by  the  regular  attendance  of  the  registrar  at  the  monthly  meetings, 
and  the  unstinted  co-operation  given  towards  furthering  the  progress 
of  Institute  activities  in  the  province. 

Compared  with  the  position  of  The  Institute  in  other  provinces, 
the  eighteen  per  cent  minority  ratio  of  its  enrolment  in  British  Columbia 
will  probably  occasion  no  little  wonder  This  circumstance  arises  from 
three  main  causes;  firstly,  the  fact  that  notwithstanding  its  altered 
name,  it  has  continued  to  be  regarded  in  British  Columbia  as  the 
Canadian  Society  of  Civil  Engineers;  secondly,  that  the  electrical  and 
mining  engineers  naturally  gravitate  to  their  favourite  societies,  the 
American  Institute  of  Electrical  Engineers  and  the  Canadian  Institute 
of  Mining  and  Metallurgy;  and  thirdly,  that  the  Association  has 
enrolled  practically  all  the  professional  practitioners  and  juniors  in 
the  several  branches  of  engineering,  with  the  result  that  those  who 
have  not  yet  joined  one  of  the  voluntary  societies,  are  less  disposed 
to  join  now,  except  under  the  strongest  of  inducements.  Moreover, 
the  influence  of  the  financial  depression  has  been  particularly  un- 
favourable to  The  Institute  in  the  last  mentioned  particular. 

Although  a  somewhat  superficial  glance  at  the  situation  may  give 
many  readers  of  The  Journal  the  impression  that  The  Institute  in 
their  own  province  occupies  a  premier  position,  and  that  comparison 
with  British  Columbia  would  avail  them  of  little  else  than  a  feeling 
of  complacency,  the  real  truth  of  the  matter  is  that  the  situation  in 
Canada  as  a  whole  clearly  resembles  that  in  British  Columbia.  The 
latest  available  figures,  compiled  by  the  registrar  of  the  B.C.  Associa- 
tion in  September  1932,  will  serve  to  illustrate  the  fact. 

Corporate         Being  E.I.C. 

Members  also  Per  cent      Corporate 

of  Members  of  Members 

Province  Association     of  fJ.I.C.  Assn.       in  Province 

Nova  Scotia 212  110  52  146 

New  Brunswick 157  85  54  99 

Quebec 1188  667  56  927 

Ontario 1206  475  39  1179 

Manitoba 2()0  204  78  166 

*Sa.skatchewan 88  52  59  124 

Alberta   262  113  43  161 

♦British  Columbia ..  .         824                 125                 15  193 

*B.C.  Students.  .  .                 470                   43  9  53 

220  E.I.T.t 
250  E.  I'upils       

4797  1801  39  3015 

♦Improved  March,  1935. 
fDoes  not  include  about  50  graduates  (1934). 


If  to  the  1,801  joint  members  we  add  the  2,906  members  of  the 
associations  who  are  not  members  of  The  Institute  and  the  1,214 
Institute  members  who  are  not  registered  in  any  association,  we  discover 
that  the  ratio  of  Institute  corporate  membership  to  the  total  is  3,015 
to  6,011  or  about  50  per  cent  for  the  whole  of  C'anada.  This  figure  is 
representative  but  cannot  be  taken  as  complete  because  of  tiie  unknown 
content  of  mining,  electrical  and  other  branches  of  engineers.  Ad- 
mittedly there  are  wide  variations  in  different  provinces;  but  if  the 
national  problem  of  the  engineering  profession  and  the  jiroblem  of 
Institute  development  as  related  to  it,  are  to  be  solved  on  the  basis 
of  facts  as  they  exist  today,  British  Columbia  men  have  the  fruits  of 
fourteen  years  of  experience  to  offer  as  a  guide  to  enlightened  thought 
on  the  subject. 

How  THE  Profession  in  B.C.  was  Developed 

The  natural  question  that  the  reader  now  will  ask  is  how  the 
Engineering  Profession  in  British  Columbia  developed  its  present 
strength  from  such  small  beginnings,  and  what  part  did  The  Institute 
play  in  the  process?  To  answer  the  question,  it  will  be  necessary  to 
refer  again  to  the  history  of  the  professional  engineer  movement  in 
the  province. 

In  1919  or  thereabouts,  the  desire  for  some  form  of  legal  regulation, 
translated  itself  into  an  effort  to  procure  legislation  based  on  the 
"Model  Act"  recommended  by  The  Engineering  Institute  of  Canada. 
Unfortunately,  The  Institute,  although  recognised  as  being  the  leading 
professional  body  in  the  province  at  that  time,  did  not  represent  more 
than  about  twenty-five  per  cent  of  the  resident  practising  engineers. 
In  order  to  gain  the  co-operation  of  the  majority  of  these  men,  it  was 
necessary  to  form  the  B.C.  Technical  Association,  which  all  could  join 
with  a  minimum  of  formality.  With  this  new  body  solidly  behind  a 
committee  chosen  from  its  own  membership  and  representing  all 
branches  of  engineering,  legislation  was  obtained  at  Victoria  in  1920, 
previously  referred  to  as  the  "Engineering  Act."  Armed  with  that 
somewhat  emasculated  document,  the  committee  launched  the  Associa- 
tion, which  has  carried  on  since  that  year.  Shortly  afterwards  the 
B.C.  Technical  Association  was  disbanded.  Incidentally  it  was  found 
that  quite  a  number  of  the  members  of  that  body  could  not  qualify 
for  admission  to  the  Association  and  therefore  were  unable  to  procure 
certificates  of  registration  as  professional  engineers. 

The  Association  at  once  realized  that  their  weakened  Act  would 
not  permit  the  unrestrained  use  of  legal  power.  There  certainly  was 
no  complete  unanimity  of  opinion  among  the  resident  practitioners 
regarding  the  matter  of  registration.  Many  believed  it  ought  to  apply 
to  everyone  but  themselves.  Also  employers  as  a  whole  viewed  the 
new  movement  with  some  uneasiness,  although  very  few  showed  open 
hostility  to  it,  most  of  them  believing  that  the  loopholes  in  the  Act 
would  save  them  from  any  uncomfortable  situations  that  might  arise. 

Early  Councils  wisely  adopted  an  educational  policy  aimed  to 
accomplish  what  legal  pressure  could  not  do  under  the  prevailing 
circumstances.  This  policy  visualized  a  completely  registered  and 
regulated  engineering  profession  in  British  Columbia,  animated  by  a 
truly  professional  esprit-de-corps  and  genuine  loyalty  to  a  formally 
approved  code  of  ethics.  It  foresaw  the  willing  endorsement  of  the 
registration  principle  by  employers  and  clients  alike,  provided  it  could 
be  established  in  the  public  mind  that  registration  meant  reliability, 
competence  and  fair  dealing. 

Legal  compulsion  has  been  studiously  avoided,  yet  undoubtedly 
there  exists  today,  a  strongly  developed  esprit-de-corps  throughout 
the  B.C.  profession,  and  a  record  of  progress  which  bears  witness 
that  the  purposes  of  the  Act  and  the  hopes  of  the  originators  have 
been  justified.  Fourteen  years  of  struggle  against  economic  con- 
ditions, apathy,  and  destructive  criticism  and  inherent  weaknesses  in 
the  Act  have  produced  the  present  strong  and  virile  organization. 

The  most  remarkable  feature  of  enrolment  is  the  very  high  per- 
centage of  employed  engineers.  The  educational  efforts  of  past  ad- 
ministrations have  procured  an  immense  number  of  voluntary  applica- 
tions from  these  practitioners,  whereas  a  threat  of  legal  action  would 
have  invited  sustained  resistance  and  a  very  disastrous  record  of 
failure.  Practising  engineers  of  acknowledged  standing,  who  come 
into  the  province,  readily  comply  with  the  regulations,  mainly  because 
they  feel  that  it  would  not  be  playing  the  game  to  refu.se.  Little  or 
no  trouble  has  been  experienced  in  respect  of  licences,  with  any  of 
them.  The  same  applies  on  the  whole  to  resident  engineers,  who  have 
evidenced  very  little  real  objection  to  the  authority  of  the  Association 
in  the  matter  of  registration.  Moreover,  it  is  now  quite  customary 
for  chief  and  consulting  engineers  to  insist  that  their  subordinates  be 
registered  as  members  of  the  Association,  or  enrolled  in  one  or  other 
of  its  junior  grades  according  to  their  individual  attainments — a  policy 
which  tends  to  retain  appointments  and  promotions  within  the  ranks 
of  the  profession. 

The  credit  for  these  highly  commendable  results  is  attributable 
principally  to  wise  and  tolerant  administration  and  the  very  sparing 
use  of  legal  power;  also  to  the  carefully  framed  educational  policy 
aimed  to  teach  the  engineer,  the  client,  and  the  employer,  together 
with  the  junior  aspirants  to  professional  rank,  their  parents  and  instruc- 
tors, the  higher  duties,  qualifications  and  ethics  of  professional  life. 
The  noticeable  improvement  in  the  status  of  British  Columbia  engineers 
rests  partly  on  the  maturing  strength  of  the  Association,  and  partly 
on  the  power  exercised  by  the  Council,  to  conduct  inquiries  into  all 
complaints  arising  from  irregularities  in  professional  conduct,  or  from 
failures  attributable  to  negligence  or  lack  of  professional  qualifications, 
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The  thoroughness  iuid  iinpartiahty  with  wliich  thos(;  irujuiiics  arc 
oonductpd,  together  with  tho  exercise  of  disciplinary  powers  when 
circumstances  warrant,  is  serving  to  estabhsii  in  the  puhhc  mind 
that  the  B.C.  profession  is  soundly  constituted  and  stands  for  a  square 
deal  to  both  the  practitioner  and  the  client. 

In  cases  of  evasion  of  the  law  or  of  professional  misdemeanour,  a 
privately  conducted  investigation,  followed  by  a  forceful  presentation 
to  the  culprit  of  the  unethical  nature  of  the  practice  complained  of, 
backed  by  the  power  of  organized  professional  opinion,  usually  has  a 
salutary  effect.  The  potentialities  of  this  method  are  based  entirely 
on  professional  esprit-de-corps.  The  knowledge  that  such  things 
simply  are  not  done  is  a  powerful  deteirent.  The  odd  successful  case 
of  evasion,  either  of  the  law  or  the  code  of  ethics,  eventually  leads  the 
perpetrator  into  an  untenable  position. 

Although  the  present  administrative  practice  of  the  Association 
is  to  some  extent  in  advance  of  the  actual  letter  of  the  law,  -further 
amendment  of  the  Engineering  Act  would  greatly  simplify  the  process 
of  enforcing  obedience  in  recalcitrant  parties.  Amendments  have  been 
under  consideration  for  several  years  past,  but  application  for  legisla- 
tion has  been  withheld,  pending  the  adjustment  of  certain  differences 
of  opinion  as  to  the  precise  intention  of  some  clauses.  Considerable 
progress  has  been  made  of  late  towards  ironing  out  these  difficulties. 

Admission  by  Examination  and  the  Student  System 

The  most  important  requirement  of  the  Engineering  Act  of  B.C. 
in  the  practical  sense,  is  the  duty  laid  upon  the  Association  to  pass 
by-laws  providing  for  "the  examination  and  admission  of  candidates 
to  the  study  and  practice  of  professional  engineering."  That  clause 
was  inserted  in  the  Act  because  it  was  recognized  that  a  successful 
attempt  to  raise  the  status  of  the  profession  must  depend  primarily 
on  a  strictly  enforced  standard  of  qualifications  for  all  persons  entitled 
to  the  use  of  the  term  "professional  engineer."  Therefore,  admission 
by  examination  became  a  cardinal  principle  of  the  Association,  and 
early  materialized  in  a  carefully  prepared  system,  administered  by  a 
competent  Board  of  Examiners.  This  principle  is  the  real  foundation 
of  "The  Engineering  Profession  in  British  Columbia." 

From  the  beginning  it  was  evident  that,  quite  apart  from  the 
eventual  registration  of  every  adult  practitioner,  provision  would  have 
to  be  made  for  the  education  and  training  of  the  youth  of  the  province 
to  fit  them  for  admission  to  the  profession  upon  reaching  the  qualifying 
age.  The  resulting  by-laws  gave  effect  to  the  belief  that  in  the  course 
of  a  few  years,  the  strength  of  the  Association  would  be  maintained 
not  so  much  by  the  annual  increment  of  new  practitioners  taking  up 
residence  in  the  province,  as  by  the  annual  influx  from  the  ranks  of 
the  junior  assistant  engineers  employed  therein.  The  Association  has 
no  power  to  exercise  legal  compulsion  in  this  regard,  but  by  virtue  of 
its  "Student  System,"  the  youth  are  encouraged  to  enrol  in  the  succes- 
sive grades  of  "Engineering  Pupils"  and  "Engineers-in-Training,"  and 
are  progressed  by  prescribed  courses  of  study  and  examination  until 
they  finally  qualify  for  admission  under  the  Act.  As  before  stated,  over 
five  hundred  of  these  juniors  are  enrolled  under  the  "Student  System." 

The  non-university  applicant  may  file  his  name  with  the  Associa- 
tion at  the  age  of  17,  on  being  sponsored  by  his  employer.  At  19  he 
sits  for  the  Preliminary  Examination.  At  21  or  22,  depending  on  his 
progress,  he  can  take  the  Intermediate,  which  qualifies  him  as  an 
Engineer-in-Training.  At  25  to  27  he  may  sit  for  the  Final  or  Pro- 
fessional Examination. 

The  university  undergraduate  in  engineering  is  advised  and  en- 
couraged to  enrol  as  an  Engineering  Pupil  in  his  third  year.  Upon 
graduation  he  is  granted  enrolment  as  an  Engineer-in-Training  on 
application,  without  being  required  to  sit  for  the  Intermediate  Examina- 
tion. The  Final  Examination  takes  the  form  of  a  thesis,  based  on  the 
candidate's  experience  during  the  four  years  subsequent  to  graduation. 
However  if  the  curriculum  of  the  institution  be  not  approved  by  the 
Council  of  the  Association,  the  graduate  may  be  required  to  pass  the 
Intermediate,  and  will  most  certainly  be  required  to  sit  for  the  full 
Final  Examination  before  being  granted  a  certificate  of  registration. 

By  virtue  of  this  system,  not  only  does  the  Association  promote 
the  advancement  of  the  status  of  the  profession,  but  it  ensures  from 
youth,  the  development  and  continuance  of  a  proper  professional 
consciousness  throughout  its  membership,  based  on  the  principle  that 
what  requires  effort  to  obtain,  is  thereafter  the  more  highly  prized 
and  the  more  jealously  guarded. 

The  Dissemination  of  Engineering  Knowledge 
Up  to  this  point,  little  has  been  said  about  the  essential  functions 
of  professional  organization,  which  are  in  a  measure,  complementary 
to  the  business  of  registering  and  regulating  the  profession.  These 
functions,  selected  from  the  objects  of  The  Institute,  are  familiar  to 
readers  of  The  Journal. 

"To  facilitate  the  acquirement  and  interchange  of  professional 
knowledge  among  its  members;  to  encourage  original  research,  and  the 
study,  development  and  conservation  of  the  resources  of  the  Dominion; 
to  collaborate  with  the  universities  and  other  educational  institutions 
in  the  advancement  of  engineering  education. 

"To  promote  intercourse  between  engineers  and  members  of  allied 
professions;  to  co-ioperate  with  other  technical  societies  for  the  advance- 
ment of  mutual  interests. 


"To  advance;  tlu;  profc^ssional,  the  social  and  th(!  economic  welfare 
of  its  members  and  to  enhance  the  usefulness  of  the  profession  to  the 
public." 

The  provincial  corporations  in  general,  and  the  B.C.  Association 
in  particular,  are  not  equipped  to  maintain  these  objectives  as  a  whole, 
although  their  regular  activities  must  necessarily  be  concerned  with 
the  professional  and  economic  welfare  of  their  members,  and  very 
properly,  with  the  advancement  of  engineering  education.  Most  of 
the  field  as  outlined,  is  left  clear  for  the  voluntary  societies,  although 
the  B.C.  Association  has  an  auxiliary  luncheon  organization  called  the 
"Engineers'  Club,"  which  serves  as  a  meeting  ground  for  professional 
engineers  of  all  branches  in  the  Vancouver  area.  The  fortnightly 
luncheon  meetings,  usually  addressed  on  some  topic  of  general  interest 
to  the  profession,  have  become  a  popular  institution  and  are  beneficial 
in  breaking  down  that  sectionalism  that  is  so  apt  to  affect  the  relations 
of  the  various  branches  of  the  profession.  Moreover,  the  Club,  during 
the  past  three  or  four  years,  has  maintained  an  Engineers'  Relief  Com- 
mittee, which  has  centralized  the  efforts  that  otherwise  would  have 
necessitated  separate  committees  in  each  of  the  voluntary  societies. 
This  work  has  been  efficiently  handled  through  the  Registrar's  office, 
and  even  non-registered  men  have  been  aided  wherever  possible,  thus 
indicating  that  the  professional  men  are  at  least  actuated  by  a  broad- 
minded  spirit. 

In  recent  years  it  has  often  been  stated  that  the  principal  object 
of  The  Institute  is  the  dissemination  of  professional  knowledge.  If 
this  assertion  be  true,  it  is  equally  certain  that  The  Institute's  activities 
in  that  direction  do  not  cover,  in  the  practical  sense  at  any  rate,  the 
whole  field  of  engineering,  even  in  the  province  of  British  Columbia. 
There  are  other  prominent  voluntary  societies  engaged  in  the  dissemina- 
tion of  engineering  knowledge  and  the  promotion  of  research — in  the 
mining  and  metallurgical  field  for  one,  and  the  electrical  field  for  another. 
Moreover,  the  number  of  national  industrial  associations  which  maintain 
committees  on  engineering  matters  in  connection  with  their  own  special 
branches  of  industry,  is  very  extensive.  The  personnel  of  these  com- 
mittees usually  are  chief  or  consulting  engineers  representing  large 
organizations,  with  plenty  of  funds  to  spend  on  experimental  work 
under  the  direction  of  specialist  engineers,  the  result  being  the  produc- 
tion of  reports  or  papers  which  in  many  cases  are  of  outstanding  value 
as  contributions  to  engineering  knowledge. 

The  Institute's  activities  are  of  interest  mainly  to  civil,  structural 
and  hydro-electrical  engineers,  although  some  attention  is  given  to  the 
mechanical  and  aeronautical  branches.  Broadly  speaking  however, 
electrical,  mining,  metallurgical,  chemical,  forestry,  and  many  other 
specialist  engineers  have  to  depend  on  societies  other  than  The  Institute 
for  their  professional  "stock  in  trade."  These  bodies  vary  in  character 
from  something  approximating  The  Institute,  to  the  definitely  con- 
stituted industrial  bodies.  The  latter  type  has  two  main  varieties; 
the  one,  such  as  the  Canadian  Institute  of  Mining  and  Metallurgy, 
being  composed  of  individuals  and  member  companies;  the  other,  such 
as  the  Canadian  Transit  Association,  being  composed  of  member  com- 
panies only. 

During  recent  years,  some  members  of  The  Institute  have  advocated 
reorganization  as  a  technical  society,  open  to  all  ranks  of  engineering 
without  special  regard  to  professional  qualifications,  their  aim  being  a 
great  increase  in  membership  from  what  the  B.C.  profession  terms  the 
"skilled  artisan  class,"  thereby  enlarging  the  scope  of  The  Institute 
as  a  disseminator  of  general  engineering  knowledge.  Obviously  a  body 
of  that  character  would  be  face  to  face  with  a  diversification  of  activity 
quite  beyond  practical  limits;  and  moreover,  it  would  immediately  be 
in  open  competition  with  the  numerous  industrial  associations  now 
functioning  successfully  in  almost  every  branch  of  engineering.  For 
these  rea.sons,  if  for  no  other,  the  proposal  appears  to  be  unsound. 

The  Skilled  Artisans 

The  term  "skilled  artisan"  is  used  broadly,  to  distinguish  the 
mass  of  persons  engaged  in  the  field  of  engineering,  from  those  who 
are  especially  grouped  as  the  engineering  profession.  The  former  are 
men  without  higher  educational  qualifications,  who  comprise  the 
routinists  of  engineering  organization,  from  which  stratum  emerge 
foremen,  inspectors,  supervisors  (such  as  roadmasters,  bridge  or  build- 
ing masters,  etc.),  superintendents  and  contractors.  In  this  stratum 
the  university  graduate  and  the  well  qualified  practically  trained 
engineer  carry  on  without  any  distinction  or  recognition  as  professional 
men  in  the  making.  The  system  in  force  in  British  Columbia  reaches 
out  a  helping  hand  to  these  men  by  classifying  them  and  offering 
guidance  to  their  final  training  as  professional  engineers. 

Before  the  advent  of  the  provincial  corporations  of  engineers. 
The  Institute  was  the  only  body  in  Canada  whose  standards  of  ad- 
mission enabled  the  young  graduates  and  the  practically  trained 
aspirants  to  professional  rank,  to  acquire  recognition  as  professional 
men  in  the  making.  The  Institute  still  performs  this  service  in  its 
own  way,  and  that  is  the  reason  why  the  B.C.  Association  has  raised 
such  strenuous  objection  to  the  proposal  to  lower  the  standards  of 
admission.  A  flood  of  "skilled  artisans"  entering  The  Institute  on 
terms  of  equality  with  professional  men,  would  entirely  destroy  the 
advantages  of  membership  to  the  latter,  and  would  eliminate  any 
possibility  of  closer  relations  with  the  provincial  professional  bodies. 

Moreover,  the  fact  that  the  public  has  been  educated  to  regard 
membership  in  The  Institute  as  evidence  of  professional  standing,  is  a 
further  reason  why  a  general  lowering  of  the  standards  of  admission 
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are  regarded  with  keen  disfavour  by  British  Columbia  engineers,  who 
have  been  to  such  pains  and  expense  to  impress  upon  the  pubhc  mind, 
the  practical  advantages  of  employing  the  enrolled  pupil  engineer,  the 
engineer-in-training  and  the  fully  qualified  professional  engineer,  in 
place  of  the  untrained  routinist  and  the  partially  qualified  engineer. 
Try  to  picture  the  confusion  in  the  public  mind,  if  in  their  own  organiza- 
tion, engineers  on  the  one  hand  deny  professional  standing  to  any 
person  who  is  not  qualified  under  their  own  standards,  and  on  the  other 
hand,  they  themselves  disregard  these  standards  as  being  of  no  con- 
sequence. How  could  the  public  be  expected  to  learn  the  lesson  we 
are  at  such  pains  to  teach,  if  they  were  to  observe  professional  men 
and  "skilled  artisans"  mingling  on  a  comm.on  footing  in  a  supposedly 
professional  society.  No  amount  of  explanation  would  suffice  to  undo 
the  mischief. 

The  Engineering  Profession  in  Canada 

Having  made  such  noteworthy  progress  with  their  provincial 
organization,  and  having  demonstrated  the  soundness  of  their  policies 
and  methods  of  administration,  is  it  to  be  wondered  at  that  British 
Columbia  engineers  have  an  earnest  desire  to  see  their  system  in  effect 
in  every  province?  They  are  conscious  of  having  pioneered  a  way  to 
fuller  recognition  and  appreciation  of  the  engineering  profession  by 
engineers  themselves  as  well  as  by  the  public.  They  believe  that  only 
so  long  as  the  composition  and  policies  of  the  voluntary  societies  are 
at  one  with  the  interests  of  the  profession,  are  such  societies  entitled 
to  a  place  in  the  professional  organization. 

The  Institute  is  one  of  the  voluntary  societies,  but  notwithstanding 
the  superiority  of  its  membership,  numerically  and  professionally,  there 
are  numerous  engineers  qualified  for  professional  status  whom  The 
Institute  has  not  enrolled.  The  engineering  profession,  however, 
embraces  all  of  these  men.  Therefore,  if  the  proposed  extension  of 
professional  organization  is  to  effect  a  condition  of  complete  solidarity, 
the  mining  and  metallurgical  engineers,  for  example,  must  be  given  a 
voice  in  both  the  preliminary  and  final  negotiations.  Their  society 
unfortunately  is  of  the  industrial  type.  It  meets  their  own  require- 
ments, and  we  have  no  right  to  interfere  with  its  organization  or  its 
activities.  But  on  account  of  its  composition,  the  Canadian  Institute 
of  Mining  and  Metallurgy  is  not  admissible  as  a  body,  to  negotiations 
involving  strictly  professional  organization.  Consequently  it  was 
necessary,  a  few  years  ago,  to  exclude  all  the  voluntary  societies  from 
the  preliminary  discussion  of  national  organization  of  the  profession, 
in  order  to  avoid  any  appearance  of  discrimination.  By  limiting  these 
discussions  to  representatives  of  the  provincial  corporations,  which 
enrol  all  practitioners  irrespective  of  their  specialist  qualifications,  this 
principle  was  maintained.  The  final  outcome  was  the  report  of  the 
"Committee  of  Eight"  in  1932. 

That  report  outlined  a  general  plan  for  co-ordinating  the  eight 
provincial  corporations  under  a  Dominion  Engineering  Council,  having 
in  view  the  eventual  equalization  of  engineering  acts,  standards  of 
admission  to  practise,  student  systems,  and  administration  policy. 

The  report  further  recommended  a  Dominion  Engineering  Body 
composed  of  the  membership  of  the  provincial  corporations,  and 
intended  to  function  along  the  lines  of  The  Institute,  as  a  society 
complementary  to  the  registration  or  licensing  organization.  The 
Institute  is  thus  afforded  an  opportunity  to  fit  itself  for  acceptance 
as  the  Dominion  Body  of  the  Engineering  Profession  in  Canada.  Now 
it  should  be  more  than  ever  evident  why  The  Institute  would  be  acting 
contrary  to  its  own  interests,  if  it  resolved  itself  into  a  wide-open 
industrial  body,  as  some  members  have  advocated. 

The  Institute's  Opportunity 

It  was  expected  that  active  steps  to  implement  the  report  of  the 
Committee  of  Eight  would  soon  be  taken  by  the  provincial  corpora- 
tions. Unfortunately,  however,  the  apparent  lack  of  appreciation  of 
the  real  intention  of  the  report,  coupled  with  the  absence  of  a  central 
agency  to  arouse  the  provincial  bodies  to  action,  has  resulted  in  a 
marked  recession  of  interest  in  the  matter  east  of  the  Rockies.  If  The 
Institute  could  be  won  over  to  the  undivided  support  of  British  Colum- 
bia principles,  it  could,  through  its  Journal  and  the  co-operation  of  its 
twenty-five  branches,  conduct  a  national  campaign  to  get  the  move- 
ment started  afresh. 

Successful  completion  of  the  interprovincial  organization  under 
the  Dominion  Council  would  pave  the  way  to  fulfilment  of  the  ideal 
presented  herein,  of  the  Engineering  Profession  in  Canada  fashioned 
after  the  Engineering  Profession  in  B.C.  Meanwhile,  The  Institute, 
by  giving  leadership  to  this  movement,  would  be  accorded  recognition 
by  practitioners  in  all  branches  of  the  profession  as  their  potential 
Dominion  body,  thereby  assuring  its  eventual  acceptance  as  such  by 
common  consent. 

Institute  Development 

In  the  opinion  of  British  Columbia  professional  engineers,  any 
broadening  of  the  basis  or  lowering  of  the  standards  of  admission  to 
The  Institute,  whereby  any  person  "fit  to  associate  with  engineers" 
would  be  allowed  to  enrol  in  The  Institute  and  thus  receive  its  official 
recognition,  is  contrary  to  all  principles  of  a  professional  body  and 
would  be  a  retrograde  step.  The  common  sense  policy  would  be  to 
build  up  the  membenship  exclusively  with  professional  engineers  and 
professional  students. 

It  is  believed  that  the  present  corporate  membership  would  quickly 
sanction  as  an  emergency  measure,  a  resolution  facilitating  the  admission 


of  the  registered  professional  engineer  with  a  minimum  of  formality 
the  same  to  apply  to  all  students  enrolled  in  the  provincial  corporations. 
Meanwhile,  The  Institute,  in  its  own  interests,  should  set  itself  to  the 
task  of  developing  in  the  other  provincial  corporations,  the  same 
professional  philosophy  that  actuates  the  Association  of  Professional 
Engineers  of  British  Columbia. 

Regarding  the  progression  of  student  engineers  through  the  inter- 
mediate grade  to  corporate  membership,  the  extraordinary  disparity 
in  the  number  of  Juniors  compared  to  Students  in  The  Institute  List 
of  Members,  points  to  the  desirability  of  active  remedial  measures. 
When  students  are  allowed  to  follow  their  own  devices  and  drop  out 
because  they  feel  that  The  Institute  has  lost  its  appeal,  the  resulting 
tendency  to  become  apathetic  to  professional  duties  and  privileges  is 
apt  to  dissuade  them  from  ever  seeking  enrolment  as  corporate  members. 
Thus  they  become  lost  to  The  Institute  altogether.  Does  it  not  appear 
rather  incongruous,  that  anyone  who  is  following  the  career  of  a  pro- 
fessional engineer,  and  who  once  has  felt  an  urge  to  become  enrolled 
in  The  Institute,  should,  in  the  ordinary  course  of  events,  ever  desire 
to  drop  out  ?  Why  are  the  Juniors  shown  in  the  1932  List  of  Members, 
for  example,  only  9.5  per  cent  of  the  total  strength,  whereas  the  Students 
amount  to  19.5  per  cent?  The  depression  was  not  wholly  responsible 
for  this  discrepancy. 

By  comparison,  the  Pupil  Engineers  enrolled  in  the  B.C.  Associa- 
tion in  1934  were  18.5  per  cent  of  the  total  strength,  while  the  Engineers- 
in-Training  (intermediate  grade)  were  20  per  cent.  If  The  Institute, 
like  the  Association,  had  been  paying  close  attention  to  the  younger 
element  in  its  membership,  it  might  at  this  time  have  had  roughly 
three  times  the  present  number  of  Juniors,  most  of  whom  would,  in 
due  course,  become  corporate  members.  The  possibilities  of  this 
resource  are  of  practical  interest,  when  compared  with  the  net  results 
of  the  present  practice  of  increasing  the  corporate  membership  by 
trying  mainly  to  induce  fully  qualified  engineers  to  join. 

Joint  Development  Before  Federation 
Coming  back  to  the  problem  stated  at  the  beginning  of  this  thesis, 
there  does  not  appear  to  be  any  genuine  prospect  of  federation  other 
than  by  the  general  procedure  recommended  by  the  Committee  of 
Eight.  A  great  deal  of  study  will  have  to  be  given  to  detail  arrange- 
ments, such  as  the  collection  of  fees,  when  the  relation  of  The  Institute 
to  the  group  of  eight  provincial  corporations  becomes  more  clearly 
defined  as  their  Dominion  body.  British  Columbia  engineers  believe 
that  the  rate  of  progress  will  depend  on  the  rapidity  with  which  the 
principles  and  objectives  herein  presented  become  generally  understood 
and  accepted.  Co-operation  based  on  uniformity  of  aims  is  the  common- 
sense  procedure  to  follow,  and  the  only  one  capable  of  obtaining  success. 
Institute  members  are  urged  to  apply  the  knowledge  gained  in 
British  Columbia  to  the  study  of  each  scheme  of  federation  submitted 
for  their  approval.  Meanwhile  the  general  situation  can  be  improved 
by  a  process  of  joint  development  initiated  in  the  following  ways: 

(1)  Recognize  and  employ  the  Dominion  Committee  of  Eight  to 
discuss  all  schemes  for  the  consolidation  of  the  Engineering  Profession 
in  Canada.  The  functioning  of  this  Committee  can  be  facilitated 
through  informal  discussions  between  Dr.  Gaby,  President  of  The 
Institute,  and  Mr.  J.  M.  Robertson,  Chairman  of  the  Committee  of 
Eight;  also  through  frequent  meetings  of  the  individual  members  of 
the  Committee  with  the  executive  officers  of  their  respective  provincial 
corporations  and  the  officers  of  the  local  branches  of  The  Institute. 

(2)  It  would  be  advisable  to  abandon  all  joint  committees  now 
functioning,  whose  members  are  not  active  members  of  their  respective 
executive  bodies.  It  is  essential  that  the  individual  committee  members 
shall  be  in  intimate  contact  with  the  active  conduct  of  affairs  in  their 
respective  organizations,  otherwise  they  cannot  be  truly  representative 
of  local  opinion. 

(3)  Invite  all  registered  professional  engineers  to  join  The  Institute 
as  corporate  members  with  minimum  formality,  sponsorship  by  the 
registrar  of  the  provincial  corporation  being  sufficient  for  acceptance 
of  the  application.  For  this  purpose  a  special  short  apphcation  form 
similar  to  that  in  use  by  the  C.I.M.M.  would  suffice.  Extend  a  similar 
invitation  to  all  students  enrolled  in  the  provincial  corporations. 

(4)  Promote  the  adoption  of  a  professional  student  system  by 
each  provincial  corporation,  similar  to  if  not  identical  with  the  British 
Columbia  system;  Institute  headquarters  and  branches  to  co-operate 
by  encouraging  student  engineers  to  enrol  in  both  bodies. 

(5)  By  these  means,  the  establishment  of  a  common  membership, 
both  corporate  and  junior,  composed  exclusively  of  professional  en- 
gineers and  professional  students  will  eventuate  in  consolidation  as  the 
Engineering  Profession  in  Canada. 

(6)  We  do  not  feel  at  the  moment,  that  the  present  variation  in 
the  qualifications  for  admission  to  corporate  membership  in  the  eight 
provincial  associations  provides  sufficient  grounds  for  excluding  from 
The  Institute  any  person  who  has  complied  with  the  law  and  obtained 
registration,  provided  he  is  vouched  for  by  the  registrar  or  other 
responsible  officer.  The  fact  that  by  so  doing,  he  has  attained  legally 
acknowledged  professional  status,  is  the  really  important  point  after 
all.  If  a  few  improperly  qualified  engineers  were  to  sHp  in  during  the 
process,  their  very  small  minority  would  have  no  appreciable  bearing 
on  the  objective  in  view.  In  any  case,  the  operation  of  the  student 
system,  as  in  British  Columbia,  would  eventually  produce  uniformity 
of  training  and  qualifications  for  all  future  admissions,  and  time  would 
do  the  rest. 
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(7)  It  is,  of  course,  essential  for  The  Institute  to  do  everything 
in  its  power  to  persuade  its  present  unregistered  resident  membership 
to  acquire  registered  standing  at  the  carUest  possible  moment.  That 
is  a  policy  which  British  Columbia  has  constantly  urged,  but  which 
The  Institute  has  neglected  to  follow.  By  putting  it  into  effect  at 
once,  The  Institute  would  not  only  be  building  up  its  own  professional 
strength  and  influence,  but  would  gain  external  support  and  approba- 
tion which  would  go  far  towards  making  its  path  in  life  an  easier  and 
a  happier  one. 

CORRESPONDENCE 

The  Foundation  Co.  of  Canada  Ltd. 

Montreal 
The  Editor,  May  31st,  1935. 

The  Engineering  Journal, 

Dear  Sir: — 

With  regard  to  the  Canadian  Standard  Forms  of  Construction 
Contract  which  have  been  approved  by  The  Engineering  Institute  of 
Canada  and  the  Canadian  Construction  Association,  to  which  reference 
is  made  in  the  January  and  March  issues  of  The  Engineering  Journal,* 
I  desire  to  offer  some  criticism  as  to  their  applicability  to  engineering 
contracts  as  distinguished  from  building  construction. 

I  have  no  particular  comments  to  make  on  the  form  for  use  when 
the  work  is  being  done  for  a  stipulated  sum,  as  I  think  this  should 
prove  quite  satisfactory.  In  my  personal  opinion  the  form  for  the 
percentage  or  fixed  fee  type  of  contract  is  open  to  a  good  deal  of  crit- 
icism and  would  hardly  be  applicable  to  certain  classes  of  engineering 
work.  I  believe  this  contract  form  was  originally  drawn  up  for  building 
work  and  it  would  doubtless  be  a  workable  form  of  contract  for  the 
general  run  of  urban  building  construction,  but  I  doubt  if  it  would  be 
found  entirely  satisfactory  for,  say,  a  large  industrial  plant  located  at  a 
considerable  distance  from  the  source  of  labour  and  materials. 

The  relations  between  the  owner  and  the  contractor  on  a  percentage 
or  fee  contract  are  basically  quite  different  from  the  relations  of  the 
two  under  a  lump  sum  contract.  When  an  owner  engages  a  contractor 
on  a  fee  or  percentage  basis  he  is,  or  should  be,  buying  the  services  of 
an  organization  which  he  feels  is  especially  competent  to  handle  the 
particular  project  in  view.  He  may  or  may  not  engage  an  organization 
that  has  the  necessary  plant  and  equipment  for  carrying  out  the  work, 
as  it  is  quite  common  on  large  projects  for  the  plant  to  be  bought  for 
the  account  of  and  charged  to  the  cost  of  the  work.  Again  it  is  quite 
common  to  find  cases  where  the  owner  is  himself  supplying  a  portion 
of  the  organization  or  is  supplying  certain  services  to  the  contractor  or 
is  supplying  a  portion  of  the  plant.  Irrespective  of  how  the  details 
are  arranged  these  must  of  necessity  vary  to  some  extent  in  each  case. 
The  basic  principle  of  the  contract  is  that  the  owner  is  paying  the 
contractor  a  fee  for  the  use  of  his  organization  and  facilities  and  for 
services  rendered,  the  engagement  being  much  the  same  as  the  engage- 
ment of  a  lavsryer,  engineer  or  other  expert  acting  in  a  professional 
capacity.  In  my  own  experience  the  relationship  as  outlined  above  is 
the  one  that  actually  exists  in  the  great  majority  of  cases  under  the 
fee  or  percentage  form  of  contract,  but  I  do  not  think  that  this  basic 
relationship  is  recognized  in  the  standard  form  which  has  been  approved 
by  The  Institute. 

Under  the  fixed  price  type  of  contract  the  relations  between  the 
owner  and  the  contractor  are  in  general  quite  difTerent,  the  basic 
principle  being  that  the  owner  is  buying,  not  so  much  a  service  as  a 
completed  structure  or  piece  of  work,  the  details  of  which  have  been 
carefully  specified.  Under  this  form  of  contract,  the  extent  and  character 
of  the  work,  its  quality  and  the  method  of  executing  it,  must  form  an 
important  part  of  the  agreement,  and  machinery  must  usually  be  set 
up  for  supervision  and  inspection,  and  in  general  for  determining 
whether  or  not  the  work  as  executed  is  in  fact  that  which  the  contractor 
has  agreed  to  deliver.  For  this  work  the  owner  pays  a  pre-arranged 
price,  irrespective  of  the  cost.  If  the  cost  can  be  reduced  in  any  way 
the  contractor  benefits;  if  it  is  increased  the  contractor  stands  the  loss. 

Under  the  fee  or  percentage  contract  the  contractor  is  therefore 
acting  in  a  sense  as  a  trusted  employee  of  the  owner,  occupying  a  posi- 
tion of  considerable  responsibOity,  and  if  he  performs  his  functions 
properly  he  is  bound  to  give  the  owner  the  best  and  most  efficient 
service  he  can,  and  the  whole  contract  of  engagement  should  recognize 
that  the  contractor  is  working  solely  in  the  interests  of  the  owner. 
In  this  sense  I  think  that  the  standard  form  of  contract  fails  to  cover 
what  I  think  should  be  the  true  intent  of  the  agreement. 

In  the  actual  working  out  of  a  cost  plus  contract  it  has  been  my 
experience  that  the  most  important  thing  is  to  have  a  clear  under- 
standing as  to  exactly  what  is  to  be  included  in  the  cost  of  the  work, 
and  what  items  of  cost  are  to  be  paid  out  of  the  contractor's  fee.  I 
think  that  the  wording  of  Article  IV,  which  defines  the  cost,  might  be 
materially  improved  and  clarified.  It  would  appear  also  that  two 
items  of  cost  which  are  quite  important  on  many  engineering  con- 
tracts, are  not  covered  at  all  in  this  article,  namely  the  cost  of  build- 
ing, equipping  and  operating  camps  and  commissary,  the  question  of 
profit  or  loss  from  same  and  the  cost  of  securing  and  transporting 
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labour.  I  think  that  paragraph  (k)  of  Article  IV  is  entirely  impracticable 
and  wrong  in  principle  for  the  average  engineering  undertaking,  although 
it  might  be  workable  on  an  urban  building  contract.  Plant  rental 
and  overhead  bear  no  even  approximately  fixed  relation  to  the  re- 
mainder of  the  other  costs.  A  contractor  figuring  on  a  given  piece  of 
work  might  be  willing  to  take  a  very  low  percentage  for  this  item  (k), 
figuring  on  executing  the  work  without  very  much  machinery,  whereas 
a  contractor  figuring  on  a  highly  mechanized  job  might  have  to  ask 
several  hundred  per  cent  and  the  latter  might  easily  be  the  more 
economical  way  of  handling  the  work.  The  plant  charges  for  making 
an  excavation  by  hand  are  nothing,  whereas  the  plant  charges  for 
making  an  excavation  using  a  modern  large  capacity  shovel  or  drag- 
line constitute  almost  the  entire  cost  and  might  be  one  thousand  per 
cent  of  the  other  costs. 

In  my  opinion  there  are  a  great  many  minor  items  of  cost  that  are 
not  covered  by  Article  IV,  among  which  I  might  mention  drawings  and 
blue  prints,  telephone  service  and  telegrams,  stationery  and  office 
equipment,  such  as  adding  machines,  typewriters,  etc.  These  items 
are  not  in  the  aggregate  of  great  importance  but  it  is  these  small  things 
that  give  rise  to  disputes  if  they  are  not  properly  covered  in  the  first 
instance.  I  think  it  is  equally  important  that  there  be  another  article, 
corresponding  to  Article  IV  stating  clearly  and  concisely  what  items  of 
cost  the  contractor  is  to  assume  out  of  his  fee. 

I  think  the  whole  question  of  plant  is  badly  treated  in  the  standard 
contract,  and  as  I  have  stated  above,  I  do  not  think  Clause  IV  (k)  is, 
generally  speaking,  workable.  The  standard  contract  appears  to  stip- 
ulate only  in  very  general  terms  that  the  contractor  is  to  supply 
plant.  Usually  the  question  of  plant  is  considered  to  be  of  primary 
importance  by  both  the  owner  and  the  contractor,  and  the  possession  by 
the  latter  of  adequate  plant  and  equipment  is  often  the  controlling 
factor  of  the  engagement.  In  other  cases  all  plant  may  be  furnished  by 
the  contractor  and  the  capital  cost  of  same  may  be  a  charge  against  the 
cost  of  the  work.  In  yet  other  cases  certain  parts  of  the  plant  may  be 
furnished  by  the  owner  or  may  be  bought  as  a  part  of  the  cost  of  the 
work,  and  certain  other  parts  may  be  furnished  by  the  contractor. 
None  of  these  cases,  which  are  all  quite  common,  appear  to  be  covered 
in  the  standard  contract.  I  think  every  cost  plus  contract  should 
stipulate  exactly  what  classes  of  plant  are  to  be  furnished  by  each  of  the 
parties  to  the  contract,  how  it  is  to  be  paid  for  and  what  disposition  is 
to  be  made  of  it  when  it  has  served  its  purpose.  Our  own  practice  on 
lump  sum  work  is  to  charge  to  the  contract  cost  depreciation  or  rental 
on  standard  construction  plant  at  stipulated  rates  for  each  item,  as- 
sembling and  loading  same  at  a  fixed  rate  per  ton,  transportation  to  and 
from  the  work,  and  installation,  operation,  maintenance,  dismantling 
and  repairs.  We  issue  a  printed  schedule  that  serves  to  define  what 
items  of  equipment  are  considered  as  standard  plant  and  a  monthly 
rate  for  each  item.  We  consider  that  all  special  plant  and  equipment  is 
chargeable  to  the  cost  of  a  particular  operation  and  that  rented  plant  is 
likewise  chargeable  to  the  operation  at  actual  cost.  Under  a  percentage 
contract  we  naturally  prefer  to  treat  plant  in  exactly  the  same  way  that 
we  would  under  a  lump  sum  contract,  but,  if  the  client  prefers,  we  can 
modify  this  system  to  any  degree  that  may  seem  desirable,  and  we  have 
on  occasion  quoted  a  fixed  sum  to  include  all  plant  charges. 

Engineering  contracts  quite  frequently  involve  the  use  of  very 
highly  specialized  and  costly  items  of  plant  that  are  built  for  a  particular 
operation  and  are  virtually  scrapped  upon  the  completion  of  that  oper- 
ation, or,  if  they  are  not  actually  scrapped,  are  subject  to  a  very  large 
charge  for  obsolescence.  I  cite,  for  example,  the  large  shovel  and 
draglines  used  at  Beauharnois,  or  the  electric  shovels  which  we  our- 
selves used  at  Masson  and  which  were  built  to  work  in  a  tunnel  of  a 
certain  size  and  grade,  and  could  be  used  elsewhere  only  with  sub- 
stantial alteration.  I  might  also  cite  the  many  cases  of  engineering 
contracts  that  require  the  use  of  tugs,  barges,  lighters,  dredges,  derrick 
boats,  etc.,  each  of  which  is  usually  treated  as  a  separate  operating  unit 
subject  to  various  maritime  risks  which  are  usually  insured  against.  1 
do  not  think  the  standard  form  of  contract  covers  any  special  plant  or 
equipment  of  this  nature. 

It  has  been  the  writer's  experience  that  insurance  is  an  item  that 
should  be  very  completely  covered  in  a  fee  or  percentage  contract,  and 
I  would  say  that  the  standard  form  fails  in  this.  It  is  possible  to  insure 
against  almost  every  conceivable  kind  of  risk,  and  it  is  usually  advisable 
for  the  contractor  to  call  the  owner's  attention  to  the  various  classes  of 
risks  that  can  be  covered  by  insurance,  and  to  recommend  in  each  par- 
ticular case  the  risks  that  should  be  underwritten  and  those  that  should 
be  assumed  as  a  part  of  the  cost  of  the  work.  The  standard  form  of 
contract  could,  I  think,  cover  this  question  of  insurance  in  general  terms 
and  should  in  some  way  cite  the  various  classes  of  insurance  which 
might  be  carried,  leaving  it  for  those  negotiating  the  contract  to  insert 
the  details.  In  support  of  my  criticism  of  the  standard  form  might 
I  call  attention  to  Article  VIII  of  the  General  Conditions  which  would 
require  the  contractor  to  insure  the  work  against  loss  by  fire  to  the  extent 
of  80  per  cent  of  its  total  value,  bearing  in  mind  that  the  work  might 
consist,  for  example,  of  a  concrete  dam  or  might  be  such  that  a  very 
large  proportion  of  the  cost  is  represented  by  excavation  or  earth  fill. 
Article  VII  of  the  General  Conditions  would  apparently  require  the 
contractor  to  insure  for  personal  injury  without  limit,  or  himself  assume 
the  excess  risk,  which  is  I  think  often  quite  contrary  to  accepted  prac- 
tice. 

On  a  large  cost  plus  operation  I  think  it  is  important  that  the  ques- 
tion of  salvaged  equipment,  tools  and  materials  be  adequately  covered 
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in  the  agreement.  By  salvaged  material  I  mean  special  equipment, 
salvage  material  from  temporary  structures,  salvage  material  from 
camps  and  commissaries,  and  such  items  as  pipe  and  fittings,  tools  and 
electrical  and  other  supplies  that  have  been  purchased  as  part  of  the 
cost  of  the  work  and  are  consequently  the  property  of  the  owner.  The 
actual  cost  of  these  items  will  have  been  very  substantial,  but  their 
value  at  the  completion  of  the  work  may  be  little  or  nothing  except  to 
someone  who  has  a  reasonable  prospect  of  being  able  to  use  them  at  a 
comparatively  early  date.  The  standard  contract  would  leave  the 
determination  of  the  value  of  this  salvage  in  the  hands  of  the  engineer 
who  might  have  little  or  no  knowledge  of  the  practical  end  of  the  con- 
struction business,  and  would  probably  have  an  exaggerated  idea  of  the 
real  value  of  the  material  concerned.  I  am  quite  sure  that  such  an 
arrangement  would  be  found  to  be  unsatisfactory  to  all  concerned, 
particularly  on  a  large  operation,  and  would  lead  to  endless  disputes. 

In  conclusion  I  admit  that  it  is  difficult  to  draw  up  a  standard  form 
of  contract  that  will  cover  such  a  broad  subject  as  engineering  con- 
struction, but  I  do  think  the  present  form  could  be  very  considerably 
improved  So  far  as  my  own  company  is  concerned,  n.ost  of  our  cost 
plus  contracts  have  simply  consisted  of  a  propo.sal  and  an  acceptance, 
the  former  having  attached  to  it  a  printed  circular  stating  what  is  to 
constitute  the  cost  of  the  work  and  what  items  of  cost  are  to  be  assumed 
out  of  the  fee,  and  a  schedule  that  lists  the  various  iten  s  of  plant  and 
the  monthly  rates  for  each. 

Yours  very  truly, 

R.  E.  Chadwick,  M.E.l  0. 


30  Howard  Street,  Toronto, 
July  15th,  1935. 


R.  J.  DuRLEY,  Esq.,  Editor, 
The  Engineering  Journal, 
Montreal. 
Dear  Sir: — 

The  writer  does  not  remember  ever  reading  a  more  interesting 
article  on  a  public  work  than  that  so  ably  given  in  the  July,  1935,  issue 
of  The  Journal  by  Mr.  Alphonse  Paradis,  m.e.i.c,  chief  engineer, 
Department  of  Highways,  Quebec,  Que.  Ap&rt  from  the  fund  of 
inforn  ation  on  Canadian  highways,  the  fittingly  interspersed  descrip- 
tions of  great  undertakings  in  foreign  countries  add  colourful  value  to 
a  good  work. 

The  article  is  well  worthy  of  intensive  study  by  young  engineers  for 
its  highly  informative  and  pleasing  eloquence  in  the  field  of  engineering. 

Yours  very  truly, 
(Signed)     W.  P.  Chapman,  m.e.i.c. 


1010  St.  Catherine  Street  West, 
The  Editor,  Montreal,  Que. 

The  Evgineering  Jouhntal,  July  10th,  1935. 

Montreal,  Que. 
Dear  Sir: — 

I  have  read  with  interest  the  article  of  Mr.  D.  J.  Emrey,  a.m.e.i.c, 
in  the  June  issue  of  The  J(;urnal,  and  wish  to  make  the  following  com- 
ments on  the  formulae  which  Mr.  Emrey  uses  in  connection  with  the 
design  of  the  curved  rib. 

May  I  point  out  that  the  formula  H  =  Pl/Hf  would  only  be 
correct  if  the  arch  were  supported  by  two  hinges  on  a  solid  foundation 
and  the  load  were  uniform  over  the  entire  span.  Such  an  assumption 
is  really  not  admissible  in  this  case. 

Mr.  Emrey  does  not  explain  how  the  formula  on  page  302  was 
derived,  but  it  presumably  represents  the  maximum  stress  at  a  certain 
section  of  the  arch.  In  my  opinion  that  particular  formula  should  not 
be  applied  to  reinforced  concrete  sections  unless  the  moment  is  so 
small  that  the  section  is  under  compression  over  its  entire  area.  In 
other  cases  than  this  the  result  obtained  by  its  use  would  be  quite 
misleading. 

Yours  very  truly, 

E.  Nenniger,  a.m.e.i.c. 

Tilting  Test  Stand  for  Bristol  Aero  Engines 

Modern  aero  engines,  and  more  particularly  those  employed  on 
military  machines,  are  often  required  to  operate  for  considerable 
periods  with  the  axis  at  a  large  angle  with  the  horizontal,  as  for  example 
during  climliing  and  diving,  looping  the  loop  and  other  manoeuvres. 
The  conditions  of  operation  are  particularly  severe  during  terminal 
nose  dives,  and  to  ensure  uniform  operation  of  the  engine  in  all  such 
circuinstanc(!s,  Messrs.  The  Bristol  Aeroplane  Company,  Limited, 
Filton,  Bristol,  have;  now  installed  a  tilting  test  stand  in  their  line  of 
test  hangars  in  the  engine  department.  This  allows  the  engine  on  test 
to  be  tilted  either  up  or  down  to  simulate  climbing  or  diving  conditions. 
The  stand  is  a  stiff  structure  built  up  from  rolled-steel  sections,  the 
engine  mounting  being  incorporated  in  a  trunnion  carried  in  bearings 
in  the  two  (!nd  frames.  This  trunnion  can  be  revolved  from  the  test 
cabin  beside  the  stand  through  an  angle  of  ISO  degrees,  so  that  if 
reciuired,  the  engine  under  test  may  be  made  to  assume  a  vertical 
position  to  simulate  vc^rtical  climbing  or  diving.  The  feed  lines  for  the 
lubrication  system  are  actually  mounted  on  the  trunnion  arm  and 
therefore  move  with  the  engine,  but  the  remaining  feed  lines,  tog(>thei 
with  all  the  controls,  are  made  with  flexibh;  connections  so  tliat  the 
movement  of  tlu;  tmgine  shall  b(!  as  unrestricted  as  possible.  The 
controls  are  actuated  by  means  of  Arens  cables. — Engineering. 


BOOK  REVIEW 

The  Principles  of  Motor  Fuel  Preparation  and 
Application,  Volume  I. 

By  A.  W.  Nash  and  D.  A.  Howes.  John  Wiley  and  Sons,  New  York,  1936. 
6]/i  by  10  inches.    Diagrams,  Tables.    538  pages.    Cloth.    $8.00. 

Reviewed  by  Dr.  J.  B.  Phillips,  a.m.e.i.c* 

The  subject  of  petroleum  and  its  treatment  has  already  received 
considerable  attention  from  various  authors,  and  a  new  book  on  the 
subject  requires  some  very  sound  justification.  The  authors  have 
turned  out  the  most  exhaustive  and  comprehensive  work  on  the  subject 
of  motor  fuels  that  has  yet  been  published.  Rapid  advances  in  petroleum 
technology  in  recent  years  to  keep  pace  with  the  constant  demand  for 
new  kinds  of  products  make  it  essential  that  a  new  work  like  this  be 
brought  out  to  bring  the  subject  up  to  date.  This  is  a  task  of  no  small 
magnitude,  and  the  authors  have  performed  a  wonderful  service  in 
making  available  this  noteworthy  contribution  which  will  unquestion- 
ably rank  as  one  of  the  standard  reference  works  on  the  subject  of 
motor  fuels. 

Volume  I,  which  has  been  received,  takes  up  distillation,  heat 
transfer,  cracking,  hydrogenation,  natural  gasoline,  refining,  storage 
and  distribution;  also  benzol,  alcohol,  synthetic  and  auxiliary  fuels. 
Volume  II,  in  the  press,  will  treat  of  analysis  and  examination,  sulphur 
and  gum  in  motor  fuels,  internal  combustion  and  Diesel  engines  and 
fuels,  knock  ratings,  aviation  fuels,  and  specifications  in  different 
countries. 

The  two  important  unit  operations — distillation  and  heat  transfer 
— are  discussed  clearly  in  a  fundamental  way  and  their  relation  to  the 
whole  process  shown.  Heat  transfer  might  well  make  a  chapter  in 
itself,  and  the  references  .should  include  "Heat  Transmission"  by 
McAdams,  and  "Industrial  Heat  Transfer"  by  Schack,  the  two  most 
important  works  on  the  subject.  A  very  useful  problem  in  the  design 
of  a  bubble-cap  column  is  completely  worked  out.  Thermodynamics 
and  reaction  velocities  are  introduced  briefly  but  clearly  in  appropriate 
places.  The  Cross,  Dubbs,  and  Gyro  processes  for  cracking  are  dis- 
cussed in  detail  as  typical  examples. 

The  chapter  on  hydrogenation  of  coals  and  oils,  and  on  methods 
of  producing  hydrogen,  is  one  of  the  best  expositions  of  this  subject 
available.  One  of  the  most  interesting  chapters  is  that  concerning 
shale  oil,  tar  sands,  creosote,  synthetic  fuels  and  carbonization  of  coal. 
A  great  deal  of  interesting  information  concerning  the  recovery  of 
gasoline  from  natural  gas  is  also  given. 

In  view  of  the  many  predictions  of  early  depletion  of  the  world's 
petroleum  reserves,  the  chapters  on  benzol,  alcohols,  and  synthetic  fuels 
are  of  great  interest.  The  discussion  of  the  utilization  of  grain  alcohol 
as  motor  fuel  is  of  particular  interest  to  Canadians. 

A  very  long  chapter  is  devoted  to  refining  methods.  The  use  of 
caustic  soda  and  other  bases  is  discussed  fully,  as  well  as  the  sodium 
plumbite  and  sulphuric  acid  treatments.  The  newer  hypochlorite, 
sulphur  dioxide  and  adsorption  treatments  are  also  taken  up  in  detail. 
This  chapter  in  itself  is  an  outstanding  contribution. 

The  authors  have  made  a  thorough  review  of  the  literature  in 
addition  to  their  own  researches,  and  have  presented  an  extensive 
bibliography  in  each  chapter  which  should  be  of  great  assistance  in 
the  study  of  any  phase  of  the  subject.  The  references  are  all  very 
recent,  and  many  new  patents  are  also  listed. 

This  book  is  not  in  any  sense  a  collection  of  abstracts  and  patent 
reviews  of  various  processes,  but  is  a  very  thorough  treatise  of  both 
the  fundamental  principles  and  practical  methods  in  the  production 
of  motor  fuels  in  all  parts  of  the  world  at  the  present  time.  It  discusses 
chiefly  principles,  and  avoids  too  detailed  descriptions  of  apparatus 
The  material  is  written  in  remarkably  clear  style  and  has  been  care- 
fully checked,  only  a  few  minor  errors  being  noticeable. 

This  book  should  be  of  value  to  the  refinery  engineer,  research 
chemist,  student,  as  well  as  to  the  automotive  engineer.  Anyone 
having  to  do  with  motor  fuels  in  any  capacity  will  find  something 
new  and  enlightening  in  this  book. 


'Lecturer  in  chemical  engineering,  McGill  University,  Montreal. 

RECENT  ADDITIONS  TO  THE  LIBRARY 

Proceedings,  Transactions,  etc. 

Institution  of  Mining  and  Metallurgy,  Tran.sactions,  1933-1934. 
American  Society  of  Civil  Engineers,  Transactions,  Volume  99,  1934. 

Reports,  etc. 

A  merican  Society  of  Mechatiical  Engineers: 

American  standard  drawings  and  draughting  room  practice,  1935. 

American  Standard  Screw  threads,  April  1935. 
Quebec,  Bureau  of  Mines:  Annual  report  1933,  Part  E. 
I nternational  Tin  Research  and  Development  Council: 

Technical  Publication  No.  17,  Factors  Influencing  the  Formation 
and  Structure  of  Hot-Dipped  Tin  Coatings. 


August.  1935 


THE     ENGINEERING     JOURNAL 


401 


InnlituHon  of  Slnicliirol  Emiinccrs: 

Report  on  a  standard  method  for  the  Preparation  of  Calculations 
Relating  to  Steelwork  in  Buildings. 
Institution  of  Mfchariiail  Engineers:  List  of  Members  1935. 
Toronto  Harttour  Voynininsioners:  Annual  report  1934. 
Canada,  Department  of  Mines: 

Analyses  of  coals  and  other  solid  fuels,  1932-1933  and  1934. 
Canada,  Department  of  the  Interior,  Forest  Service: 

Canadian  Woods,  Their  Properties  and  Uses. 
The  Smithsonian  Institution:  Annual  report  1933. 

Technical  Books,  etc..  Received 

Principles  of  Motor  Fuel  Preparation  and  Application,  by  Nash  and 

Howes.    Volume  II.    (John  Wiley  and  Sons  Inc.,  Neiv  York.) 
The  Engineering  Index,  1934. 

BULLETINS 

Wrenches. — The  Canadian  Ingersoll-Rand  Company  Ltd.,  Mont- 
real, have  published  a  16-page  booklet  describing  and  illustrating  the 
applications  of  their  air-operated  impact  wrench.  This  is  made  in 
two  types,  503,  non-reversible  for  applying  and  tightening  nuts  and 
533  I-R  reversible  for  both  applying  and  removing  nuts. 

Transformers. — The  Canadian  Westinghouse  Company  Ltd.,  Hamil- 
ton, Ont.,  have  issued  a  4-page  folder  describing  their  type  SK  distribu- 
tion transformers.  These  are  single-phase,  25  or  60  cycles,  2,200  to 
220/110  volts. 

Pumps. — A  16-page  bulletin  issued  by  Darling  Brothers  Limited, 
Montreal,  describes  the  company's  single-stage  centrifugal  pumps. 
Class  B,  of  the  horizontally  split-case  double  suction  type.  These 
are  manufactured  in  a  large  range  of  sizes  and  capacities. 

Compressors. — Two  4-page  leaflets  have  been  received  from  the 
Worthington  Pump  and  Machinery  Corporation,  Harrison,  N.J.,  which 
give  particulars  of  their  air  compi-essor  units,  types  VS  and  VA-2,  for 
general  industrial  uses  and  for  oil  and  gas  engine  starting. 

Condensers. — A  4-page  folder  received  from  the  Worthington 
Pump  and  Machinery  Corporation,  Harrison,  N.J.,  describes  their 
folded  tube  layer  arrangement  surface  condensers  of  welded  steel  shell 
construction.    These  are  manufactured  in  7  sizes. 

Lathes. — A  15-page  bulletin  (No.  171)  published  by  the  Monarch 
Machine  Tool  Company,  Sidney,  Ohio,  describes  and  illustrates  the 
various  types  and  applications  of  the  Monarch  specially  tooled  semi- 
automatic engine  lathe. 

List  of  New  and  Revised  British  Standard 
Specifications 

(issued  during  April  and  May,  1935) 
B.S.S.  No. 

416 — 1935.   Cast  Iron  Spigot  and  Socket  Soil,   Waste   Ventilating  and 
Heavy  Rainwater  Pipes.     (Revision.) 

Pipes  have  been  arranged  in  the  different  grades  according 
to  thickness.  Alternative  dimensions  for  short  radius  bends 
without  access  doors  and  dimensions  for  equal  and  unequal 
double  branch  pipes  are  included. 
555 — 1935.  Tungsten  Filament  Lamps  for  other  than  General  Service 
Lamps.     (Revision.) 

Brings  together  the  various  schedules  for  lamps,  other  than 
general  service  lamps,  including  those  issued  during  the 
past  three  years. 
602 — 1935.  Lead  Pipes  for  other  than  Chemical  Purposes. 
603—1935.  Lead  Pipes  (B.N.F.  Ternary  Alloy— No.  2). 

The  above  two  specifications  provide  for  pipes  from  ^" 
to  6"  diameter  according  to  purposes  for  which  they  are 
to  be  used.  The  weight  of  each  size  of  pipe  is  specified 
together  with  the  chemical  composition  and  a  turn  pin 
test. 
607 — 1935.  Reinforced  Concrete  Poles  for  Electrical  Transmission  and 
Traction  Supports. 

Specifies   standard    lengths   and    strengths    together   with 
constructional  requirements. 
608 — 1935.   Dimensions  of  Varnished  Cambric  Insulated  Annealed  Copper 
Conductors  for  Electricity  Supply  including  Voltage  Tests. 
Gives  full  dimensions  of  conductors,  insulation  and  metal 
sheathing  and  prescribes  the  voltage  test,  bending  test  and 
timing  test  for  cables  for  voltages  up  to  10,000  volts. 
609 — 1935.   Multitubular  Horizontal  Boilers  (Dryback  and  Waste  Heat). 
Deals    with    materials,    construction    and    workmanship, 
scantlings,  inspection  and  testing,  exclusive  of  brick  work 
setting  and  insulation. 
610 — 1935.    The  Rating  of  Rivers  for  Power  Purposes. 

Gives  recommendations  regarding  the  basis  for  computing, 
and   the   units   for   expressing   water-power   resources   for 
statistical  use  and  for  the  purpose  of  making  comparisons 
between  different  rivers,  river-basins,  regions  and  countries. 
Copies  of  these  specifications  may  be  obtained  from  the  Publica- 
tions Department,   British  Standards  Institution,  29  Victoria  Street, 
London,  S.W.I,  or  from  the  Canadian  Engineering  Standards  Associa- 
tion, 79  Sussex  Street,  Ottawa,  Ont. 


BRANCH  NEWS 

Border  Cities  Branch 

C.  F.  Davison,  A.M.E.I.C.,  Secretary-Treasurer. 
F.  J.  Ryder,  S.E.I.C.,  Branch  News  Editor. 

RlIHKEK   AND  ITS  UsKS  IN  Tu ANMPOKT ATION 

The  regular  monthly  dinner  and  meeting  was  held  at  the  I'rince 
Edward  hotel  on  April  Tith,  li)35.  There  were;  twenty-nine  persons 
present  to  hear  the  paper  presented  by  Dr.  A.  W.  Bull,  M.S.,  I  h.D. 
Mr.  Horton,  friend  and  colleague  of  Dr.  Bull,  introduced  him  to  the 
members  of  the  Branch. 

The  subject  of  the  paper  presented  was  "Rubber  and  its  Uses  in 
Transportation."  Dr.  Bull  explained  that  the  word  transportation  was 
very  general  and  that  he  was  limiting  his  paper  to  automotive  trans- 
portation. 

Rubber  is  obtained  from  rubber  trees.  Originally,  the  only  source 
was  wild  trees  but  now  only  one  per  cent  comes  from  this  source,  while 
cultivated  trees  supply  the  balance. 

The  tropical  regions  are  the  main  sources  of  latex,  which  is  the 
sap  from  the  rubber  tree.  It  is  five  years  before  a  seedling  is  large 
enough  to  tap.  The  tree  can  only  be  tapped  every  other  day  and  will 
only  produce  50  cu.  cent,  per  tree  per  day.  Bud  grafting  and  seed 
selection  have  aided  production.  There  are  now  approximately  5,000,000 
acres  of  rubber  trees  under  cultivation. 

Latex  is  unstable  as  it  ferments  easily  and  creates  a  very  bad 
odour.  The  standard  practice  of  removing  the  rubber  is  to  coagulate 
it  by  the  use  of  acetic  acid.  The  coagulate  is  washed,  squeezed  and 
dried.  This  reduces  the  weight  of  the  raw  product  for  shipping  pur- 
poses. A  second  method  of  treating  the  latex,  is  to  spray  it  into  a 
warm  atmosphere.  The  liquid  is  volatile  and  disappears  and  the  crude 
rubber  settles.  The  price  of  crude  rubber  has  fluctuated  immensely: 
1910 — 12.00  per  pound;  1921^-15c.  per  pound;  1925 — 72c  per  pound; 
1931 — 3c.  per  pound;  and  at  present  is  going  up.  United  States  has  58 
per  cent  of  the  world's  production.  Of  this  58  per  cent,  80  per  cent  is 
used  in  tires  and  tubes.  Reclaimed  rubber  is  also  a  source  as  25  per 
cent  of  crude  rubber  is  reclaimed.  Attempts  have  been  made  to 
commercialize  the  following  sources :  Shrubs,  golden  rod  and  .synthetic 
rubber.  Synthetic  rubber  (Dupreen  by  Dupont)  is  not  affected  by 
oils  or  organic  solids  and  is  resistant  to  checking  or  cracking  in  the  sun 
light.  Crude  rubber  softens  and  becomes  sticky  in  the  sun  light.  It 
is  hard  and  brittle  at  low  temperatures  and  has  a  high  permanent 
set.  Crude  rubber  is  used  for  crepe  rubber  soles,  gum  and  surgical 
bandages. 

Vulcanization  of  rubber  discovered  by  Charles  Goodyear  is  the 
heating  of  rubber  (usually  220  degrees  F.  or  approximately  50  pounds 
steam  pressure)  mixed  with  about  1  per  cent  to  3  per  cent  sulphur. 
More  than  5  per  cent  of  sulphur  added  makes  the  mixture  leathery 
while  25  per  cent  or  over  of  sulphur  makes  hard  rubber.  White  lead 
and  litharge  accelerates  the  vulcanizing.  Carbon  black  is  used  as  a 
filler  in  the  manufacture  of  tires.  Small  amounts  of  fatty  acids  and 
zinc  oxide  are  used  as  an  anti-oxident.  The  rubber  mill  consists  prin- 
cipally of  a  pair  of  rolls  through  which  the  crude  rubber  with  the 
added  ingredients  is  worked  back  aad  forth.  This  mixture  is  placed 
in  the  necessary  dies  and  formed.  The  vulcanizing  is  done  by  steam 
heat  while  still  in  the  dies. 

The  good  properties  of  this  rubber  are : — 

1.  It  stretches  and  has  no  yield  point. 

2.  It  has  hysteresis.    That  is,  it  does  not  return  all  the  energy  put 
into  it. 

3.  Under  compression,  it  will  distort  if  free  to  expand. 
The  poor  properties  are : — 

1.  It  will  not  stand  high  temperatures. 

2.  It  deteriorates  with  age. 

3.  It  will  take  a  permanent  set  if  it  is  exposed  to  sun  light  and 
repeated  flexings. 

4.  Its  hardness  and  resistance  are  affected  by  temperature. 

5.  It  becomes  swollen  if  in  contact  with  gas  or  oil. 

Dr.  Bull  accompanied  his  paper  by  slides  and  demonstrations. 
He  gave  a  long  list  of  parts  with  which  the  rubber  industry  supply 
the  automotive  manufacturer. 

The  meeting  was  thrown  open  to  questions.  Dr.  Bull  stated  that 
rubber  paving  had  been  tried  but  not  commercialized.  In  bonding 
rubber  to  steel,  the  steel  is  first  brass  plated  in  order  to  obtain  high 
adhesion.  Deterioration  in  rubber  lined  tanks  may  be  retarded  by 
immersion  in  water.  It  is  also  possible  to  rubber  line  ash  pumps  or 
sand  impellors  very  effectively. 

A  hearty  vote  of  thanks  moved  by  T.  H.  Jenkins,  a.m.e.i.c,  and 
seconded  by  E.  M.  Krebser,  a.m.e.i.c,  were  extended  to  Dr.  Bull  and 
his  colleague,  Mr.  Horton. 

Lakehead  Branch 

G.  R.  McLennan,  A.M.E.I.C,  Secretary-Treasurer. 

At  the  annual  meeting  of  the  Lakehead  Branch  of  The  Institute 
held  on  June  18th,  1935,  the  results  of  the  election  by  ballot  for  the 
Executive  for  the  coming  year  were  announced. 
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At  the  Executive  meeting  held  on  June  27th,  chairmen  for  the 
various  committees  were  appointed  as  follows: 

Membership P.  E.  Doncaster,  m.e.i.c. 

Finance J.  Antonisen,  m.e.i.c. 

Programme J.  A.  Rogers,  s.e.i.c. 

Reception R.  B.  Chandler,  m.e.i.c. 

P.  E.  Doncaster  was  appointed  chairman  of  a  committee  to  study 
the  matter  of  co-ordination  of  The  Engineering  Institute  of  Canada 
and  the  Professional  Engineering  Associations  of  Canada.  This  com- 
mittee wiU  bring  in  a  complete  report  at  a  special  meeting  to  be  held 
in  the  early  part  of  September. 

The  membership  committee  of  the  Branch  has  already  begun  work 
on  the  matter  of  increasing  its  membership,  and  the  programme  com- 
mittee is  going  into  the  matter  of  the  purchase  of  a  moving  picture 
machine. 

M  one  ton  Branch 

V.  C.  Blackett,  A. M.E.I.C,  Secretary-Treasurer. 
Annual  Meeting 
The  annual  meeting  of  the  branch  was  held  on  May  30th,  1935. 
H.  B.  Titus,  A.M.E.i.c,  vice-chairman  for  the  past  season,  presided. 
The  annual  report  and  financial  statement  was  presented,  and  ap- 
proved on  motion  of  James  Pullar,  a. m.e.i.c,  seconded  by  R.  H. 
Emmerson,  a. m.e.i.c.  A  vote  of  thanks  to  the  retiring  officers  was 
moved  by  A.  S.  Gunn,  a. m.e.i.c.  The  incoming  chairman,  Mr.  Titus, 
addressed  the  meeting  briefly,  thanking  the  members  for  the  confidence 
they  had  reposed  in  him. 

The  officers  for  the  year  1935-36  were  announced  as  follows: 

Chairman H.  B.  Titus,  a.m.e.i.c. 

Vice-Chairman G.  L.  Dickson,  a.m.e.i.c. 

Secretary-Treasurer V.  C.  Blackett,  a.m.e.i.c. 

Executive  Committee F.  O.  Condon,  m.e.i.c. 

T.  H.  Dickson,  a.m.e.i.c. 
A.  S.  Gunn,  a.m.e.i.c. 
Jas.  Pullar,  a.m.e.i.c. 
C.  S.  G.  Rogers,  a.m.e.i.c. 
G.  C.  Torrens,  a.m.e.i.c. 

Ex-officio H.  J.  Crudge,  a.m.e.i.c. 

J.  G.  MacKinnon,  a.m.e.i.c. 

Montreal  Branch 

C.  K.  McLeod,  A.M.E.I.C,  Secretary-Treasurer. 
Visit  to  Airport 

On  Saturday  afternoon,  June  22nd,  1935,  through  the  co-operation 
of  the  Department  of  National  Defence  and  of  Messrs.  Canadian 
Colonial  Airways,  over  one  hundred  ladies  and  members  of  the  Branch 
visited  the  St.  Hubert  airport,  viewing  the  meteorological  instruments, 
two-way  wireless  and  mooring  tower  apparatus,  and  the  new  aerial 
beacon  installation. 

About  seventy-five  took  advantage  of  the  opportunity  to  make 
a  fifteen-minute  flight  in  a  new  eight-passenger  transport  plane  of  the 
Colonial  Airways. 

Later,  through  the  courtesy  of  Mr.  Passmore,  managing  director 
of  Fairchild  Aircraft  Limited,  a  number  of  members  and  friends  in- 
spected the  Fairchild  plant  and  air  harbour  at  Longueuil. 

In  spite  of  the  inclement  weather  those  attending  spent  a  most 
enjoyable  afternoon. 

Junior  Section 

Through  the  kindness  of  the  Harbour  Commissioners  of  Montreal, 
on  the  afternoon  of  July  20th,  fifty  members  of  this  section  made  an 
inspection  trip  of  the  harbour  on  the  S/S  Sir  Hugh  Allan. 

Some  three  hours  were  spent  in  viewing  the  structures  and  works 
in  the  harbour,  particulars  and  technical  information  being  furnished 
by  the  representatives  of  the  Commissioners  who  were  on  board, 
Messrs.  Frost,  Sparkes  and  Roberts.  Refreshments  were  served  during 
the  afternoon,  the  trip  being  thoroughly  enjoyed  by  all  present. 

Niagara  Peninsula  Branch 

P.  A.  Dewey,  A.M.E.I.C,  Secretary-Treasurer. 
C  G.  Moon,  A.M.E.I.C,  Branch  News  Editor. 

The  annual  meeting  was  held  at  the  General  Brock  Hotel,  Niagara 
Falls,  on  May  31st,  1935,  with  W.  R.  Manock,  a.m.e.i.c,  in  the  chair, 
and  President  F.  A.  Gaby,  m.e.i.c,  as  the  principal  speaker. 

A  number  of  guests  were  present,  including  Chairman  W.  HoUing- 
worth,  m.e.i.c,  and  Councillor  F.  W.  Paulin,  m.e.i.c,  of  the  Hamilton 
Branch.  Vice-President  E.  G.  Cameron,  a.m.e.i.c,  sent  a  letter 
regretting  his  absence  due  to  unavoidable  pressure  of  official  duties. 

Councillor  Walter  Jackson,  m.e.i.c,  introduced  Dr.  Gaby  as  being 
an  acquaintance  of  old  with  the  residents  of  Niagara  Falls  and  took 
occasion  to  review  some  of  the  aspects  of  engineering  consolidation 
with  the  Provincial  Associations  in  Canada. 

Some  Problems  of  Transportation 

Dr.  Gaby  pointed  out  that  our  economic  structure  is  based  very 
largely  on  the  development  and  use  of  power  and  transportation,  and 
these  are  of  such  importance  that  our  civilization,  with  present  standards 
of  living,  could  not  exist  without  them.  This  was  recognized  at  the 
time  of  Confederation  by  our  governments  of  that  day,  when  they 
wrote  into  the  Agreement  of  Confederation  many  matters  providing 
for  the  creation  and  maintenance  of  adequate  transportation  facilities 
between  the  east  and   west,  which,  along  with  power,  have  become 


most  important  factors  in  the  growth  and  development  of  our  country, 
and  the  establishment  of  large  industrial  centres  such  as  exist  in  the 
southwestern  portion  of  Ontario. 

In  Canada,  many  miles  of  railways  were  built  which  are  yet 
maintained  upon  social  and  political  grounds  rather  than  as  being 
justified  by  the  financial  return  they  produce.  British  Columbia  made 
her  entry  into  Confederation  dependent  upon  the  construction  of  a 
transcontinental  route  which  was  only  built  after  tremendous  obstacles 
had  been  surmounted.  Between  the  years  1900  and  1916  came  an  era 
of  competition  and  expansion  between  the  railway  companies,  aided 
by  various  Governments,  during  which  period  the  existing  mileage  of 
17,500  was  more  than  doubled. 

Dr.  Gaby  then  illustrated  the  rapid  advance  in  the  development 
and  use  of  motor  vehicles  and  aeroplanes  in  commerce,  and  pointed 
out  that  free-for-all  or  unregulated  competition  is  not  economic  and 
results  in  wasteful  duplication  and  multiplication  of  services. 

Attention  was  also  drawn  to  water  transport,  and  the  necessity 
that  those  responsible  for  railway  economics  should  keep  this  competitor 
in  mind. 

To  meet  these  varied  forms  of  transportation,  the  railways  must 
also  progress;  better  service,  higher  speeds,  air-conditioning  of  passenger 
cars  and  many  other  improvements  must  be  planned.  Under  the 
present  conditions  of  strict  economy,  particularly  regarding  capital 
expenditures,  these  problems  will  call  for  statesmanlike  forethought  in 
their  solution. 

At  the  conclusion  of  this  address  our  new  chairman,  Paul  E.  Buss, 
A.M.E.I.C,  proposed  the  vote  of  thanks,  which  was  heartily  applauded, 
and  the  meeting  adjourned. 

Quebec  Branch 

Jules  Joyal,  A.M.E.I.C,  Secretary-Treasurer. 

Le  8  mai  dernier,  environ  quarante-cinq  convives  assistaient  a  un 
ddjeuner-causerie  au  Chateau  Frontenac.  Le  conf6rencier,  M.  A.  O. 
Dufresne,  m.e.i.c,  Directeur  du  Service  des  Mines  de  la  Province  de 
Quebec,  nous  fit  une  tres  int^ressante  causerie  intitul6e  "Les  risques 
de  la  prospection." 

Au  d(5but  de  sa  conference,  M.  Dufresne  souligna  I'importance 
qu'a  prise  I'industrie  miniere  dans  notre  province  et  dit  qu'au  cours 
des  derniers  douze  mois,  les  articles  tires  su  sous-sol  ont  fourni  27  pour 
cent  de  la  valeur  totale  des  produits  exportes  par  notre  pays.  La  pros- 
pection dans  notre  province  a  commence  en  1922,  lors  de  la  decouverte 
de  la  mine  Home  dans  le  canton  de  Rouyn;  cinq  ans  plus  tard,  la 
compagnie  Noranda  exp6diait  les  premiers  lingots  de  cuivre.  Par  la 
suite,  plusieurs  compagnies  ont  entrepris  des  travaux,  et  en  7  ans, 
cette  region  avait  produit  pour  une  valeur  de  $90,527,000  de  metaux. 

Le  conf<5rencier  affirme,  avec  chiffres  a  I'appui,  que  cette  Industrie 
a  rapports  plus  qu'elle  n'a  coute,  puis,  en  comparant  le  nombre  de 
claims  enregistres  avec  le  nombre  de  ceux  qui  possedent  des  gisements 
exploitables  determines  par  des  travaux  souterrains,  il  en  arrive  aux 
probabilites  de  deux  claims  profitables  pour  1,000  claims  jalonnes,  un 
claim  en  exploitation  pour  1,000  jalonnes  et  deux  sur  10,000  payant 
des  dividendes  apres  13  anndes  de  prospection.  En  terminant,  M. 
Dufresne  demontra  que  la  prospection  entre  dans  le  domaine  de  I'in- 
genieur  a  qui  il  appartient  de  la  diriger  et  de  rorganiser. 

Le  conferencier  fut  presente  par  M.  Hector  Cimon,  m.e.i.c,  alors 
president  de  notre  section,  puis  M.  Adrien  Pouliot,  I.C.,  professeur  a 
I'Ecole  Superieure  de  Chimie  le  remercia. 

Assembl^e  Annuelle 

L'assemblee  annuelle  de  notre  section  fut  tenue  au  Palais  Mont- 
calm le  20  mai  dernier. 

Au  debut,  l'assemblee  etait  presid^e  par  M.  Hector  Cimon,  presi- 
dent sortant  de  charge,  et  pendant  que  les  scrutateurs  d^pouillaient 
les  bulletins  de  votation.  Ton  proceda  a  la  lecture  des  minutes  de 
l'assemblee  precedente,  du  rapport  du  conseil  et  du  tresorier;  les  divers 
comites  furent  formes  puis  la  proclamation  des  officiers  elus  fut  faite 
comme  suit:  President,  Alex.  Lariviere,  m.e.i.c;  vice-president,  J.  T.  F. 
King,  a.m.e.i.c;  secr^taire-tresorier,  Jules  Joyal,  a.m.e.i.c;  conseillers, 
L.  P.  Methe,  A.M.E.I.C,  J.  G.  O'Donnell,  a.m.e.i.c,  et  J.  B.  Dimbar, 
a.m.e.i.c 

M.  Cimon  in  vita  alors  M.  Lariviere  a  monter  sur  le  fauteuil  pr^si- 
dentiel.  Un  vote  de  sinceres  remerciements  au  president  sortant  de 
charge  est  propose  et  adopts  a  I'unanimite,  puis  le  president  elu  fait 
une  courte  allocution  k  I'assistance  pour  remercier  ses  confreres  de 
I'honneur  qu'ils  lui  font,  et  de  la  confiance  qu'ils  mettent  en  lui;  il  les 
assure  de  son  plus  entier  d^vouement  pour  travailler  au  bien-etre  de 
notre  association  en  general  et  de  chacun  de  ses  membres  en  particulier. 

Saint  John  Branch 

F.  A.  Patriquen,  Jr.E.I.C,  Secretary-Treasurer. 
H.  P.  Lingley,  S.E.I.C,  Branch  News  Editor. 
On  May  9th,  1935,  the  Saint  John  Branch  held  its  annual  dinner 
and  meeting  at  the  Riverside  Golf  and  Country  Club.  Reports  of  the 
various  committees  were  read  and  the  election  of  officers  held.  Re- 
organization was  also  discussed.  It  was  moved  and  seconded  that  the 
Saint  John  Branch  go  on  record  as  favouring  reorganization  and  that 
a  committee  of  two  be  appointed  to  study  the  matter  and  to  meet 
with  like  committees  from  the  Moncton  Branch  and  the  Provincial 
Association.  During  the  dinner,  in  response  to  a  toast  to  The  Institute, 
Mr.  Roland  Bustin  sang  Kipling's  "Sons  of  Martha,"  which  has  been 
set  to  music  by  Mrs.  A.  J.  Collins  of  Walkerton,  Ont. 
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July  29th,  1935 

The  By-laws  provide  that  the  Council  of  The  Institute  shall 
approve,  classify  and  elect  candidates  to  membership  and  transfer 
from  one  grade  of  membership  to  a  higher. 

It  is  also  provided  that  there  shall  be  issued  to  all  corporate 
members  a  list  of  the  new  applicants  for  admission  and  for  transfer, 
containing  a  concise  statement  of  the  record  of  each  applicant  and 
the  names  of  his  references. 

In  order  that  the  Council  may  determine  justly  the  eligibility 
of  each  candidate,  every  member  is  asked  to  read  carefully  the  list 
submitted  herewith  and  to  report  promptly  to  the  Secretary  any  facts 
which  may  affect  the  classification  and  selection  of  any  of  the  candidates. 
In  cases  where  the  professional  career  of  an  applicant  is  known  to  any 
member,  such  member  is  specially  invited  to  make  a  definite  recom- 
mendation as  to  the  proper  classification  of  the  candidate.* 

If  to  your  knowledge  facts  exist  which  are  derogatory  to  the 
personal  reputation  of  any  applicant,  they  should  be  promptly  com- 
municated. 

Communications  relating  to  applicants  are  considered  by 
the  Council  as  strictly  confidential. 


The  Council  will  consider  the  applications  herein  described  in 
September,  1935. 

R.  J.  DuRLEY,  Secretary. 


•The  professional  requirements  are  as  follows. — 

A  Member  shall  be  at  least  thirty-five  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  twelve  years,  which  period  may  include 
apprenticeship  or  pupilage  in  a  qualified  engineer's  office,  or  a  term  of  instruction  in  a 
school  of  engineering  recognized  by  the  Council.  The  term  of  twelve  years  may,  at 
the  discretion  of  the  Council,  be  reduced  to  ten  years  in  the  case  of  a  candidate  for 
election  who  has  graduated  from  a  school  of  engineering  recognized  by  the  Council. 
In  every  case  the  candidate  shall  have  held  a  position  in  which  he  had  responsible 
charge  for  at  least  five  years  as  an  engineer  qualified  to  design,  direct  or  report  on 
engineering  projects.  The  occupancy  of  a  chair  as  a  professor  in  a  faculty  of  applied 
science  of  engineering,  after  the  candidate  has  attained  the  age  of  thirty  years,  shall 
be  considered  as  responsible  charge. 

An  Associate  Member  shall  be  at  least  twenty-seven  years  of  age,  and  shall  have 
been  engaged  in  some  branch  of  engineering  for  at  least  six  years,  which  period  may 
include  apprenticeship  or  pupilage  in  a  qualified  engineer's  office  or  a  term  of  instruction 
in  a  school  of  engineering  recognized  by  the  Council.  In  every  case  a  candidate  for 
election  shall  have  held  a  position  of  professional  responsibility,  in  charge  of  work  as 
principal  or  assistant,  for  at  least  two  years.  The  occupancy  of  a  chair  as  an  assistant 
professor  or  associate  professor  in  a  faculty  of  applied  science  of  engineering,  after  the 
candidate  has  attained  the  age  of  twenty-seven  years,  shall  be  considered  as  pro- 
fessional responsibility. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council  shall  be  required  to  pass  an  examination  before  a  board  of  examiners 
appointed  by  the  Council.  The  candidate  shall  be  examined  on  the  theory  and  practice 
of  engineering,  with  special  reference  to  the  branch  of  engineering  in  which  he  has  been 
engaged,  as  set  forth  in  Schedule  C  of  the  Rules  and  Regulations  relating  to  Examina- 
tions for  Admission.  He  must  also  pass  the  examinations  specified  in  Sections  9  and  10, 
if  not  already  passed,  or  else  present  evidence  satisfactory  to  the  examiners  that  he 
has  attained  an  equivalent  standard.  Any  or  all  of  these  examinations  may  be  waived 
at  the  discretion  of  the  Council  if  the  candidate  has  held  a  position  of  professional 
responsibility  for  five  or  more  years. 

A  Junior  shall  be  at  least  twenty-one  years  of  age,  and  shall  have  been  engaged 
in  gome  branch  of  engineering  for  at  least  four  years.  "This  period  may  be  reduced  to 
one  year  at  the  discretion  of  the  Council  if  the  candidate  for  election  has  graduated 
from  a  school  of  engineering  recognized  by  the  Council.  He  shall  not  remain  in  the 
class  of  Junior  after  he  has  attained  the  age  of  thirty-three  years,  unless  in  the  opinion 
of  Council  special  circumstances  warrant  the  extension  of  this  age  limit. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council,  or  has  not  passed  the  examinations  of  the  third  year  in  such  a  course, 
shall  be  required  to  pass  an  examination  in  engineering  science  as  set  forth  in  Schedule  B 
of  the  Rules  and  Regulations  relating  to  Examinations  for  Admission.  He  must  also 
pass  the  examinations  specified  in  Section  10,  if  not  already  passed,  or  else  present 
eWdence  satisfactory  to  the  examiners  that  he  has  attained  an  equivalent  standard. 

A  Student  shall  be  at  least  seventeen  years  of  age,  and  shall  present  a  certificate 
of  having  passed  an  examination  equivalent  to  the  final  examination  of  a  high  school, 
or  the  matriculation  of  an  arts  or  science  course  in  a  school  of  engineering  recognized 
by  the  Council. 

He  shall  either  be  pursuing  a  course  of  instruction  in  a  school  of  engineering 
recognized  by  the  Council,  in  which  case  he  shall  not  remain  in  the  class  of  Student  fpr 
more  than  two  years  after  graduation;  or  he  shall  be  receiving  a  practical  training  in 
the  profession,  in  which  case  he  shall  pass  an  examination  in  such  of  the  subjects  set 
forth  in  Schedule  A  of  the  Rules  and  Regulations  relating  to  Examinations  for  Ad- 
mission as  were  not  included  in  the  high  school  or  matriculation  examination  which 
he  has  already  passed;  he  shall  not  remain  in  the  class  of  Student  after  he  has  attained 
the  age  of  twenty-seven  years,  unless  in  the  opinion  of  Council  special  circumstances 
warrant  the  extension  of  this  age  limit. 

An  Affiliate  shall  be  one  who  is  not  an  engineer  by  profession  but  whose  pursuits, 
scientific  attainments  or  practical  experience  qualify  him  to  co-operate  with  engineers 
in  the  advancement  of  professional  knowledge. 


The  fact  that  candidates  give  the  names  of  certain  members  as  reference  does 
not  necessarily  mean  that  their  applications  are  endorsed  by  such  members. 


FOR  ADMISSION 

BAKER— .TAMES  DAVIDSON,  of  Edmonton,  Alta.,  Born  at  Charlton,  Kent, 
England,  Feb.  20th,  1883;  Educ,  Boissevain  Public  Schools,  Man.,  1895-1901 ;  1902-03. 
inspr.  (Winnipeg),  190.3-05,  inspr.  (Calgary),  and  1905-07.  chief  in.spr.  (Calgary), 
Bell  Telephone  Company;  1907  to  date  (except  1910-19,  overseas,  Lieut.,  Can.  Signal 
Corps),  with  Alberta  Govt.  Telephones  as  follows:  1907-08,  constrn,  foreman;  1908-10, 
local  mgr.,  Macleod;  1910  13,  district  plant  mgr.,  Calgary;  1913-16,  asst.  to  plant  supt., 
Edmonton;  1919-20,  constrn.  engr.;  1920-29,  plant  supt.,  in  charge  of  constrn.  and 
mtce.  of  all  physical  property;  1929  to  date.  Deputy  Minister  of  Telephones  and 
General  Manager.  Alherta  Govt.  Telephones. 

References:  R.  S.  L.  Wilson,  H.  J.  MacLeod,  G.  H.  Thompson,  F.  K.  Beach,  B.  L. 
Thorne,  L.  C.  Charlesworth,  C.  E.  Garnett,  J.  B.  deHart. 

CALDER— WILLIAM,  of  Edmonton,  Alta.,  Born  at  Edinburgh,  Scotland, 
April  11th,  1877;  Educ,  Goldsmith's  Institute,  London,  England,  1894-95;  Member. 
Inst.  Mining  Engrs.,  England.  Member,  Inst.  Petroleum  Technologists,  England; 
1895-97,  ap'tice  mech'l.  engr.,  London,  England;  1897-99,  pupil,  mining  engrg.,  Kent 
Coal  Exploration  Co.,  Kent,  England;  1899-1900,  learner  with  Thorns  Ltd.,  Man- 
chester, well  contractors;  190C)-03,  jr.  engr.  and  oil  lease  asst.  supt.,  Baku  Russian  Petro- 
leum Co.;  1903-05,  asst.  oil  fields  mgr.,  .Schibrieffs  Petroleum  Co.,  Baku,  Russia;  190.5- 
06,  private  reporting  work,  London,  England;  1906-07,  mgr.  in  charge  oil  prospecting, 
Portugese  Petroleum  Syndicate;  1907-08,  mine  prospecting  supt.,  Russo  Asiatic 
Corpn.,  Siberia;  1908-09,  supervising  oil  prospecting,  Caledonian  Petm.  Syndicate, 
South  Africa;  1909-11,  gen.  oilfield  supt.,  S.  Pearson  &  Son  Ltd.,  Mexico;  1911-13, 
oilfield  mgr.,  Anglo  Maikop  Corpn.,  Russia;  191,3-14,  private  advisory  work,  London, 
England;  1915-17,  reorganizing  oil  companies.  International  Oilfields,  Russia;  1917-19, 
war  service,  Capt.,  Royal  Engrs.;  1920,  asst.  oilfields  mgr.,  Anglo  Persian  Oil  Co.; 
1921-22,  gen.  mgr..  Kern  Trinidad  Oilfields;  1922-24,  adviser  for  concession  negotiations, 
Anglo  Maikop  Corpn,,  Russia;  1925,  inspecting  copper  mines.  Flinders  Range  Copper 
Co.,  Australia;  1926-30,  petroleum  engr.,  and  1931  to  date,  director,  petroleum  and 
natural  gas  divn.,  Dept.  of  the  Interior.  Alberta  Govt.,  Edmonton,  Alta. 

References:  S.  G.  Porter,  B.  L.  Thorne,  R.  S.  L.  Wilson,  E.  Stansfield,  L.  C. 
Charlesworth,  S.  G.  Coultis. 

DOUGLAS— JOHN  HOLDEN  WEBB,  of  10937-90th  Avenue,  Edmonton.  Alta., 
Born  at  Amherst,  Victoria,  Australia,  Nov.  27th,  1879;  Educ,  1895-1902,  five  years 
ap'ticed  to  John  Danks  &  Son  Proprietary  Ltd.,  Engineers,  South  Melbourne,  engrg. 
trade  of  turning  and  fitting,  and  two  years  as  journeyman  engine  lathe  hand  on  high 
grade  engine  work.  During  this  period  attended  the  Working  Men's  College  and 
"Technical  School,  Melbourne;  Member,  Assn.  of  Prof.  Engrs.,  Alta.;  1902-04,  seagoing 
engr.,  passing  for  Marine  Second  Class  Cert,  in  1904,  and  for  1st  Class  British  Board 
of  Trade  Cert,  in  London,  England,  in  1905;  1905-08,  Mcllwraith  McEacharn  Line 
of  London  and  Melbourne;  1908-12,  employed  in  open  air  work,  including  only  three 
small  engrg.  jobs;  1912,  machinist  and  engr.,  in  Red  Deer  and  Medicine  Hat,  Alta.; 
Jan.  1913.  passed  for  Alberta  1st  Class  Cert.,  and  appointed  master  mechanic  to  Hill- 
crest  Collieries,  Crows  Nest.;  May  1913,  appointed  inspr.  of  boilers  and  machinery  for 
the  Red  Deer  District  of  Alberta;  June  1928  to  d.ite,  mech'l.  supt.  in  charge  of  Alberta 
Provincial  Government  Power  Plants,  Dept.  of  Public  Works,  Edmonton,  Alta. 

References:  H.  P.  Keith,  R.  S.  L.  Wilson,  C.  E.  Garnett,  F.  K.  Beach,  R.  J. 
Gibb,  A.  Ritchie. 

FINDL.\TER— RICHARD  HAMILTON,  of  74  Highfield  St.,  Moncton,  N.B., 
Born  at  Uphall,  Scotland,  Aug.  10th,  1886;  Educ,  1904-08,  Heriot-Watt  College, 
Edinburgh.  Fellow,  Institute  of  Chemistry.  Member  Inst.  Petroleum  Technologists. 
Member,  Soc  of  Chemical  Industry;  With  the  Broxburn  Oil  Co.,  Broxburn,  Scotland, 
as  follows:  1900-04,  junior  asst.  chemist.  1908-11,  second  asst.  chemist,  1916-21,  chief 
asst,  chemist;  1911-15,  chief  chemist  and  refinery  manager,  British  Australian  Oil  Co. 
Ltd.,  Newcastle,  N.S.W.;  1915-16,  reporting  on  prospects,  of  shale  oil  industry  in 
Nevada,  U.S.A.;  1921-24,  refinery  manager,  Egyptian  Govt.  Petroleum  Refinery, 
Suez,  Egypt;  1925-33,  petroleum  chemist,  refinery  specialist,  asst.  manager,  New 
Brunswick  Gas  and  Oilfields  Ltd.,  Moncton,  N.B.;  1934  (6  mos),  supt.,  Wetumka 
natural  gas  field,  booster  plant  and  gasoline  absorption  plant,  Central  vStates  Power 
and  Light  Corporation,  Tulsa,  Okla.,  U.S.A. 

References:  F.  0.  Condon,  C.  S.  G.  Rogers,  H.  J.  Grudge,  G.  E.  Smith,  V.  C. 
Blackett. 

FORTIN— JEAN  JULIEN,  of  Chicoutimi,  Que.,  Born  at  Bale  St.  Paul,  Que., 
Mar.  2nd,  1910;  Educ,  B.Sc,  Queen's  Univ.,  1934;  Summers,  1932,  surveying.  1933, 
gen.  repairs,  elec.  power  plant,  Isle  Maligne;  1934  to  date,  with  Duke  Price  Power 
Co.,  topog'l.  surveys,  and  at  present  tracer  and  designer  at  Arvida  office. 

References:  F.  L.  Lawton,  D.  M   Jemmett,  D.  S.  Ellis,  E.  Lavoie,  R.  E.  Joron. 

HARDY— WILLIAM  GATHORNE,  of  4879  Patricia  Avenue,  Montreal,  Que., 
Born  at  Tamworth,  England,  Sept.  28th,  1888;  Educ,  B.Sc.  (Civil),  N.S.  Tech.  Coll., 
1920;  N.S.L.S.,  R.P.E.  of  Que.;  Formerly  Assoc.  Member  E.I.C.  and  Inst.  C.E.; 
Articled  pupil  to  borough  engr..  Stafford,  England;  1914-15,  asst.  town  engr.,  St. 
Lambert,  Que.;  1915-18,  overseas,  Capt.,  Can.  Engrs.;  1919-27,  asst.  prof,  of  civil 
engrg..  Nova  Scotia  Technical  College,  Halifax;  1927,  chief  engr..  Parsons  Constrn. 
Co.,  Moncton,  supt.  of  constrn..  Foundation  Co.  of  Canada;  1927-31.  chief  engr., 
Bolivian  Power  Co.,  La  Paz,  Bolivia;  1931-35,  chief  designer,  Montreal  Sewers  Com- 
mission. 

References:  W.  H.  Munro,  F.  R.  Faulkner,  W.  Griesbach,  G.  R.  MacLeod,  A.  C.  D. 
Blanchard,  W.  S.  Lea,  I.  A.  Vallieres. 

HERR— ARTHUR  GEORGE,  of  131  York  St.,  St.  Catharines,  Ont.,  Born  at 
Wartburg,  Perth  Co.,  Ont.,  Oct.  18th,  1886;  Educ,  Archtl.  and  Electl.  Engrg.  Course, 
I.C.S.;  1903-10,  carpentry  and  general  bldg.  constrn.;  1911-14,  in  archtl.  office  of  A.  E. 
Nicholson;  1915-16,  inspr.  of  munitions;  1917  to  date,  chief  dftsman,  in  charge  of  all 
mechl.  engrg.,  Packard  Electric  Co.  Ltd.,  St.  Catharines,  Ont. 

References:  L.  P.  Rundle,  S.  Hairsine,  G.  F.  Vollmer,  C.  G.  Moon,  J.  B.  McAndrew, 
A.  L.  Mudge. 

ROBERTSON— IAN  ANSLEY.  of  275  Erskine  Ave.,  Toronto,  Ont.,  Born  at 
Stirling,  Ont.,  May  24th,  1906;  Educ,  1922-26,  Central  Technical  School,  Toronto 
(completed  course  but  did  not  sit  for  exams,  although  standing  indicated  he  would 
have  been  successful  in  obtaining  diploma).  3rd  year  night  school  in  machine  design. 
Home  study  (applied  mechs.,  thermodynamics  and  electricity);  1927-28,  dftsman., 
Gunnell  Co.  of  Canada,  Toronto;  1928-29,  dftsman..  Lincoln  Meter  Co.  Ltd.,  Toronto; 
1932,  International  Cooler  Corpn,,  dfting,  etc.;  1932,  heating  and  contracting  jobs; 
1929,  and  intermittently  since  then,  with  Water  Equipment  Ltd.,  Toronto,  assting  in 
design  and  erection  of  a  small  water  works  plant,  etc.;  1929-31,  and  1934  to  date,  with 
the  Canadian  National  "Telegraphs,  inside  and  outside  plant  constrn.,  and  at  present 
dftsman. 

References:  M.  B.  Watson,  H.  N.  Gzowski,  A.  S.  Cook,  V.  S.  Thompson,  W.  B. 
Redman. 
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WHITE— JOHN,  of  4539  Harvard  Ave..  Montreal,  Que.,  Born  at  Glasgow, 
Scotland,  April  10th,  190.3;  Kduc,  1918-25,  Royal  Technical  College,  Glasgow;  One 
year  sanitary  engrg.  (In.spection  and  Legislation);  1918-23,  ap'tice  engr.,  with  Fair- 
child  Shipbldg.  and  Engrg.  Co.  (Engrg.  Dept.).  at  Govan,  Scotland,  in  conjunction 
with  college  courses;  1923-24,  engr.  on  constrn.  and  erection  of  all  types  of  marines 
engines,  boilers  and  auxiliaries  (same  company);  1924-27,  asst.  engr.  on  tests  and 
shop  trials  of  marine,  reciprocating  engines.  Parsons'  and  Brown-Curtiss,'  direct  drive, 
single  reduction,  and  double  reduction,  gear  coupled  turbines,  also  Sulzer  oil  engines; 
1927-28,  sales  engr.  with  Williams  &  Wilson,  Montreal,  in  charge  of  pumps  and  pump- 
ing equipment;  1928-29,  asst.  to  eng.  in  charge  of  dept.  of  operating  records.  Price 
Bros.  &  Co.  Ltd.,  Kenogami,  Que.,  duties  chiefly  measurement  of  all  steam  generated 
and  distributed  in  the  mill,  also  efficiencies  of  various  boilers,  engines,  machines,  etc.; 
1929  to  date,  engr  in  charge  of  bldg.  service  (mtce.  dept.),  Sun  Life  Assurance  Co.  of 
Canada,  Montreal,  Que. 

References:  K.  T.  Cregeen,  A.  .1.  C.  Paine,  E.  A.  Ryan,  R.  F.  Legget,  N.  D.  Paine. 


FOR  TRAN.SFER  FROM  THE  CLA.SS  OF  ASSOCIATE  MEMBER  TO  THAT 
OF  MEMBER 

BUCHAN— PERCY  HALCRO,  of  1984  West  41st  Ave.,  Vancouver,  B.C.,  Born 
at  Toronto,  Ont.,  Oct.  8th,  1886;  Educ,  B.A.Sc,  (Mech.  and  Elec),  Univ.  of  Toronto, 
1909;  R  P.E.  of  B.C.;  1904-06,  shop  ap'tice,  Hinton  Electric  Co.  Ltd.,  Vancouver; 
1907-08,  (summers),  junior  dftsman..  Grant  and  Henderson,  Arch'ts.,  Vancouver; 
1916-18.  overseas.  C.E.F.,  Lieut.;  1909  to  date  (except  war  service),  with  the  B.C. 
Electric  Rly.  Co.  Ltd.,  Vancouver,  as  follows:  1909-12,  clerical  work  in  field  and  office 
on  materials,  costs,  progress  estimates,  etc.;  1913-15,  asst.  engr.  on  tramway  exten- 
sions and  improvements;  1919  to  date,  chief  dftsman  and  asst.  engr.  in  charge  of  design, 
estimates,  constrn.  and  mtce.  on  Vancouver  city  lines.  Also — 1919-20,  in  charge  of 
track,  1924,  in  charge  of  floor  area  survey  for  domestic  lighting  on  lower  mainland,  and 
in  charge  of  various  special  reports.     (A.M.  1919.) 

References:  A.  C.  Eddy,  E.  E.  Carpenter,  A.  S.  Wootton,  W.  H.  Powell,  E.  A. 
Wheatlcy. 

DORMER— WILLIAM  .JOHN  SMYLIE,  of  4038  Beaconsfield  Ave  ,  Montreal, 
Que.,  Born  at  Middlesborough,  Yorks,  England,  Dec.  2nd,  1899;  Educ,  B.Sc.  (E.E.), 
McGill  Univ.,  1923;  1918,  overseas  one  year,  R.'^.F.;  Summer  work  — 1920,  lineman. 
Southern  Canada  Power  Co.;  1921  and  1922,  asst.  operator  and  system  operator.  City 
of  Sherbrooke  Gas  and  Elee.  Dept,;  1923  to  date,  with  the  Bell  Telephone  Company 
of  Canada,  Quebec  Division  Plant  Engrg.,  as  follows:  1923-25,  student  engr.;  1925- 
28,  asst.  field  engr  ,  investigation  of  inductive  and  struct'l.  co-ordination  between 
power  and  telephone  lines,  and  investigation  of  location  for  new  pole  line  from  Riviere 
du  Loup  to  Edmundston,  and  preparation  of  estimate  for  same;  1928-29,  res.  field 
engr..  Riviere  du  Loup  to  Edmundston,  and  Madoc  and  Smiths  Falls,  Ont.;  1929-30, 
divn.  toll  line  engr.,  supervisor  in  charge  of  toll  pole  line  work,  including  staking  new 
pole  lines,  estimating,  budgeting,  etc.;  1930-34.  divn.  toll  plant  engr.,  in  charge  of  all 
toll  plant  work  in  Quebec  divn.  Budgets,  estimates,  cost  studies,  scheduling,  etc.; 
June  1934  to  date,  district  engr.  (Montreal  Suburban  and  Three  Rivers  Districts), 
in  charge  of  all  toll  and  exchange  plant  work  in  the  two  districts.  Budgets,  estimates, 
cost  studies,  additional  facilities  and  relief  projects,  scheduling,  etc.  (St.  1920, 
Jr.  1927,  A.M.  1933.) 

References:  J.  L.  Clarke,  R.  DeL.  French,  A.  M.  Mackenzie,  C.  V.  Christie,  R.  H. 
Mather,  D.  H.  McDougall,  A.  C.  Abbott. 

GILBERT— GORDON  MACDONALD,  of  Vancouver,  B.C.,  Born  at  Ottawa, 
Ont.,  ,Iune  2nd,  1899;  Educ,  B.Sc  (C.E.),  Univ.  of  Man.,  1926;  Member,  Assn.  Prof. 
Engrs..  of  B.C.  1915  to  1923,  part  time  work  in  various  positions  as  follows:  rodman 
and  chainman,  surveying  gold  claims.  Nor.  Man.;  mtce.  work  with  C.P.R.;  mechanic. 
Flying  Corps;  leveller,  C.P.R.;  topographer  D.L.S.  parties;  straw  boss  on  steel  gang 
at  Great  Falls  constrn.  power  plant;  field  engr.  on  municipal  development  work  in 
Chicago;  asst.  in  charge  of  ground  controion  topographic  mapping,  Alta.;  1924  (Jan.- 
May),  dftsman.,  on  design  of  govt,  elevator  at  Edmonton,  for  C.  D.  Howe  &  Co.; 
1924  (May-Nov).  topographer  and  asst.  on  photo-topographic  map  of  Kamloops 
area;  1925  (Jan. -May),  field  engr.  with  Phoenix  Utility  Co.  on  location  and  prelim, 
constrn.  of  power  plant;  1926  to  date,  continuously  employed  by  the  Vancouver  and 
District  Joint  Sewerage  and  Drainage  Board,  as  asst.  to  the  chief  engr.,  res.  engr.  on 
different  constrn.  jobs,  and  at  present  supt.  and  acting-engr.  of  the  Board.  (A.M. 
1934.) 

References:  J.  Robert.son,  A.  S.  Wootton,  E.  C.  Thrupp,  G.  L.  Tooker,  E.  A. 
Wheatlcy. 

ROBERTSON— JAMES,  of  5888  Adera  St.,  Vancouver,  B.C.,  Born  at  Kil- 
marnock, Scotland.  Aug  11th.  1890;  Educ,  B.Sc  (Civil),  McGill  Univ.,  1914;  1904- 
07,  engrg.  ap'tice.  Glenfield  &  Kennedy  I^td..  Kilmarnock;  with  the  Dominion  Bridge 
Company  Ltd.,  as  follows:  1907-10  and  Summers  1911-12-13,  dftsman  and  checker, 
Lachinc;  1914-18,  designing  engr.,  Montreal  office;  1918-29,  erection  engr.,  Montreal 
and  Lachine;  1929  to  date,  engr..  Pacific  Division,  Vancouver,  B.C.  (St.  1913,  A.M. 
191G.) 

References:  F.  P.  Shearwood,  D.  C.  Tennant,  F.  Newell,  P.  H.  Buchan,  W.  H. 
Powell. 

STUART— HAROLD  BROWNLEE,  of  17  HighelifTe  Ave.,  Hamilton,  Ont.,  Born 
at  Mitchell,  Ont.,  Jan.  31st,  1889;  Educ,  B.A.Sc,  Univ.  of  Toronto,  1908;  1906,  farm 
drainage,  Perth  and  Huron  counties;  1908,  instr'man.,  Calgary  District,  Alberta 
Govt.;  1910,  detailer,  Hamilton  Bridge  Co.;  1909-10,  chief  engr..  The  Peoples  Railway; 
1911,  (Jan.-May),  detailer  and  checker,  Canada  Foundry  Co.;  191.5-19,  overseas. 
Major,  Can.  Engrs.;  With  the  Hamilton  Bridge  Co.,  Hamilton,  Ont.,  as  follows:  1911, 
detailer  and  rhecker,  1912-15,  and  1919-21,  designer  and  surveyor,  and  1921  to  date, 
field  engr.      (A.M.  1920.) 

References:  R.  K.  Palmer,  W.  F.  McLaren,  F.  W.  Paulin,  E.  P.  Muntz,  W.  Hol- 
lingworth,  J.  A.  McFarlane,  G.  A.  Colhoun,  A.  Love. 

THRUPP— EDGAR  CHARLES,  of  2626  13th  Ave.  West,  Vancouver,  B.C., 
Born  at  Adelaide,  South  Australia,  .lure  8th,  1863;  Educ,  187.'j-79,  private  schools  in 
P^ngland;  1879-82,  applied  science  dept..  Kings  College,  London;  1882-84,  articled 
pupil,  1884-86,  junior  asst.,  and  1886-1901,  chief  asst.  to  Prof.  H.  Robinson,  M.Inst. 
C.E..  London,  Emzland;  1901-08.  private  practice  in  London;  1908  to  date,  private 
practice,  Kamloops  and  Vancouver.  BC.      (A.M.  1915.) 

References:  J.  Robertson,  H.  N.  Macpherson,  G.  M.  Gilbert,  C.  T.  Hamilton, 
P.  Sandwell,  G.  L.  Tooker,  A.  S.  Wootton,  P.  H.  Buchan,  J.  P.  Mackenzie,  F.  O.  Mills, 
E.  A.  Wheat  ley. 

WHEATLEY— EDWARD  AUGUSTUS,  of  Vancouver,  B  C  ,  Born  at  Lowestoft. 
England,  Aug.  22nd,  1885;  Educ,  1901-05,  ap'tice  to  S.  J.  Johnson  &  Co.  Ltd.,  En- 
gineers, Stratford,  England,  and  for  two  years  of  this  time,  evening  courses  at  City 
and  Guilds  Technical  C^oliege,  London,  England.  Member,  Assn.  Prof  Engrs.  B.C.; 
190.5-08,  engr.  to  .Sir  Hiram  Maxim  anti  the  Electric  and  Mtce.  Co.,  office  and  works 
management;  1909-11,  railway  surveying  and  operating  rock  crusher  plant  with  the 
C.]' H  in  BC;  191 1,  2nd  engr.  to  The  Edmonton  Brick  Co.;  1911-14,  engr.  and  supt 
Alsip  Brick  Co  ,  Edmonton,  Alta  ;  1914-18,  overseas.,  Capt..  Royal  Engrs.,  M.C.  and 
Bar;  1921  to  date.  Registrar,  Association  of  Professional  Engineers  of  the  Province  of 
British  Columbia,  Vancouver,  B.C.     (A.M.  1921.) 

References:  J.  Robertson,  A.  S.  Wootton,  H  N.  Macpherson,  E.  C.  Thrut)p 
J.  P.  Mackenzie,  G.  L.  Tooker,  P.  H.  Buchan. 


FOR  TRANSFER  FROM  THE  CLASS  OF  JUNIOR 

FOX— JOHN  H.,  of  37  Macdonell  Ave.,  Toronto  3,  Ont.,  Born  at  Toronto,  May 
24th.  1903;  Educ,  B.A.Sc.  llniv.  of  Toronto,  1927;  1924-25.  dftsman.,  plant  dept.. 
Bell  Telephone  Company  of  Canada;  Summers  1923  and  1926,  constrn.  work;  1927-28, 
demonstrator,  hydraulics,  l^niv.  of  Toronto;  1928-.35,  asst.  to  chief  engr.,  C.  A.  Dun- 
ham Co.  Ltd.;  at  present,  engr.  in  charge  of  space  heating  of  the  "Modutrol"  divn., 
Minneapolis-Honeywell  Regulator  Co.  Ltd.,  Toronto,  Ont.     (.S'Z.  1926,  Jr.  1930.) 

References:  R.  E.  Smythe,  R.  W.  Angus,  W.  S.  Wilson,  G.  L.  Wiggs,  C  R.  Young, 
W.  B.  Dunbar. 

LEA— HARRY  WIND.SOR,  of  1117  St.  Matthew  St.,  Montreal,  Que.,  Born  at 
Victoria,  PEL,  Nov.  2nd,  1898;  Educ  ,  B.Sc  (Civil),  McGill  Univ.,  1931;  1916-19, 
overseas,  C.E.F.  and  R.A.F.;  1920,  instr'man.,  on  townsite  constrn.  work,  Kipewa 
Co.,  Kipewa,  Que.;  1921.  with  HE. PC  of  Ontario,  on  constrn.  of  Chippawa  develop- 
ment, concrete inspr.,  etc.;  1922,  asst.  chief  inspr.,in  charge  of  west  divn.,  on  paving  and 
sidewalk  constrn..  Roads  Dept.,  City  of  Montreal;  1922-27,  asst.  engr.  of  constrn., 
Dept.  of  Technical  Service,  City  of  Montreal;  with  R.  S.and  W.JS.  Lea.  Consltg.  Engrs., 
at  various  times  during  holidays,  etc.,  on  calculations  in  connection  with  design  and  cost 
of  hydro-electric  plants,  and  water  and  sewerage  systems;  1928-29,  with  A.  D.  Swan, 
M.E.I.C.,  Consltg.,  Engr.,  as  res.  engr.  on  constrn.  of  new  hbr.  works  at  Chicoutimi; 
1930  (summer),  with  Power  Corporation  of  Canada,  in  charge  of  hydrographic  survey 
for  location  of  ship  channel  to  quarry  site  on  Georgian  Bay  (2  mos.),  R.  S.  and  W.  S. 
Lea  on  hydraulic  investigations  and  preparation  of  reports  on  hydro-electric  power 
projects  (2  mos);  1931  to  date,  with  Montreal  Sewers  Commission  as  designing  engr. 
as  to  capacity  and  strength  of  various  trunk  and  intercepting  sewers,  also  design  and 
layout  of  control  structures  of  various  types,  sewage  pumping  plants  and  sewage 
treatment  plant.      (Jr.  192/,.) 

References:  G.  R.  MacLeod,  H.  M.  Scott,  R.  E.  Jamieson,  J.  B.  Chillies,  A.  C.  D. 
Blanchard,  R.  DeL.  French. 

MacNICOL— NICOL,  of  .333  Lonsdale  Road,  Forest  Hill  Village,  Ont.,  Born 
at  Barrie,  Ont..  May  18th,  1898;  Educ,  B.A.Sc,  Univ.  of  Toronto,  1919;  1917  (3  mos.), 
rodman,  Speight  &  Van  Nostrand,  Toronto;  1918  (5  mos),  dredge  inspr.,  Canadian 
Stewart  Co.,  Toronto;  1919-20,  municipal  engrg.,  Morris  Knowles  Co.  Ltd.,  Windsor, 
Ont.;  1920  (6  mos),  struct'l.  design.  Smith,  Hinchman  &  Grylls,  Detroit;  1920-21, 
valuation  work.  Grand  Trunk  Western  Lines,  Detroit;  1921-23,  municipal  engrg., 
James,  Proctor  &  Redfern,  Toronto;  192.3-31,  township  engr  ,  Etobicoke  Township, 
Islington,  Ont.;  1931  to  date,  works  commissioner,  Forest  Hill  Village,  Ont.,  having 
complete  charge  of  engineering  in  two  latter  positions.     (>S/.  1918,  Jr.  1923.) 

References:  E.  M.  Proctor,  W.  B.  Redfern,  E.  L.  Cousins,  W.  E.  Bonn,  R.  E. 
Smythe,  A.  E.  Berry,  A.  E.  K.  Bunnell. 

McGILLIS— LESTER,  of  Valleyfield,  Que.,  Born  at  Lancaster,  Ont.,  Apr.  27th, 
1899;  Educ,  B.Sc  (E.E.),  McGill  Univ.,  1924;  1919-20,  ap'tice  electrician.  Northern 
Electric  Co  ;  (summer)  1923,  on  transmission  line  erection,  Shawinigan  Engrg.  Co.; 
1924-25.  electrician  on  substation  and  power  house  constrn.,  also  elect'l.  mtce.,  Hol- 
linger  Cons.  Gold  Mines;  1925-27,  in  charge  of  substation  mtce.  and  erection,  Rio  de 
Janeiro  Tramway  Light  &  Power  Co.;  1927-28,  res.  engr.,  at  Parahybra  plant.  Respon- 
sible for  operation  of  power  house,  dams,  canals,  etc.;  Brazilian  Hydro-Electric  Co.; 
1928  to  date,  with  the  Shawinigan  Water  and  Power  Co.,  first  as  supt.  of  North  Shore 
Power  Company,  then  asst.  divn.  mgr,,  and  at  present,  mgr.,  Beauharnois  Division. 
(SI.  1922,  Jr.  1928.) 

References:  J.  H.  Fregeau,  B.  Grandmont,  C.  V.  Christie,  G.  A  Wallace,  R.  E. 
Heartz,  J.  A.  McCrory. 

THOMPSON— WILLIAM  LENNOX,  of  Montreal,  Que.,  Born  at  Dorchester, 
Ont.,  May  13th,  1902;  Educ.  B.A.Sc,  Univ.  of  Toronto,  1927;  1926,  with  Eraser 
Brace  Co.  Ltd.,  Internationa!  paper  mill  constrn.,  Gatineau,  Que.;  1927-29,  Bailey 
Meter  Co.,  Cleveland,  Ohio.  Research  development  work.  Supervision  of  erection 
and  adjustment,  Bailey  control  systems  in  central  stations,  Cleveland,  Detroit  and 
Boston;  1929  to  date,  sales-service  engr.,  Bailey  Meter  Co.  Ltd.,  Montreal.  (Quota- 
tions and  sales  contact;  design  and  supervision  of  manufacture,  installn.  and  adjust- 
ment of  metering  and  control  applications.  Assisting  and  in  charge  of  acceptance 
tests  in  connection  with  boilers,  stokers,  fuel  and  other  auxiliary  power  plant  equip- 
ment.    (St.  1923,  Jr.  1929.) 

References:  F.  S.  B.  Heward,  T.  R.  Loudon,  F.  A.  Combe,  R.  E.  MacAfee,  J.  H. 
Parkin,  L.  H.  Birkett. 

VAN  KOUGHNET— EDWARD  MATTHEW,  of  157  Notre  Dame  St.,  St. 
Lambert,  Que.,  Born  at  Buffalo,  N.Y.,  Fel).  21st,  1902;  Educ,  Grad.,  R.M.C.,  1922. 
1922-23,  McGill  Univ.;  1923-24,  Steel  Co.  of  Canada,  Hamilton,  production  of  pig 
iron  and  hearth  steel;  1924-25,  Bell  Telephone  Co.  of  Canada.  Montreal,  outside  plant 
survey;  1925-26,  Caron  Bros.,  Montreal,  gasoline  and  electric  power  plants;  1926-28, 
Shawinigan  Water  &  Power  Co.,  transitman  on  trans,  line  layouts,  i/c  survey  party 
on  Mattawin  River,  hydraulic  studies,  etc.;  1928-29,  Canadian  General  and  Finance 
Co.  Ltd..  Toronto,  and  Sao  Paulo  Tramways,  Sao  Paulo.  Brazil,  trans,  line  stuctiee, 
sr.  asst.  to  res.  engr.  on  constrn.  of  Rio  Grande  dam.  Brazil;  1929-30,  with  the  late 
F.  B,  Brown,  m.e.i.c,  consltg.  engr.,  Montreal,  i/c  trans  line  estimates  Beauharnois 
220  k.v.  line,  hydraulic  studies,  estimates;  1930-32,  Montreal  Light,  Heat  &  Power 
Cons.,  Montreal,  design,  estimates,  and  constrn.  of  high  voltage  trans,  lines.  (iS(. 
1922,  Jr.  1928.) 

References:  L.  L.  O'Sullivan,  H.  Milliken,  J.  A.  McCrory,  C.  R.  Lindsey,  S.  S. 
CoUe,  F.  S.  B.  Heward. 

VARLEY— PERCY,  of  2384  Leclaire  St..  Montreal,  Que.,  Born  at  Leeds,  Yorks, 
England,  Oct.  11th,  1900;  Educ,  Has  passed  E.I.C.  Examinations  under  Schedules 
"B,"  1932,  and  "C"  (For  admission  as  A.M.),  19.33;  191.5-21,  with  Canadian  Vickers, 
Ltd.,  naval  elect'l.  dfting,  4  years,  ap'ticeship,  2  years,  dftsman.,  design  and  detailing 
installns.  and  equipment;  1922-23,  mechl.  dfting.,  refrigerating  plant  layouts  and 
detailing  ammonia  compressors,  Linde  Canadian  Refrigeration  Co.  Ltd.;  1923-24, 
locomotive  dfting.,  design  and  detail  of  locomotive  boilers,  Montreal  Locomotive 
Works  Ltd.;  1924-26.  archtl.  dfting.,  Canadian  Benedict  Stone  Co.  Ltd.;  1926-28, 
locomotive  dfting,  standardizing  locomotive  parts,  C.N.R.;  Sept.  1928  to  date,  with 
Canadian  Industries  Limited,  first  year  at  .Sandwich,  Out.,  as  asst.  engr.  and  dftsman., 
and  at  present  elect'l.  dftsman.,  in  charge  of  elect'l.  plant  layouts  and  design,  Mont- 
real. (Jr.  1932.) 

References:  L.  de  B.  McCrady,  I.  R.  Tait.  H.  C.  Karn,  A.  B.  McEwen,  C.  H. 
Jackson,  E  B.  Jubien. 

FOR  TRANSFER  FROM  THE  CLASS  OF  STUDENT 

BOSTOCK— WILLIAM  NORMAN,  of  Esquimalt.  BC  .  Born  at  Monte  Creek, 
B.C.,  Nov.  12th,  1903;  Educ,  B.Sc  (Civil),  McGill  Univ.,  1925.  (Grad.,  R.M.C.); 
1927-28,  asst.  on  Dom.  Govt,  survey  party;  1930-31,  Lieut.,  and  1931  to  date,  Capt., 
Royal  Canadian  Engrs.,  19.32-34,  Geographical  Section,  General  Staff,  and  1934-35, 
Directorate  of  Engineer  Services.     (St.  1925.) 

References:  E.  J.  C.  Schmidlin,  G.  R.  Turner,  C.  R.  S.  Stein,  E.  L.  M.  Burns, 
D.  Barry,  W.  L.  Laurie,  J.  A.  Wilson. 

GODWIN— HAROLD  BRANDON,  of  Camp  Borden,  Ont.,  Born  at  Westmount, 
Que.,  Apr,  24th,  1907;  Educ,  B.Sc,  McGill  Univ.,  1928;  1923-24.  North  Shore  Power 
Co.;  192.5-26-27  (4  mos.  each),  Shawinigan  Engrg.  Co.;  1928  (4  mos.).  Can.  Gen.  Elec. 
Co.,  Toronto;  1930-31,  engrg,  divn.,  RC.A.F.;  1931-.32.  test  flight,  Ottawa  Air  Sta- 
tion; 1933-35,  signals  officer,  R.C.A.F.;  at  present,  Flight-Lieut.,  in  charge  of  Signal 
Section,  School  of  Army  Co-operation.   Camp  Borden,  Ont.     (St.  1925.) 

References:  A.  Ferrier,  D.  C.  M.  Hume,  E.  W.  Stedman,  C.  V.  Christie. 
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EMPLOYMENT   SERVICE   BUREAU 

The  Service  is  operated  for  the  benefit  of  members  of  The  Engineering  Institute  of  Canada, 

and  for  industrial  and  other  organizations  employing  technically  trained  men — 

without  charge  to  either  party. 

All  correspondence  shiuld  he  addressed  to 

The  Employment  Service  Bureau,  The  Engineering  Institute  oF  Canada 

2050  Mansfield  Street,  Montreal 


Situations  Vacant 

CHEMICAL  ENGINEER,  for  a  large  organization,  with 
five  to  ten  years  operating  experience  in  heavy  inorganic 
chemical  processes.  An  opportunity  for  a  capable  man. 
Apply  giving  full  information  regarding  experience  to 
Box  No.  1177-V. 

MECHANICAL  ENGINEER— Manufacturer  of  steam 
power  plant  equipment  and  accessories  has  opening  for 
man  with  experience  in  sales,  power  plant  operation 
and  a  thorough  knowledge  of  combustion  problems. 
Position  will  lead  to  sales  engineering  but  applicants 
need  not  necessarily  have  sales  experience.  Reply 
stating  full  details  of  education  and  experience  to  Box 
No.  1178-V. 

CHIEF  CHEMLST.  Capable  man  with  approximately 
ten  years  experience  in  routine  analyses  and  having  the 
ability  to  supervise  the  work  of  others.  Opening  is  with 
large  Canadian  company.  Apply  giving  full  parti- 
culars to  Box  No.  1179-V. 

Situations  Wanted 

SALES  ENGINEER,  s.e.i.c;  b.sc.  c.e.,  1930  (Univ. 
New  Bruna.),  p.e.n.b.  Age  28.  Experience  includes 
building  inspection,  structural  detailing,  road  construc- 
tion, and  chemical  operation.  Interested  in  sales  work 
on  the  sales  staff  of  some  manufacturing  or  wholesale 
concern.     Apply  to  Box  No.  225-W. 

REINFORCED  CONCRETE  ENGINEER,  b.sc,  p.e.q., 
eight  years  experience  in  construction  design  of  industrial 
buildings,  office  buildings,  apartment  houses,  etc.  Age 
30.     Married.     Apply  to  Box  No.  257-W. 

DESIGNING  DRAUGHTSMAN,  experience  in  layout 
of  steam  power  house  equipment  and  piping.  Wide 
experience  in  mechanical  drive  and  details  of  machinery, 
gearing,  and  hoists.  Accustomed  to  layout  of  small  mill 
buildings  of  steel  and  timber,  structural  design  and 
details.  Good  references.  Present  location  Montreal. 
Apply  to  Box  No.  329-W. 

ENGINEER  AND  ACCOUNTANT,  jr.B.i.c,  (Capt. 
Can.  Engrs,  reserve).  Age  35,  Canadian.  Experienced 
in  mechanical  and  civil  engineering.  Diploma;  general 
office,  draughting  and  instrument  work ;  assistant  engineer 
erection  Royal  York  hotel;  assistant  resident  engineer 
T.  &  N.O.  Ry.  const.  Desires  position  in  Toronto 
where  combination  of  technical  and  business  experience 
will  be  of  value,  as  have  been  director  and  accountant 
last  three  years.     Apply  to  Box  No.  377-W. 

CIVIL  ENGINEER,  b.a.sc.  and  c.e.;  a.m.e.i.c,  a.m. 
A. 8. C.E. ,  age  32,  married.  Experience  over  twelve  years 
as  assistant  and  resident  engineer  on  the  construction  of 
hydro-electric,  railway,  and  aerodrome  works.  Also 
office  and  teaching  work  on  hydraulic  designs  and 
investigations,  reinforced  concrete,  bridge  foundations 
and  caissons.  Location  immaterial.  Available  at  once. 
Apply  to  Box  No.  447-W. 

SALES  ENGINEER,  ma. so.  Univ.  of  Toronto,  wishes  to 
represent  firm  selling  building  products  or  other  engineer- 
ing commodities,  as  their  representative  in  Western 
Canada.  Located  in  Winnipeg.  Apply  to  Box  No. 
467-W. 

MECHANICAL  ENGINEER,  sac.  Age  31.  Married. 
Last  ten  years  includes: — Mechanical  structural  and 
reinforced  concrete  design  in  pulp  and  paper  mills, 
industrial  plants,  hydro-electric,  mine,  sewers  and 
sewage  disposal  plant  construction.  My  experience  also 
includes  shop  production,  steam  plant  combustion,  fuel 
analysing,  inspecting,  supervising  and  instrument  work 
on  industrial  construction.  Permanent  position  pre- 
ferred.   Apply  to  Box  No.  521-W. 

CIVIL  ENGINEER.  Canadian,  married,  twenty-five 
years  technical  and  executive  experience,  specialized 
knowledge  of  industrial  housing  problems  and  the 
administration  of  industrial  towns,  also  town  planning 
and  municipal  engineering,  desires  new  connection. 
Available  on  reasonable  notice.  Personal  interview 
sought.     Apply  to  Box  No.  544-W. 

CONSTRUCTION  ENGINEER,  age  26,  unmarried, 
graduate  C.E.  Experience  includes  hydro-electric,  rail- 
road, highway,  and  industrial  plant  construction,  both 
field  and  office,  including  cost  accounting,  estimating, 
stores,  layout,  general  engineering  and  supervision,  as 
well  as  practical  work  in  mechanical  trades.  Apply  to 
Box  No.  567-W. 

DOMINION  LAND  SURVEYOR,  and  graduate  engineer 
with  extensive  experience  on  legal,  topographic  and 
plane-table  surveys  and  field  and  office  use  of  aero- 
photographs,  desires  employment  either  in  Canada  or 
abroad.    Available  at  once.     Apply  to  Box  No.  589-W. 


Situations  Wanted 

DESIGNING  ENGINEER  AND  ESTIMATOR,  grad 
Univ.  of  Toronto  in  C.E.,  a.m.e.i.c,  twenty  years 
experience  in  structural  steel,  construction  and  munic- 
ipal work.  Available  at  once.  Apply  to  Box  No 
613-W. 


ELECTRICAL  ENGINEER,  McGiU  '31.  desires  per- 
manent position  in  engineering  field.  Experience  in- 
cludes draughting,  designing  and  testing  of  induction 
motors,  radio  supervision  and  test,  and  some  construc- 
tion.   Available  immediately     Apply  to  Box  No.  626-W 

CIVIL  ENGINEER,  a.m.e.i.c,  r.p.e.,  Ontario;  three 
years  construction  engineer  on  industrial  plants;  fourteen 
years  in  charge  of  construction  of  hydraulic  power 
developments,  tower  lines,  sub-stations,  etc.;  four 
years  as  executive  in  charge  of  construction  and  develop- 
ment of  harbours,  including  railways,  docks,  warehouses, 
hydraulic  dredging,  land  reclamation,  etc.  Apply  to 
Box   No.   647-W. 

ELECTRICAL  ENGINEER.  Univ.  Grad.  1928.  Two 
years  Students'  apprenticeship  at  Can.  Westinghouse 
Co.,  including  test  and  electrical  machine  design.  Also 
about  two  years  experience  in  operating  dept.  of  large 
electrical  power  organization.  Available  on  short 
notice.     Apply  to  Box  No.  660  W. 


Employment  Service  Bureau 

This  bureau  is  maintained  by  The  Engineering 
Institute  of  Canada  for  the  benefit  of  members 
and  organizations  employing  technically  trained 
men. 

An  enquiry  addressed  to  2050  Mansfield  Street, 
Montreal,  vrill  bring  full  information  concerning 
the  services  offered.  Details  can  also  be  obtained 
from  Branch  secretaries  who  .ire  located  in  the 
larger    centres    throughout    Canada. 

Brief  announcements  of  men  available  and  po- 
sitions vacant  will  be  published  without  charge 
in  The  Engineering  Journal  and  the  Bulletin. 
Replies  addressed  in  care  of  the  required  box  num- 
ber will  be  forwarded  to  the  advertiser  without 
delay. 

An  additional  service  also  offered  those  who  are 
unemployed  or  wish  to  change  their  positions,  is 
the  opportunity  of  placing  their  names  and  records 
on  file  at  2050  Mansfield  Street  for  consideration 
by  employers  wishing  to  employ  engineers.  This 
is  of  great  assistance  as  many  employers  will  not 
advertise  or  wish  to  locate  a  suitable  man  on  short 
notice.  If  desired  the  information  contained  in 
these  records  can  be  kept  confidential. 

Forms  for  registration  p\irposes  may  be  obtained 
from  The  Institute  Headquarters  or  Branch  sec- 
retaries. 


ELECTRICAL  AND  RADIO  ENGINEER,  b.sc.  '30. 
Variously  engaged  on  receiver  development  work,  testr 
ing,  and  transformer  development,  under  direction. 
More  recent  experience  includes  transmitter  test  room 
procedure  and  short  wave  beam  transmission  engineer- 
ing.    For  further  information  apply  to  Box  No.  680-W. 

DIESEL  ENGINEER.  Erection  and  industrial  engineer, 
a.m.e.i.c,  technically  trained  mechanical  engineer 
with  English  and  Canadian  experience  in  erection  and 
operation  of  steam  and  Diesel  equipment  in  power 
house  and  mines,  pumping,  rock  drilling,  air  com- 
pressors. Experienced  in  industrial  and  steel  works 
operations  including  rolling  mills,  quarries,  sales.  Open 
for  position  on  maintenance,  operation  or  sales  engineer. 
Location  immaterial.    Apply  to  Box  No.  682-W. 

MECHANICAL  AND  STRUCTURAL  ENGINEER. 
.Six  years  experience  with  prominent  manufacturer, 
designing,  heating  and  power  boilers,  boiler  installations, 
coal  and  ash  handling  equipment.  Good  practical  knowl- 
edge of  steel  plate  work  welding.  Also  wide  experience 
in  designing,  estimating  and  detailing  structural  steel 
for  buildings  and  bridges.  Good  education.  Have  held 
position  of  responsibility.  Above  can  be  verified  by 
best  of  references.  Available  at  once.  Apply  to  Box 
No.  692-W. 

ELECTRICAL  AND  CIVIL  ENGINEER,  b.sc,  Elec. 
'29,  B.sc,  Civil  '33.  Age  27.  jr.E.i.c  Undergraduate 
experience  in  surveying  and  concrete  foundations;  also 
four  months  with  Canadian  General  Electric  Co.  Thirty- 
three  months  in  engineering  office  of  a  large  electrical 


Situations  Wanted 

manufacturing  company  since  graduation.  Good 
experience  in  layouts,  switching  diagram-s.  specifica- 
tions and  pricing.  Best  of  references  Available  im- 
mediately.    Apply  to  Box  No.  (193-W 

MECHANICAL  ENGINEER,  b.sc  ,  '27,  jr.E.i.c  Four 
years  maintenance  of  high  speed  Diesel  engine  units, 
200  to  1,300  h.p.  Also  maintenance  of  d  c.  and  a.c. 
electrical  systems  and  machinery.  Draughting  expe- 
rience. Westinghouse  apprenticeship  course.  Practical 
mechanical  and  electrical  engineer  with  a  special  study 
of  high  speed  Diesel  engine  design,  application  and 
operation.  Location  in  western  or  eastern  Canada 
immaterial.    Apply  to  Box  No.  703-W. 

COMBUSTION  ENGINEER,  r.p.e.,  Manitoba,  a.m.e.i.c 
Wide  experience  with  all  classes  of  fuels.  Expert  de- 
signer and  draughtsman  on  modern  steam  power  plants 
Experienced  in  publicity  work.  Well  known  throughout 
the  west  Location,  Winnipeg  or  the  west  Available 
at  once.     Apply  to  Box  No.  71 3-W. 

ELECTRICAL  ENGINEER,  b.sc.  University  of  N  B., 
'31  Experience  includes  three  months  field  work  with 
Saint  .lohn  Harbour  Reconstruction.  Apply  to  Box  No. 
722-W. 

MECHANICAL  ENGINEER,  age  41,  married.  Eleven 
years  designing  experience  with  project  of  outstanding 
magnitude.  Machinery  layouts,  checking,  estimating 
and  inspecting.  Twelve  years  previous  engineering, 
including  draughting,  machine  shop  and  two  years 
chemical  laboratory.  Highest  references.  Apply  to 
Box  No.  723-W. 

CIVIL  ENGINEER,  b.sc.  (Alta.  '31),  s.e.i.c  Experience 
includes  three  seasons  in  charge  of  survey  party.  Tran- 
sitman  on  railway  maintenance,  and  concrete  bridge 
designing.  Nature  of  work  and  location  immaterial. 
Apply  to  Box  No.  724-W. 

YOUNG  CIVIL  ENGINEER,  b.sc  (Univ  of  N  B  '31). 
with  experience  as  rodman  and  checker  on  railroad 
construction,  is  open  for  a  position.    Apply  to  Box  No. 

728-W. 

DESIGNING  ENGINEER,  m.sc.  (McGill  Univ.).  d.l.s., 
a.m.e.i.c,  p.e.q.  Experience  in  design  and  construction 
of  water  power  plants,  transmission  lines,  field  in- 
vestigations of  storage,  hydraulic  calculationa  and 
reports.  Also  paper  mill  construction,  railwavs,  high- 
ways, and  in  design  and  construction  of  bridges  and 
buildings.  Available  at  once.  Apply  to  Box  No. 
729-W. 

MECHANICAL  ENGINEER,  s.e.i.c,  b  a.so  ,  Univ. 
of  B  C.  '30.  Single,  age  24.  Sixteen  months  with  the 
Allis-Chalmers  Mfg.  Co.  as  student  engineer.  Ex- 
perience includes  foundry  production,  erection  and 
operation  of  steam  turbines,  erection  of  hydraulic  ma- 
chinery, and  testing  texropes  and  centrifugal  pumps. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  735-W. 

RADIO  AND  ELECTRICAL  ENGINEER,  b.sc.  '31, 
S.E.I.C.  Age  27.  Experience  in  installation  of  power 
and  lighting  equipment.  Temporary  operator  in  radio 
station;  studio  experience  with  part  time  announcing 
Two  summers  in  switchboard  and  installation  depart- 
ment of  telephone  company,  eight  months  on  extensive 
survey  layouts.  Interested  in  sales  work  of  electrical 
or  radio  equipment.  Available  on  short  notice.  Location 
immaterial.     Apply  to  Box  No.  740-W. 

CIVIL  ENGINEER,  b.sc  '29.  a.m.e  i  c.  Married.  One 
year  building  construction.  One  year  hydro-electric 
construction  in  South  America,  eighteen  months  resident 
engineer  on  highway  construction,  one  year  on  harbour 
design  and  construction.  Working  knowledge  of  Spanish. 
Apply  to  Box  No.  744-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc  Queen's  Univ.  '20 
Age  25.  Married.  Three  years  experience  as  con- 
struction supt.  and  estimator  for  contracting  firm. 
Experience  includes  general  building,  bridges,  sewer 
work,  concrete,  boiler  settings,  sand  blasting  of  bridges 
and  spray  painting.  Available  at  once.  Apply  to  Box 
No.  776-W. 

CIVIL  ENGINEER,  b.sc,  '25.  jr.E.i.c.  p.e.q,  married. 
Desires  position,  preferably  with  construction  firm. 
Experience  includes  railway,  monument  and  mill 
building  construction.  Available  immediately.  Apply 
to  Box  No.  780-W. 

DRAUGHTSMAN,  experience  in  civil  engineering, 
forestry  engineering,  land  surveying  and  house  con- 
struction.   Good  references.     Apply  to  Box  No   781-W. 

ELECTRICAL  AND  SALES  ENGINEER,  s.e.i.c,  grad 
'28.  Experience  includes  one  year  test  course,  one  year 
switchboard  design  and  two  years  switchboard  and 
switching  equipment  sales  with  large  electrical  manufac- 
turing company.  Three  summers  Pilot  Officer  with 
R.C.A.F.    Available  at  once.    Apply  to  Box  No.  788-W. 

PLANT  ENGINEER  or  SUPERINTENDENT,  capable 
of  supervising  all  phases  of  industrial  plant  operation, 
graduate  electrical,  eleven  years  diversified  industrial 
experience  including  test  course,  four  years  on  large 
Quebec  industrial  development,  on  construction  and 
operation,  also  six  years  with  prominent  consulting  firm 
supervising  electrical  and  mechanical  engineering 
projects.     Age  31,  single.     Apply  to  Box  No.  795-W. 
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CIVIL  ENGINEER,  s.e.i.c,  graduate  '30,  age  23,  single. 
Experience  includes  mining  surveys,  assistant  on  high- 
way location  and  construction,  and  assistant  on  large 
construction  work.  Steel  and  concrete  layout  and 
design.     Apply  to  Box  No.  809-W. 

CIVIL  ENGINEER,  B.E.  (Sask.  Univ.  '32),  s.e.i.c. 
Single.  Experience  in  city  street  improvement;  sewer 
and  water  extensions.  Good  draughtsman.  References. 
Available  at  once.  Location  immaterial.  Apply  to  Box 
No.  818-W. 

CIVIL  ENGINEER,  b.a.sc,  d.l.s.,  o.l.s.,  a.m.e.i.c, 
age  46,  married.  Twelve  years  experience  in  charge  of 
legal  field  surveys.  Owns  own  surveying  equipment. 
Eight  years  on  technical,  administrative,  and  editorial 
office  work.  Experienced  in  writing.  Desires  position 
on  survey  work,  assisting  in  or  in  charge  of  preparation 
of  house  organ,  on  staff  of  technical  or  semi-technical 
magazine,  or  on  publicity,  editorial  or  administrative 
officework.  Available  at  once.  Will  consider  any  salary, 
and  any  location.     Apply  to  Box  No.  831-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc.  '32  (Univ.  of  N.B.). 
Age  25.  Married.  Two  years  experience  in  power  line 
•onstruction  and  maintenance;  one  year  of  highway 
construction;  one  summer  surveying  for  power  plant 
site,  location  and  spur  railway  line  construction.  Avail- 
able at  once.  Location  immaterial.  Apply  to  Box 
No.  840-W. 

CIVIL  ENGINEER,  b.sc  '15,  a.m.e.i.c,  married,  exten- 
sive experience  in  responsible  position  on  railway  con- 
struction, also  highways,  bridges  and  water  supplies. 
Position  desired  as  engineer  or  superintendent.  Avail- 
able at  once.     Apply  to  Box  No.  841-W. 

STRUCTURAL  ENGINEER,  b.a.sc,  a.m.e.i.c.  Twenty- 
two  years  experience  in  design  of  bridges  and  all  types 
of  buildings  in  structural  steel  and  reinforced  concrete. 
Three  years  experience  in  railway  construction  and 
land  surveying.    Apply  to  Box  No.  856-W. 

MECHANICAL  ENGINEER,  b.sc.  '32,  s.e.i.c  Good 
draughtsman.  Undergraduate  experience: — One  year 
moulding  shop  practice;  two  years  pipe  fitting  and  sheet 
metal  work;  one  year  draughting  and  tracing  on  paper 
mill  layout;  six  months  machine  shop  practice;  and 
eight  months  fuel  investigation  and  power  heating 
plant  testing.  Desires  position  offering  experience  in 
steam  power  plants  or  heating  and  ventilating  design. 
Will  go  anywhere.    Apply  to  Box  No.  858-W. 

MECHANICAL  ENGINEER,  age  31,  graduate  Sheffield 
(England)  1921;  apprenticeship  with  firm  manufacturing 
steam  turbine  generators  and  auxiliaries  and  subsequent 
experience  in  design,  erection,  operation  and  inspection 
of  same.  Marine  experience  b.o.t.  certificate  thoroughly 
conversant  with  Canadian  plants  and  equipment.  Avail- 
able on  short  notice.     Any  location.     Box  No.  860-W. 

CHEMICAL  ENGINEER,  b.sc.  (McGiIl'21),  a.m.e.i.c, 
age  36,  married;  three  years  since  graduation  with  pulp 
and  paper  mills;  eight  years  in  shops,  estimating  and 
sales  divisions  of  well-known  gas  engineering  and  con- 
struction companies  in  the  United  States.  Excellent 
references.  Available  on  short  notice.  Apply  to  Box 
No.  866-W. 

CONSTRUCTION  ENGINEER  (Toronto  Univ.  of  '07). 
Experience  includes  hydro-electric,  municipal  and  rail- 
road work.  Available  immediately.  Location  imma- 
terial.    Apply  to  Box  No.  886-W. 

ELECTRICAL  ENGINEER,  graduate  1929,  s.e.i.c 
Single.  Experience  includes  two  years  with  electrical 
manufacturing  concern  and  one  on  highway  construction 
work.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  887-W. 

AGENCIES  WANTED.  Young  engineer,  b.a.sc.  in  c.e., 
with  business  and  sales  experiences,  speaking  fluent 
French,  would  consider  representing  a  firm  as  agent 
for  Montreal  or  the  province  of  Quebec.  Apply  to  Box 
No.  891-W. 

ELECTRICAL  ENGINEER,  grad.  Univ.  of  N.B.  '31. 
Experienced  in  surveying  and  draughting,  requires 
position.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  893-W. 

CIVIL  ENGINEER,  b.a.sc,  jr.E.i.c,  age  29,  single. 
Experience  includes  two  years  in  pulp  mill  as  draughts- 
man and  designer  on  additions,  maintenance  and  plant 
layout.  Three  and  a  half  years  in  the  Toronto  Buildings 
Department  checking  steel,  reinforced  concrete,  and 
architectural  plans.  Available  at  once.  Location  im- 
material. At  present  in  Toronto.  Apply  to  Box  No. 
899-W. 

DESIGNING  ENGINEER,  a.m.e.i.c.  Permanent  and 
executive  position  preferred  but  not  essential.  Fifteen 
years  experience  in  designing  power  plants,  engine 
and  fan  rooms,  kitchens  and  laundries.  Thoroughly 
familiar  with  plumbing  and  ventilating  work,  pneu- 
matic tubes,  and  refrigeration,  also  heating,  electrical 
work,  and  specifications.     Apply  to  Box  No.  913-W. 


Situations  Wanted 

CIVIL  ENGINEER,  b,8c.,  o.p.e.  Experience  includes 
several  years  on  municipal  work-design  and  construction 
of  sewers,  steel  and  concrete  bridges,  watermains  and 
pavements.  Available  at  once.  Apply  to  Box  No. 
950-W. 

CIVIL  ENGINEER,  b.sc  (Univ.  of  Sask.  '33),  s.e.i.c. 
age  28,  single.  Experience  in  testing  hydro-electric 
equipment,  draughting,  surveying,  city  street  improve- 
ments, technical  photography.  Available  at  once.  Lo- 
cation immaterial.    Apply  to  Box  No.  986-W. 

ELECTRICAL  ENGINEER,  s.e.i.c,  b.sc,  (N.S.  Tech. 
Coll. ,  '33) ,  desires  work.  Experience  in  transmission  line 
construction.  Location  or  class  of  work  immaterial. 
Apply  to  Box  No.  1010-W. 

ENGINEER  SUPERINTENDENT,  age  44.  Engineering 
and  business  training,  executive  ability,  tactful,  ener- 
getic. Had  charge  of  several  large  projects.  Intimate 
knowledge  of  costs  and  prices,  reports  and  estimates. 
Available  immediately.  Any  location.  Apply  to  Box 
No.  102 1-W. 

CIVIL  ENGINEER,  b.sc  (Queen's,  '14),  a.m.e.i.c,  Do- 
minion Land  Surveyor,  5  months  special  course  at  the 
University  of  London,  England,  in  municipal  hygiene 
and  reinforced  concrete  construction.  Experience 
covers  legal  and  topographic  surveys,  plane  tabling  and 
stadia  surveying,  railway  and  highway  construction, 
drainage  and  excavation  work.  Available  at  once. 
Apply  to  Box  No.   1035-W. 

ELECTRICAL  ENGINEER  AND  GEOPHYSICIST. 
Age  36.  Married.  Seven  years  experience  in  geophysi- 
cal exploration  using  seismic,  magnetic  and  electrical 
methods.  Two  years  experience  with  the  Western 
Electric  Company  of  Chicago,  working  on  equipment 
and  magnetic  materials  research.  Experienced  in  radio 
and  telephone  work,  also  specializing  in  precise  electrical 
measurements,  resistance  determinations,  ground  po- 
tentials and  similar  problems  of  ground  current  dis- 
tribution.   Apply  to  Box  No.  1063-W. 

ELECTRICAL  ENGINEER,  b.a.sc  Univ.  Toronto  '28. 
Experience  includes  Can.  Gen.  Elec.  Co.  Test  Course. 
Also  more  than  two  years  in  the  engineering  dept.  of 
the  same  company.  Available  on  short  notice.  Pre- 
ferred location  central  or  eastern  Canada.  Apply  to 
Box  No.  1075-W. 

ELECTRICAL  ENGINEER,  b.sc  Married.  Eight 
years  electrical  experience,  including  operation,  main- 
tenance and  construction  work,  electrical  design  work 
on  large  power  development,  mechanical  ability,  ex- 
perienced photographer,  employed  in  electrical  capacity 
at  present.  Available  on  reasonable  notice.  Apply  to 
Box  No.  1076-W. 

GRADUATE  IN  MECHANICAL  ENGINEERING, 
1927,  desires  opportunity  in  Diesel  engine  field,  pre- 
ferably in  design  and  development  work.  Skilled 
draughtsman  and  clever  in  design.  Familiar  with  basic 
theories  of  the  Diesel  engine  and  in  touch  with  recent 
developments  and  applications.  Anxious  to  obtain  a 
foothold  with  up-to-date  company.  No  objection  to 
shopwork  or  other  duties  as  a  start  but  would  prefer 
shopwork  and  assembly  if  possible.  Apply  to  Box  No. 
108 1-W. 

CIVIL  ENGINEER,  b.sc,  Sask.  '30.  s.e.i.c  Age  24 
years.  Experience  in  municipal  engineering,  including 
sewer  and  water  construction,  sidewalk  construction, 
paving,  storm  sewer  design,  draughting,  precise  levelling, 
and  reinforced  concrete  bridge  construction.  Unmar- 
ried. Available  at  once.  Will  go  anywhere.  Apply  to 
Box  No.  1115-W. 

ELECTRICAL  ENGINEER,  b.sce.e.  (Univ.  of  N.B. 
'31).  C.G.E.  Test  Course  included  industrial  control, 
induction  motors  and  transformers;  the  transformer 
test  included  desk  work  for  two  months  on  computing 
losses,  efficiencies,  etc.  Available  at  once.  Applv  to 
Box  No.  1119-W. 

MECHANICAL  ENGINEER,  b.a.sc  (Univ.  of  B.C.  '29); 
M.S.  Age  27.  Single.  Four  years  experience  in  research 
work  in  applied  mechanics  and  materials  testing.  Desires 
position  involving  analytical  work  in  design,  develop- 
ment or  testing.  Available  on  short  notice.  Apply  to 
Box  No.  1023-W. 

GEODETIC  AND  TOPOGRAPHICAL  ENGINEER, 
D.L.8.,  ME. I.e.  Experience  in  all  kinds  of  geodetic  and 
topographical  surveys,  especially  photo-topography, 
well  versed  in  all  kinds  of  air  photo  surveys;  Canadian 
and  U.S.  patent  method  of  determining  position  and 
elevations  of  points  from  air  photographs.  Available 
at  once  anywhere  in  Canada  or  the  United  States. 
Apply  to  Box.  No.  1127-W. 

PETROLEUM  CHEMIST,  b.sc  in  Chera.  Eng.  Age  25. 
Single.  One  and  a  half  years  experience  as  assistant 
chemist.  Capable  of  taking  charge  in  small  refinery. 
Wishes  position  anywhere  in  Canada.  Apply  to  Box 
No.  n30-W. 


Situations  Wanted 

ELECTRICAL  ENGINEER,  b.sc.  Queen's  '33.  Single, 
age  23.  Anxious  to  gain  experience.  Present  ex- 
perience installing  small  private  hydro-electric  plant. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  1137-W. 

CIVIL  ENGINEER,  a.m.e.i.c,  with  over  twenty  years 
experience  in  field  and  office  on  construction,  main- 
tenance, surveying,  location,  etc,  desires  position  pre- 
ferably of  a  permanent  nature.  At  present  near  Mont- 
real, but  willing  to  locate  anywhere.  Apply  to  Box 
No.  1168-W. 

CIVIL  ENGINEER,  b.a.sc,  s.e.i.c,  age  26,  single. 
Experience  includes  one  year  in  bridge  construction, 
plain  and  reinforced  concrete,  pneumatic  caissons  and 
surveying.  Available  at  once.  Any  location.  Apply  to 
Box  No.  1204-W. 

PHYSICIST  ENGINEER,  B.ScMech.  (Queen's  1913), 
M.Sc,  Ph.D.Physics  (McGill  1929,  '30).  Experience  in 
municipal  engineering,  producer  gas  installation  and 
operation,  university  plant  maintenance.  Experienced 
teacher  of  college  physics.  Industrial  and  pure  physical 
research  experience.  Age  42.  Married.  Apply  to  Box 
No.  1207-W. 

MECHANICAL  ENGINEER,  b.sc  (Queen's  Univ.  '28), 
age  36,  married,  desires  position  of  trust  and  responsi- 
bility. Experience  includes  fitting  and  assembly  of 
machine  tools,  production,  draughting,  and  maintenance. 
Five  years  teaching  draughting  and  mathematics.  Avail- 
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estimating  and  general  office  practice.  Apply  to  Box 
No.  1265-W. 

MECHANICAL  ENGINEER,  b.sc  (Queen's  Univ.  '29). 
Age  28.  Six  years  experience  in  automobile  office  and 
plant;  two  years  as  supervisor  of  inspection  in  body 
assembly.  Good  understanding  of  modern  business 
methods  applied  to  manufacturing.  Desires  position 
with  production  department  of  smaller  Ontario  industry. 
Good  references.  Interviews  anywhere  in  central  Ontario 
Apply  to  Box  No.  1270-W. 

ELECTRICAL  GRADUATE,  s.e.i.c,  b.bc  '32,  M.sc.  '34. 
Experience  includes  four  years  as  part  time  operator 
and  announcer  for  a  radio  broadcast  station.  At  present 
employed  in  radio  repair  dept.  of  a  large  wholesale  firm . 
Apply  to  Box  No.  1283-W. 
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one  year  power  line  construction,  five  years  resident  and 
assistant  district  engineer  on  highway  construction;  two 
years  highway  traffic  regulation  in  charge  of  district 
office.  Good  connections  in  Manitoba  and  Saskatche- 
wan. Excellent  references.  Available  at  once  and  will 
go  anywhere.  Located  in  Winnipeg.  Apply  to  Box 
No.  1316-W. 

ENGINEER  AND  DRAUGHTSMAN,  jr.E.i.c,  age  33, 
Diplomas  from  Mtl.  Tech.  Inst,  in  R.C.  and  Structural 
Design.  11'/^  years  experience  in  civil  engineering, 
draughting  and  instrument  work.  This  includes  7  years 
with  M.L.H.  &  P.  Cons,  as  field  engineer  on  construction 
and  maintenance.  Present  location  Montreal.  Available 
at  once.     Apply  to  Box  No.  1326-W. 
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Wood  preservation  can  be  defined  as  the  art  of  protect- 
ing structural  timber  from  destructive  agents,  the  most 
common  of  which  are  decay,  insects,  marine  borers, 
mechanical  abrasion  and  fire. 

In  the  three  prairie  provinces,  luckily,  one  is  not  con- 
cerned with  insects  or  marine  borers,  therefore  they  will 
not  be  referred  to  except  to  state  that  their  destructiveness 
can  be  prevented  for  many  decades  by  creosoting. 

Actual  examples  of  untreated  piling  have  been  found 
being  destroyed  by  teredo  in  ten  months,  and  by 
limnoria  in  less  than  one  year.  In  the  same  water 
creosoted  piling  was  still  sound  after  thirty  to  forty  years. 
This  is  illustrated  in  the  case  of  the  Santa  Monica  long 
wharf  which  was  built  in  1891.  Changes  in  freighters 
made  the  wharf  obsolete,  so  between  1916  and  1921  it  was 
dismantled.  The  creosoted  piles  and  timbers,  after  more 
than  twenty-five  years  service  in  water  abounding  with 
marine  borers,  were  salvaged  and  re-driven  and  are  still 
in  .service  and  still  sound. 

In  the  prairie  provmces,  the  greatest  enemy,  after 
timber  has  been  built  into  a  structure,  is  decay  which  is 
caused  by  a  low  form  of  plant  life  known  as  fungi.  The 
spores  or  reproduction  bodies  of  the  fungi  are  blown  about 
by  the  wind  and  find  lodgment  on  the  surface  or  in  cracks 
in  the  timber.  They  are  very  tenacious  of  life,  can  remain 
dormant  for  long  periods  of  time  and  then  germinate  and 
grow.  When  fungi  starts  to  grow  they  send  out  mycelia 
(minute  roots)  which  penetrate  into  the  sound  wood.  By 
the  secretion  of  enzymes  or  ferments  by  these  mycelia,  the 
wood  fibre  is  dissolved  and  its  substance  serves  as  food  for 
the  fungus.  All  fungi  do  not  possess  the  same  capacity  to 
cause  decaj^,  it  is  only  those  forms  which  vigorously  attack 
cellulose  and  lignin  that  affect  the  durability  of  timber  to 
any  serious  degree.  But  give  them  a  favourable  temperature, 
and  proper  moisture  and  air  supply  and  decay  will  proceed 
rapidly. 

Preservative  processes  by  injecting  into  and  impregnat- 
ing the  wood  with  poisonous  chemicals  cause  these  enemies 
to  commit  suicide  as  soon  as  they  attempt  to  gain  nutrition. 
Thus  decay  and  destruction  is  prevented. 

Hundreds  of  chemicals  and  compounds  have  l)e('n 
advocated  and  tested  for  the  preservation  of  wood  from 
decay  but  only  a  few  of  them  possess  the  necessary  qualifi- 
cations.   A  preservative  must  have  the  following  cjualities: 


1.  Toxic  qualities  that  will  positively  kill  all  oi-ganisms 
that  are  destructive  to  wood.  A  chemical  can  be 
extremely  poisonous  to  some  and  not  affect  others. 

2.  The  chemical  must  have  ability  to  penetrate  the 
wood. 

3.  It  must  not  affect  the  strength  of  the  wood. 

4.  It  must  not  corrode  metal  because  the  failure  of  the 
fastenings  such  as  bolts,  spikes,  etc.,  used  would 
destroy  the  structure  even  though  the  timbers 
remained  sound.  This  qualification  eliminates 
many  chemicals  that  otherwise  are  efficient  pre- 
servatives. 

5.  It  must  possess  durability — that  is,  it  must  not 
evaporate,  wash  or  leach  out,  or  otherwise  be  lo.st 
for  a  long  period  of  time. 

6.  The  chemical  must  be  reasonable  in  cost,  safe  to 
handle  and  readily  available  in  large  quantities. 

To  date,  there  are  only  two  chemicals  that  have 
proved  themselves,  in  accordance  with  these  qualifications, 
by  the  test  of  time  and  exposure  and  these  are  creosote  oil 
and  zinc  chloride. 

Creosote  oil  is  the  best  preservative  discovered  to  date. 
It  is  reasonable  in  price,  has  a  high  toxic  value  and  will 
positively  kill  all  plant  and  insect  enemies  of  wood,  can  be 
uniformly  and  effectively  injected  into  any  species  of  wood 
and  exceeds  all  other  chemicals  in  durability  whether 
exposed  to  tropic  or  arctic  temperatures,  alkali  or  acid 
soils,  fresh,  stagnant,  or  salt  water,  wind  and  weather. 
It  has  no  deleterious  action  on  iron,  steel  or  any  other 
metal,  in  fact  it  will  protect  metals  from  corrosion. 

Zinc  chloride,  while  not  suited  to  as  many  varied  con- 
ditions of  exposure  as  creosote  oil,  is  an  efficient  and  valu- 
able preservative.  Wood  impregnated  with  it  cannot  be 
used  in  running  water  because  the  salt  is  water  soluble  and 
will  leach  out.  Perhaps  its  most  valuable  asset  is  that  it 
makes  wood  highly  resistant  to  fire — the  wood  will  char 
but  will  not  readily  ignite  and  burn.  Wood  treated  with 
this  preservative  is  odourless  and  can  be  painted  the  same 
as  untreated  wood  which  makes  it  suitable  for  use  in 
buildings. 

A  modern  wood  preserving  plant  with  a  medium 
capacity  will  cost,  for  land,  buildings  and  equipment,  from 
$500,000  upwards  and  then  half  as  much  more  for  stocks 
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of  preservatives,  lumber,  etc.  When  operating  to  capacity 
it  will  employ  about  two  hundred  men,  so  such  a  plant  is 
an  asset  to  any  community. 

The  plant  will  consist  of  a  retort  house  containmg  two 
or  more  cylinders  (from  about  130  to  160  feet  in  length  and 
7  feet  in  diameter)  made  of  heavy  steel  plates,  equipped 
with  heating  coils,  and  complete  with  Rueping,  measuring 
and  storage  tanks,  vacuum  and  pressure  pumps,  condensing 
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Fig.  1. 

and  vapour  drums,  recording  gauges,  etc.  Then  there  must 
be  butt-treating  plant  complete  with  dipping  and  storage 
tanks,  pumps,  derrick,  scaffolds,  skids,  inciser,  live  rolls, 
heaters,  etc.;  boiler  plant;  framing  plant  (planer,  inciser, 
borer,  saws,  etc.);  boring,  adzing  and  incising  plant, 
gasoline  dinkeys;  locomotive  crane;  cylinder  buggies;  and 
several  miles  of  both  standard  and  narrow  gauge  tracks. 

The  actual  preservative  process  is  more  or  less  the 
same  for  any  chemical  used.  The  timber  is  loaded  on  the 
cylinder  cars,  narrow  wooden  strips  being  placed  between 
the  rows  thus  leaving  a  space  between  each  piece  of  timber 
so  that  the  preservative  can  reach  every  surface.  The  cars 
are  then  run  into  the  cylinder  and  the  end  is  sealed.  Then 
the  moisture  and  sap  are  extracted  either  by  boiling 
in  the  creosote  oil  under  a  vacuum,  or,  with  some  woods, 
by  means  of  moist  steam.  If  the  Eueping  empty-cell 
process  (the  one  almost  always  used  except  where  the 
timber  will  be  in  salt  water)  is  to  be  used  the  cylinder  is 
then  emptied  of  oil  and  air  pumped  in  and  compressed. 
Without  releasing  the  air  pressure,  the  preservative  at  a 
temperature  of  from  180  to  220  degrees  F.,  depending  on 
the  species  of  wood,  is  pumped  in  and  the  pressure  increased 
and  maintained  until  sufficient  preservative  has  been 
forced  into  the  wood.  More  preservative  than  is  to  be  left 
in  the  wood  is  always  put  in.  The  cylinder  is  then  emptied 
of  oil  and  a  vacuum  pulled  to  remove  the  excess  oil.  An 
expansion  bath  (the  timber  is  boiled  in  creosote  oil  at 
atmospheric  pressure)  is  usually  given  before  the  vacuum 
to  dry  the  surface  of  the  wood. 

The  difference  between  the  "full-cell"  and  "empty- 
cell"  processes  is  that  in  the  former  the  cell-walls  and  the 
cells  themselves  are  left  full  of  oil  while  in  the  latter  all 
free  oil  is  removed  from  the  cells  and  only  the  cell-walls 
left  saturated  with  creosote. 

In  using  zinc  chloride  this  salt  is  first  dissolved  in 
water,  then  the  solution  is  injected  into  the  wood  in  a 
similar  manner  by  pressure  and  heat  and  the  water  then 
evaporates  and  leaves  the  cells  filled  with  the  dry  salt. 

In  general,  when  wood  is  preservatively  treated  the 
chemical  does  not  impregnate  the  timber  through  and 
through,  hut  the  unimpregnated  core  is  amply  protected. 
Maximum  benefit  and  economy  are  obtained  when  the 
limbers  are  framed  l)efore  being  treated  and  in  the  vast 


majority  of  cases  this  is  entirely  practicable.  Where 
cutting  and  boring  on  the  job  must  be  done  care  must  be 
taken  to  protect  any  exposed  raw  wood — it  is  feasible  to 
do  this. 

The  treating  process  will  also  sterilize  the  wood  and 
destroy  the  organisms  of  incipient  decay  that  may  have 
obtained  a  foothold  even  during  logging  operations. 

The  loss  of  creosote  from  wood  follows  a  well  established 
law  which  applies  to  loss  by  both  evaporation  and  leaching. 
By  means  of  this  law  it  is  possible  to  predict  with  con- 
siderable accuracy  the  probable  life  of  such  material  in  any 
installation.  Tests,  consisting  of  the  extraction  of  creosote 
oil  remaining  in  the  timbers  of  different  types  of  structures 
after  they  had  been  in  service  for  from  forty  to  fifty  years, 
show  that  there  has  been  little  or  no  loss  of  the  preservative 
up  to  that  time.  As  the  most  volatile  fractions  would  be 
lost  first  and  as  these  comprise  less  than  25  per  cent  of 
creosote  oil  it  will  be  seen  that  the  rate  of  loss  per  annum 
will  decrease  as  time  goes  on. 

The  Lake  Pontchartrain  trestle,  near  New  Orleans, 
built  during  1882-83,  was  the  first  treated  timber  bridge 
on  this  continent.  It  is  about  six  miles  in  length,  the 
timbers  and  piles  being  treated  with  creosote  oil. 


Tof^l 

Mifeage 

esB^oo       \ 

■"-^ 

\^ 

\ 

\ 

"\ 

^\ 

^ 

^-.^ 

I 

~~~~~~~~ 

^ 

r 

^ 

^ 

->^ 

\> 

^^ 

i 

Fig.  2. 


/ 

\ 

/ 

\ 

Tie 
Prrt 

/in. 
ten 

r/7/Ss 

v)ce 
e    a 

of 

(4y 

-     K 

Tie 

9   in 

Tr. 

e/f 

1 



N 

\ 

\ 

> 

-\ — ' 
\ 

\ 

\ 

^' 

\ 

-^ 

\ 

\ 

•« 

^     ^ 

\ 
\ 

-— 

\ 

If 

' 

\ 

^ 

<; 

1     « 

\ 

,' 

' 

-~. 

.-- 

^ 

\ 

, 

" 

— ^ 

t — 

t 

°. 

J 

Fig.  3. 

This  bridge  is  still  in  service  and  the  United  States 
Commerce  Commission  places  its  useful  life  at  seventy 
years  or  more.  Some  five  years  ago  tests  were  carried  out 
at  Tulane  University,  New  Orleans,  which  showed  that  the 
original  strength  of  the  timbers  had  not  been  reduced  more 
than  ^Yi  per  cent  which  is  negligible  considering  the  facto i- 
of  safety  used  in  timber  design. 
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The  ability  of  the  two  present-day  recognized  pre- 
servatives, creosote  oil  and  zinc  chloride,  to  resist  decay 
and  retain  the  original  strength  of  the  wood  is  of  the 
greatest  economic  importance — that  a])ility  has  changed 
imtreated  timber  structures,  rightly  classed  as  "temporary 
construction,"  into  "permanent  construction." 

There  is  a  further  economic  advantage  that  may  be 
secured  by  using  timlx'r  that  is  treated  with  creosote  oil 


^ 


Fig.  4 — -Wooden  Bridge  Built  of  Untreated  Timber. 

and  is  thus  made  waterproof.  It  concerns  the  working 
stresses  used  in  designing  any  structure. 

When  a  timber  structure  is  designed  the  working 
stresses  used  are  only  a  fractional  part  of  the  actual  strength 
of  the  new  timber.  In  the  determination  of  working 
stresses  both  the  strength  at  the  elastic  limit  and  th(> 
breaking  strength  have  been  considered  but  as  the  former  is 
more  variable  and  less  definite  than  the  latter,  the  ultimate 
or  breaking  strength  is  taken  as  the  more  dependable 
basis  for  the  determination  of  safe  working  stresses. 

Modern  timber  technology  considers  it  good  practice 
to  take  the  fibre  stress  at  the  elastic  limit  at  not  more  than 
56  per  cent  of  the  modulus  of  rupture  and  the  working 
stress  at  60  per  cent  of  the  fibre  stress  at  the  elastic  limit. 
Or  in  other  words  the  working  stress  is  39_per  cent  of  the 
modulus  of  rupture. 

The  following  figures  are  for  coast  type  Douglas  fir — 
those  for  other  species  of  wood  will  be  different  but  the 
ratios  will  remain  approximately  the  same. 

The  modulus  of  rupture  for  coast  type  Douglas  fir  in 
"green  condition" .  is  8,100  pounds  per  square  inch  but  if 
in  "air-dry  condition"  it  is  14,800  pounds,  or  83  per  cent 
stronger. 

First,  consider  a  structure  of  untreated  timber.  The 
recommended  working  stresses  are  based  on  "green  con- 
dition" and  these  will  also  be  reduced  to  provide  for  con- 
siderable loss  of  strength  due  to  decay.  The  initial  strength 
of  the  wood  will  be  much  greater  than  that  used  in  arriving 
at  the  working  stresses  and  this  is  necessary  because 
immediately  after  being  built  into  the  structure,  or  even 
before  it,  if  the  timber  is  kept  in  storage  for  some  time, 
exposure  and  decay  will  start  to  weaken  the  wood.  It 
would  be  entirely  feasible  to  use  seasoned  timber  but 
nothing  would  be  gained  because  the  timber  would  soon 
absorb  moisture  from  the  air,  rain  and  melting  snow  and 
return  to  the  "green,  or  unseasoned,  condition."  As  a 
matter  of  fact  the  use  of  seasoned  timber  would  be  a  mistake 
and  detrimental  because  if,  after  being  seasoned,  wood  re- 
absorbs moisture  to  above  the  "fibre  saturation  point"  its 
strength  will  be  less  than  the  original  green  sti'ength.  As 
untreated  timber  in  outside  locations  will  nearly  always 
have  a  moisture   content,   for  part   of  the  year  at  least. 


above  the  "fibre  saturation  point"  it  would  be  unsafe  to 
use  working  stresses  higher  than  those  for  green  timber. 

However,  this  is  not  the  case  with  creosoted  timber 
because  the  cn^osote  oil  waterproofs  the  timber  and  for 
structures  not  continuously,  or  nearly  so,  immersed  in 
water  will  keep  the  moisture  content  at,  or  below,  the 
"fibre  saturation  point,"  This  has  been  proved  by  tests 
made  by  the  Canadian  Forest  Products  Laboratories.  In 
making  comparative  strength  tests  on  creosoted  versus 
untreated  ties  they  first  submerged  the  treated  ties  in 
water  for  seven  months  and  only  raised  the  moisture 
content  less  than  one  per  cent.  It  would  be  impossible  for 
creosoted  timber  in  service,  and  as  specified  not  constantly 
submerged,  to  absorb  even  this  small  amount  of  water — 
so  higher  working  stresses  can  safely  be  used,  based  on 
"air  dry  condition."  The  use  of  these  higher  working 
stresses  simply  means  that  a  creosoted  timber  structure 
can  be  built  with  timber  of  smaller  dimensions  and  this 
saving  in  cost  will  assist  in  paying  for  the  creosoting.  Also 
the  creosoted  structure  will  last  from  3  to  5  times  as  long 
(see  Fig.  1.) 

Figure  1  is  for  timber  having  a  safe  working  stress  of 
1 ,400  pounds  per  square  inch  and  the  condition  of  exposure 
is  for  a  bridge  in  western  Canada.  The  modulus  of  rupture 
cannot  safely  fall  below  3,600  pounds  and  the  untreated 
timber  is  reduced  to  that  in  just  under  ten  years  while  the 
creosoted  timber  takes  forty-seven  years. 

Figure  2  shows  the  average  annual  tie  renewals  per 
mile  of  track  for  the  railways  in  Canada  and  the  United 
States — it  is  complied  from  the  average  figures  for  258,000 
miles  of  track.  The  saving  per  year  for  each  tie  that  does 
not  have  to  be  renewed  varies  widely  in  different  localities 


A".  8"  or    3".  lo" 
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Fig.  5 — Timber  Substructure  and  Stringer  System  Supporting 
Concrete  Deck. 


Shear  Developer. 


but  will  average  $1.37  per  tie  in  place.  There  are  veiy 
nearly  3,000  ties  in  a  mile  of  track  so  the  saving  per  mile 
will  be  $4,100  or  more. 

Wooden  bridges  in  some  form  or  other  have  been  used 
for  thousands  of  years.  These  bridges,  being  built  of 
untreated  timber  and  thus  being  more  or  less  "temporary" 
in  character,  were  strictly  utilitarian  in  design  and  con- 
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struction.  Usually  there  was  no  effort  made  to  erect  an 
architecturally  pleasing  structure.  They  were  low  in  cost, 
easy  to  erect,  carried  the  traffic  safely  and  thus  sufficed  for 
the  need  at  that  time. 

But  now  that  preservative  treatment  has  raised 
timber  construction  into  the  "permanent"  classification 
more  attention  is  being  given  to  the  appearance  of  the 
finished  structure. 


Fig.  7- 


-Composite  Type  Bridge  of  Oregon  State  Highway 
Department. 


In  a  highway  system  anywhere  from  60  to  90  per  cent 
of  the  bridges  will  have  a  span  of  less  than  40  feet  so  the 
development  of  an  artistic  type  of  reasonable  cost  is  of 
interest  to  all  highwaj^  departments. 

Up  until  little  over  a  year  ago  a  choice  had  to  be  made 
between : 

1.    Creosoted  pile  or  fi-amcd  bent  trestle  with  crcosoted 
timber  superstructure. 


2.  Creosoted  pile  trestle  with  steel  I-beam  stringers 
and  concrete  deck. 

3.  Reinforced  concrete  structure. 

There  is  very  little  difference  in  cost  between  Nos.  2 
and  3,  each  being  about  two  to  two  and  a  half  times  higher 
in  cost  than  No.  1. 

The  new  composite  slab  or  beam  types,  wherein  creo- 
soted timber  and  concrete  are  made  to  work  in  conjunction, 
provide  an  intermediate  type  of  reasonable  first  cost, 
beauty  of  appearance  and  long  life. 

Essentially,  the  type  consists  of  a  creosoted  timber 
substructure  and  stringer  system  with  integrally  supported 
concrete  deck.  For  spans  up  to  30  feet  a  continuous 
timber  deck  is  used,  this  being  built  up  of  vertical  lamina- 
tions of  2-inch  plank  spiked  or  bolted  together.  The 
upper  edges  of  alternate  laminations  are  raised  2  inches 
thus  forming  longitudinal  grooves.  Into  these  longitudinal 
grooves  are  driven  thin  triangular  steel  plates  calletl  shear 
developers,  which  mortise  into  the  corners  of  the  raised 
himinations  as  well  as  into  the  top  of  the  intermediate 
depressed  ones.  Three-sided  support  from  the  wood  is 
thus  secured  for  these  keys,  the  top  of  which  project  into 
the  concrete  deck. 

For  spans  from  about  24  to  40  feet  an  individual 
stringer  system  is  used.  It  will  be  noted  that  the  two 
types  are  interchangeable  for  spans  of  between  25  and  30 
feet,  the  decision  depending  on  which  costs  the  least.  In 
this  type  the  shear  developers  are  usually  of  pipe,  thus 
combining  strength  and  bearing  area  with  lightness,  and 
the  tops  of  the  stringers  are  usually  dapped. 

The  laminated  type  does  not  require  any  forms  for 
the  concrete  deck  as  the  wood  portion  alone  develops 
adequate  strength  to  support  loads  which  may  be  placed  on 
the  deck  during  construction.  A  concrete  paver  could  be 
run  over  this  deck  and  thus  do  away  with  transportation 
of  the  concrete  in  buggies. 

Figure  7  shows  one  of  fifty  composite  type  bridges 
built  or  under  construction  by  the  Oregon  State  Highway 
Department. 

The  sub-structure  possesses  all  the  economic  advan- 
tages of  creosoted  timber  but  the  appearance  when  compared 
with  standard  designs  of  the  past  is  so  vastly  improved  as 
to  be  almost  unrecognizable.  This  class  of  architectural 
design  does  not  add  much  to  the  cost  and  the  slight  increase 
is  justified  in  many  structures  where  the  aesthetics  of  the 
site  must  be  considered  and  conserved. 


Design  of  Continuous  Reinforced  Concrete  Arclies  by  the 

Fixed  Point  Method 

For  the  Cathedral,  at  Valleyfield,  Que. 

E.  Nenniger,  A.M.E.I.C., 
Associate,  Arthur  Surveyer  and  Co.,  Consulting  Engineers,  Montreal. 

Part  II* 


Live  Load  Moments. 

As  far  as  the  bending  moments  due  to  the  live  loads  arc 
concerned,  it  is  advisable  to  determine  the  moments 
separately  for  each  member,  so  that  any  combination  of 
loading  can  be  analyzed  at  the  end,  by  adding  the  different 
results  together  to  obtain  the  most  unfavourable  stresses 
at  any  point  of  the  frame.  The  moments  due  to  the  live 
loads  on  beam  2,  brackets  4  and  brackets  5  present  no 
difficulty,  as  they  are  simply  proportional  to  the  dead  load 
moments  in  each  particular  case  as  computed  above. 

*rart,  I  appcarecJ  in  the  August,,   19;i.'')  issue  of  'I'iic   l'"iifiiiic('iiiif!; 
.Jouniul. 


In  the  case  of  the  live  load  (wind  load)  applied  on  the 
arch,  it  is  necessary  to  subdivide  the  calculations  into  two 
stages  in  order  to  account  for  the  side  sway  of  the  frame. 
It  is  assumed  that  a  temporary  force  is  applied  at  point  B 
of  the  frame  to  prevent  side  sway,  and  all  moments  due 
to  wind  are  determined  in  the  usual  manner.  The  magni- 
tude of  this  temporary  force  is  then  obtained  with  the  help 
of  the  bending  moments.  This  force  is  then  reversed,  and 
applied  at  point  B.  The  l)ending  moment  in  the  frame  due 
to  this  force  is  added  to  the  result  of  the  computation  under 
stage  one.  The  following  gives  an  example  of  the  procedure 
as  applied  to  the  frame  of  the  X'alleyfiekl  cathedral. 
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Moments  due  to  wind  load  on  A^xh  3.     (Figure  20.) 

The  wind  load  acting  against  the  frame  was  taken  as 
30  pounds  per  square  foot  of  wall  area,  and  15  pounds  per 
square  foot  applied  on  the  roof  area  measured  perpendicular 
to  the  slope  of  the  roof.  The  resulting  wind  loads  acting 
against  the  frame  at  each  point  of  the  arch  are  shown  in 
Fig.  15,  together  with  the  reactions  at  both  supports  of  the 
principal  system  or  the  frame  made  statically  determinate 
by  assuming  one  of  the  supports  resting  on  a  roller  bearing 
(in  this  case  support  B'). 

Table  X  gives  in  detail  the  calculations  for  the  M° 
values  for  each  point  of  the  frame.  In  this  case,  the  values 
M°  represent  the  bending  moments  due  to  the  wind  loads 
applied  on  the  principal  system.  The  values  used  in  this 
table  are: 

Hb    =  28,490  pounds  =  horizontal  reaction  at  joint  B 
Vb    =  19,460  pounds  =  vertical  reaction  at  joint  B 
Vb'  =  26,650  pounds  =  vertical  reaction  at  joint  B' 
W^,  M^2,  Wx,  windloads  at  point  1,  2  and  3  respectively. 

Table  XI  shows  the  values  necessary  to  obtain  the 
horizontal  thrust  in  the  arch  and  the  end  moments  at  the 
joirts  B  and  B'  due  to  the  wind  loads. 

1,159,628  000 


than  in  the  former  cases,  as  the  external  loading  is  not  sym- 
metrical. 

7„           *^            -  4,800,000  ^  „__  .^^  ,     ,  , 

/c«  =  —  -  = '  —  =  —  1,057,500  foot-pounds 


kP 


+  5,690,000 
-  4.535 


+  1,255,000  foot-pounds 


The  graphical  method  to  obtain  the  end  moments  is 
as  follows:  Plot  value  A;"  from  joint  B  upwards  in  the  scale 
as  adopted  for  the  moments.  Draw  a  line  through  joint  B' 
until  it  intersects  a  perpendicular  drawn  through  the  right 
hand  fixed  point  of  the  arch,  thus  cutting  off  the  value  (§<>. 
Proceed  in  a  similar  manner  with  the  value  A;*",  which, 
however,  has  to  be  plotted  from  joint  B'  downwards,  as  it 
is  a  positive  value.  By  drawing  a  line  from  k'>  through 
joint  B,  the  distance  S"-  is  obtained  at  the  left  hand  fixed 
point  of  the  arch.    Analytically  S"  and  S**  are. 


56.10  ^ 


Sb 


52 

56.10 
52 


1,255,000  =  -  1,355,000  foot-pounds 


X  -  1,057,500  =  +  1,142,000  foot-pounds 


H  = 


114,312 


=  10,150  pounds 


^a  =  i^  X  810,985,380  -  l^^-  x  2  X  976.26  =  +  5,690  000 


3b    = 


265,600,700 


10,150 


X  2X976.26=  -4,800,000 


Both  end  moments  are  now  easily  obtained  by  drawing  a 
line  from  S"  to  S>>. 

This  line  cuts  off  the  magnitude  of  both  moments 
Ms^  and  Ms^'  above  joint  B  and  below  joint  B'.  Analytic- 
ally these  moments  amount  to : 

Mz^  =  -  ^'on^i!?^  X  33.10  =  -  503,000  foot-pounds 


b2  2 

With  the  above  values,  both  items  A""  and  kf>  can  now 
be  determined  and   they  are  obviously  no  more  identical 


M.B'  = 


89.20 

1.142000 
75.00 


X       18.90  =  +  288,000  foot-pounds 


Table  X 

M" 

oint 

.    Hb  Xy 

Wl2   to  1^20 

Wii  to  W„ 

Vb  X  X 

in  ft. -lbs, 

1 

14245 

= 

14255 

2 

56980 

— 

56980 

.3 

113960 

= 

113960 

4 

170940 

= 

170940 

5 

240000 

= 

240000 

6 

320000 

= 

320000 

7 

401000 

= 

401000 

8 

482000 

= 

482000 

9 

562000 

= 

562000 

10 

643000 

= 

643000 

11 

719000 

= 

719000 

12 

796000  - 

(     0    6440  X 

2.69)  = 

-  17320 

= 

778680 

13 

878000  - 

(  17320  +  7880  X 

2.87)  = 

-  39920 

= 

838080 

14 

959000  - 

(  33920  +  9320  X 

2.88)  = 

-  66770 

= 

892230 

15 

1040000  - 

(  66770  +  10760  X 

2.87)  = 

-  97650 

= 

942350 

16 

1121000  - 

(  97650  +  12200  X 

2.82)  = 

-  132050 

-    447 

= 

988503 

17 

1200000  - 

(132050  +  13600  X 

2.76)  = 

-  169600 

-   4075 

= 

1026325 

18 

1277000  - 

(169600  +  15000  X 

2.75)  = 

-  210850 

-  11300 

= 

1054850 

19 

1355000  - 

(210850  +  16400  X 

2.70)  = 

-  255150 

-  22150 

= 

1077700 

20 

1456000  - 

(255150  +  17800  X 

3.60)  = 

-  319200 

-  42300 

= 

1094500 

21 

1580000 

-  20220  X  20,24  = 

-  409500 

-  77000 

= 

1093500 

22 

1700000 

-  20220  X  24.40  = 

-  493500  - 

-  (     0  +  1785  X  4.68  )  = 

-   8360 

-  121500 

= 

1076640 

23 

1812000 

-  20220  X  28.27  = 

-  571500  - 

-  (  8360  +  2995  X  4.68  )  = 

-  22360 

-  175000 

= 

1043140 

24 

1910000 

-  20220  X  31.80  = 

-  643000  - 

-  (  22360  +  4205  X  4.73  )  = 

-  42260 

-  236500 

= 

988240 

25 

2000000 

-  20220  X  34.94  = 

-  707000  - 

-  (  42260  +  5415  X  4.72  )  = 

-  67780 

-  306000 

= 

919220 

26 

2075000 

-  20220  X  37.64  = 

-  761500  - 

-  (  67780  +  6625  X  4.65  )  = 

-  98580 

-  382000 

= 

832920 

27 

2141000 

-  20220  X  39.88  = 

-  806000  - 

-  (  98580  +  7775  X  4.40  )  = 

-  132780 

-  463500 

= 

738720 

27' 

2141000 

-  806000  - 

-  (132780  +  8925  X  2.875)  = 

-  1584.30 

-  548000 

= 

628570 

26' 

2075000 

-  761500  - 

-  (132780  +  8925  X  3.918)  = 

-  167730 

-  629500 

= 

516270 

25' 

2000000 

+  Vb'  X  [I 

-x] 

-  707000  - 

-  (132780  +  8925  X  4.36  )  = 

-  171680 

-  702320 

= 

419000 

25' 

=  26650  X  15.73   = 

= 

419000 

24' 

=  26650  X  12.168  = 

= 

324000 

23' 

=  26650  X 

8.993  = 

= 

239500 

22' 

=  26650  X 

6.245  = 

= 

166500 

21' 

=  26650  X 

3.965  = 

= 

105600 

20' 

=  26650  X 

2.1809  = 

= 

58000 

19' 

=  26650  X 

1.1365  = 

= 

30250 

18' 

=  26650  X 

0.5811  = 

= 

15500 

17' 

=  26650  X 

0.2095  = 

= 

5580 

16' 

=  26650  X 

0.0233  = 

= 

620 

15' 

to  B' 

=  26650  X 

0.000  = 

= 

0 
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Fig.  20  (above). 


Fig.  21  (below). 
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Point 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 


Table  XT 

Left  Side  of  Arch 

Af" 

M"  yw 

M"  \l-x\w 

M'>xw 

14245 

0 

0 

0 

56980 

34200 

888000 

0 

113960 

159000 

2069000 

0 

170940 

420000 

3815000 

0 

240000 

1272000 

7860000 

0 

320000 

2268000 

10475000 

0 

401000 

3560000 

13140000 

0 

482000 

5135000 

15770000 

0 

562000 

7000000 

18400000 

0 

643000 

9140000 

21050000 

0 

719000 

0 

0 

0 

778680 

13900000 

25900000 

0 

838080 

16500000 

27900000 

0 

892230 

19180000 

29700000 

0 

942350 

22000000 

31320000 

0 

988500 

22800000 

30050000 

12850 

1026325 

23700000 

29120000 

118000 

1054850 

20000000 

22920000 

259000 

1077700 

15550000 

16640000 

372000 

1094500 

37400000 

36400000 

1594000 

1093500 

75800000 

65600000 

5420000 

1076640 

101650000 

78000000 

10640000 

1043140 

105200000 

71000000 

14850000 

988240 

105000000 

62300000 

19040000 

919220 

102000000 

52700000 

22900000 

832920 

96200000 

42650000 

25900000 

738720 

88000000 

32900000 

27820000 

893868200 

748567000 

128925850 

265759800 

62418380 

136574850 

1159628000 

810985380 

265500700 

Right  Side  of  Arch 


M« 


Wyw 


M"  [I  -  x\ 


M°xw 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0  . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

620 

14300 

8 

18850 

5580 

129000 

642 

158500 

15500 

294500 

3800 

338500 

30259 

437000 

10430 

467000 

58000 

1985000 

84500 

1932000 

105600 

7330000 

523000 

6340000 

166500 

15740000 

1646000 

12060000 

239500 

24180000 

3410000 

16300000 

324000 

34450000 

6240000 

20420000 

419000 

46550000 

10440000 

24020000 

516270 

59650000 

16360000 

26500000 

628570 

75000000 

23700000 

28020000 

265759800 

62418380 

136574850 

These  moments  have  to  be  distributed  around  the 
frame  in  the  ordinary  way  to  obtain  the  final  values  at  both 
joints  B  and  B'. 


Table  XII 

Distribution  of  end  moments  M3B  and  M3B'. 

MiB         MiB         MiB         MiB'      MiB' 


M,B 


M,B' 


M,B' 


503000  X     0.884 

503000  X     0.116 

58400  X   19.90 


-444600  -503000 

+58400 


-36200 


32,10 
36200  X     0.962 
36200  X     0.038 
1375  X   56.10 


-34825 


108.10 

714  X  0.884 

714  X  0.116 

288000  X  1.00 

288000  X  0.884 

288000  X  0.116 

33400  X  19.90 


+       631 


83 


1375 


-1-288000 


+254600 


-33400 


32.10 
20700  X     0.962 
20700  X     0.038 
787  X   56.10 


+20700 


+   19913 


-       787 


108.10 
408  X     0.884 
408  X     0.116 


408 


-       361 


47 


-69553   +288967 


-424056    +79017    -503073    +219414 
79017  69563 

503073  288907 

The  final  horizontal  thrust  in  the  arch  is 

H  =  10,150+ ^0.01708(-503,073  +  288,967)  =  8,320  pounds. 

The  bending  moments  for  every  point  of  the  arch  due  to 
the  wind  loads  acting  from  the  right  to  the  left  on  the 
frame  are  shown  in  Table  XIII. 


Correction  of  moments  for  side  sway.  Stage  II.  (See  Fig.  21.) 
The  temporary  holding  force  supporting  joint  B  to 
prevent  side  sway  has  to  be  tletermined  first.  For  this 
purpose,  it  is  assumed  that  the  horizontal  reactions  acting 
from  right  to  left  are  negative  and  the  horizontal  reactions 
acting  from  left  to  right  positive.  The  reactions  for  every 
member  of  the  frame  due  to  the  wind  load  moments  are 
indicated  in  Fig.  20.     The  holding  force  is  therefore. 

Influence  of  arch  3  at  B -28,490  (W)         -f  8,320  (H) 

Influence  of  arch  3  at  B' 0  -8,320  (H) 

Influence  of  beam  2 0  0 

Influence  of  column  1  =  —  Q4 —31,850  0 

Influence  of  column  1'=  -  O5 -16,240  0 

Total  holding  force  at  B' —76,080  pounds  0  pounds 

Before  proceeding  any  further,  a  preliminary  verifica- 
tion of  the  moments  and  reactions  should  be  made  to  see  if 
the  result  of  the  calculations  for  the  wind  load  moments  for 
Stage  I  is  correct.  For  this  purpose,  the  three  basic  formu- 
lae are  applied,  namely: 

1  =  S  //  =  0  or  the  sum  of  all  horizontal  forces  is  equal  to 

zero 

2  =  S  F  =  0  or  the  sum  of  all  vertical  forces  is  equal  to  zero 

3  =  2  il/  =  0  or  the  sum  of  all  moments  around  any  pole  is 

equal  to  zero. 

The  application  of  these  formulae  gives  the  following 
result : 

(a)  Horizontal  forces. 

Wind  load  =  +  28,490  pounds 
Support  A  =  -{-  31,350  pounds 
Support  A'  =  +  16,240  pounds 
Support  B'  =  —  76,080  pounds 
2  //        =  0000  pounds 

(b)  Vertical  forces. 

Wind  load  —     7,190  pounds 

Support  A  —    7,085  pounds 

Support  A'  -t-  H275  jjouuds 

XV  =  ""OOOO  pounds. 
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Table  XIII 
Wind  Load  Moments  Stage  I 

The  moments  at  any  point  of  the  arch  are: 

52  -  X 


M-. 


M"  -  503073  X 


^.^       +  288967  X  ^  -  8320  y 
oZ  ill 


Left  Side 

a 

h 

c 

Right  Side 

)int 

+  Mo 

—  a 

+  h 

—  c 

M 

+  Mo 

—  a 

+  h 

—  c 

M 

0 

0 

-  503073 

0 

0 

-  503093 

0 

0 

+  288967 

0 

+  289209 

1 

14245 

-  503000 

0 

-   4160 

-  492915 

0 

0 

+  288900 

-   4160 

+  285040 

2 

56980 

-  503000 

0 

-  16640 

-  462660 

0 

0 

+  288700 

-  16640 

+  272360 

3 

113960 

-  503000 

0 

-  33300 

-  422340 

0 

0 

+  289000 

-  33300 

+  255700 

4 

170940 

-  503000 

0 

-  49900 

-  381960 

0 

0 

+  289000 

-  49900 

+  239100 

5 

240000 

-  503000 

0 

-  70000 

-  333000 

0 

0 

+  289000 

-  70000 

+  219000 

6 

320000 

-  503000 

0 

-  93600 

-  276600 

0 

0 

+  289000 

-  93600 

+  195400 

7 

401000 

-  503000 

0 

-  117000 

-  219000 

0 

0 

+  289000 

-  117000 

+  172000 

8 

482000 

-  503000 

0 

-  141000 

-  162000 

0 

0 

+  289000 

-  141000 

+  148000 

9 

562000 

-  503000 

0 

-  164300 

-  105300 

0 

0 

+  289000 

-  164300 

+  124700 

10 

643000 

-  503000 

0 

-  188000 

-  48000 

0 

+  289000 

-  188000 

+  101000 

11 

719000 

-  503000 

0 

-  210000 

+   6000 

0 

+  289000 

-  210000 

+  79000 

12 

778680 

-  503000 

0 

-  232200 

+  43480 

0 

+  289000 

-  232200 

+  56800 

13 

838080 

-  503000 

0 

-  256500 

+  78580 

0 

+  289000 

-  256500 

+  32500 

14 

892230 

-  503000 

0 

-  280000 

+  109230 

0 

+  289000 

-  280000 

+   9000 

15 

942350 

-  503000 

0 

-  304000 

+  135320 

0 

0 

+  289000 

-  304000 

-  15000 

16 

988500 

-  502000 

+ 

130 

-  327500 

+  159000 

620 

225 

+  289000 

-  327500 

-  38105 

17 

1026325 

-  500500 

+ 

1165 

-  351000 

+  175990 

5580 

-   2060 

+  288000 

-  351000 

-  57020 

18 

1054850 

-  497500 

+ 

3230 

-  373000 

+  187580 

15500 

-   5620 

+  286000 

-  373000 

-  77120 

19 

1077700 

-  492000 

+ 

6320 

-  396000 

+  196000 

30250 

-  10980 

+  283000 

-  396000 

-  93730 

20 

1094500 

-  482000 

+ 

12120 

-  426000 

+  198620 

58000 

-  21100 

+  277000 

-  426000 

-  112100 

21 

1093500 

-  464000 

+ 

22050 

-  462500 

+  189050 

105600 

-  38300 

+  267000 

-  462500 

-  128200 

22 

1076640 

-  442500 

+ 

34700 

-  497000 

+  171840 

166500 

-  60400 

+  254500 

-  497000 

-  137400 

23 

1043140 

-  416000 

+ 

50000 

-  530000 

+  147140 

239500 

-  86900 

+  239000 

-  530000 

-  138400 

24 

988240 

-  385000 

+ 

67700 

-  558000 

+  112940 

324000 

-  117600 

+  221200 

-  558000 

-  130400 

25 

919220 

-  350500 

+ 

87500 

-  585000 

+  71220 

419000 

-  152000 

+  201500 

-  585000 

-  116500 

26 

832920 

-  313000 

+  109000 

-  606000 

+  22920 

516270 

-  190000 

+ 190000 

-  606000 

-  89730 

27 

738720 

-  272500 

+  132500 

-  626000 

-  27280 

628570 

-  230000 

+ 156600 

-  626000 

-  70830 

(c)    Moments  around  joint  B. 

Due  to  wind  =  +  1385750  =  29450  X  47.00 

Due  to  horizontal  re- 
action at  ^  =  — 

Due  to  horizontal  re- 
action at  ^^  =  — 

Due  to  moment  at  A     =  + 

Due  to  moment  at  ^'  =  + 

Due  to  vertical  re- 
action at  A^ 

S  M  at  joint  B 


470250  =  31350  X  15.00 

243600  =  16240  X  15.00 
46400 
24050 


=  -  742350  =  14275  X  52.0 


0000 

In  order  to  obtain  the  additional  moments  due  to  the 
holding  force  amounting  to  76,080  pounds,  it  is  assumed 
that  the  joints  B'  and  B  are  displaced  in  the  direction  from 
left  to  right  by  an  assumed  amount  of,  say,  one  ore- 
thousandth  of  one  foot.  Such  a  displacement  of  the 
joints  B  and  B'  causes  an  elastic  deformation  of  both 
columns  and  therefore  bending  moments  in  both  columns 
amounting  to 


MiB 


E  XAXbi 


hX  ^lih-  ai-  bi 
432,000,000X0.001  X  2.16 


=  moment  at  joint  B  of 

column  1 


15  X  0.288  X  11.36 


=  +  19,000  foot-pounds 


Mi^'  =  moment  at  joint  B^  of  column  1' 

=  —  MiB  due  to  symmetry 

EXAXai 

moment  at  support  A  of 

column  1 


Mi^  = 


/iX/3i[/i-ai-6,] 
432,000,000X0.001  X  1.48 


15X0.288X11.36  '      "  ~  ^^'^^^  ^°°*  P°^^^' 

Mi^'  =  moment  at  support  A'  of  column  1' 

=  +  13,000  foot-pounds  due  to  synmietry. 


'^WIND   LOAD    MOMtNT.5 

JlDL    iWAY  .    flG   ^o  t    Id.tiTlMLJ 

Fig.  22. 

The  moments  Mi^  and  Mi^'  have  to  be  distributed 
arourid  the  frame  in  the  usual  manner.  In  Fig.  21  is  shown 
the  distribution  of  these  moments  by  the  graphical  method. 
The  following  table  indicates  the  analytical  method. 
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TI 

Table  XIV 

IE     E 

NGII 

siee: 

MiB 

A/jB          MiB 

A/,S' 

A/jB' 

A/jB' 

19000  X     1.0     = 

+  19000 

19000  X     0.767  = 

+  14570 

19000  X     0.233  = 

+4430 

14570  X   19.90   = 

-  9040 

32.10 

9040  X     0.962  = 

-  8697 

9040  X     0.038  = 

+  343 

343  X   56.10 

+  178 

108.10   = 

178  X     0.884  = 

+ 

158 

178X     0.116  = 

-       20 

4430  X   56.10 

+2300 

108.10   = 

2300  X     0.884  = 

+  2033 

2300  X     0.116  = 

-     267 

267  X   19.90 

+     165 

32.10    = 

165  X     0.962  = 

+ 

159 

165  X     0.038  = 

-       6 

Moments  due  to 

Col.  1 

+  19317 

+  14715   +4602 

-   6664 

-   9307 

+2643 

Moments  due  to 

Col.  r 

+ 

6664 

+  9307   -2643 

-19317 

-14715 

-4602 

+25981 

+24022   +1959 

-25981 

-24022 

-1959 

+   1959 

-   1959 
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The  difference  in  the  case  of  2  M  is  only  450  foot- 
pounds which  represents  an  error  of  only  0.025  per  cent. 
( considering  that  all  calculations  are  made  by  slide  rule, 
it  can  be  said  that  the  result  is  satisfactory. 

An  examination  of  the  diagrams  showing  the  moments 
for  Stage  I,  and  the  combination  of  Stages  I-II,  reveals  the 
tremendous  importance  of  correcting  the  bending  moments 
due  to  side  sway.  It  is  possible,  of  course,  that  the  ground 
floor  slab  which  is  anchored  into  the  front  wall  has  a  some- 
what restraining  effect  upon  the  frame,  and  reduces  the 
moments  due  to  side  sway  to  a  certain  extent.  The  arches 
located  close  to  the  expansion  joint,  are,  however  free  to 
move,  and  have  to  be  dimensioned  accordingly.  It  was 
found  advisable,  therefore,  for  the  purpose  of  dimensioning 
the  frame,  to  take  both  extreme  cases  into  consideration 
and  use  those  bending  moments  in  combination  with  the 
corresponding  thrusts  whichever  produced  the  higher 
stresses.  It  can  also  be  seen  how  valuable  the  analysis  of 
such  a  frame  according  to  the  fixed  point  method  is,  as  the 
influence  of  side  sway  can  be  computed  so  easily,  without 
much  additional  work. 


The  maximum  moments  for  any  point  of  the  frame 
now  found  by  tabulating  the  following  cases: 


are 


+25981  -25981 

Moments  at  joint  A  and  A^  =  due  to  displacement 

=  13,000  foot-pounds 


Case  I  no  side  sway. 


due  to  MB  =  ?^  X  1.48     =  ^^,  foot-pounds         ^^^^  "  ^^^h  side  sway. 


13.52  15,845 

With  these  moments  known,  it  is  possible  to  obtain 
the  force  necessary  to  cause  a  displacement  of  joints  B  and 
B'  of  1/1000  of  one  foot. 

Horizontal  thrust  of  arch  =  zero 

25,981  -f  15,845 


Thrust  of  column  1    = 
Thrust  of  column  1'  = 


15.00 


=  +  2,790  pounds 
+  2,790  pounds 


Total  displacement  force  at  B'  +  5,580  pounds 

The  above  result  has  to  be  multiplied  by  a  factor  of 
76,080  -^  5,580  =  13.64  to  obtain  the  final  moments  for 
Stage  II.  These  moments  due  to  side  sway  of  the  frame 
subjected  to  the  wind  loads  are  as  follows: — 

MiA  =  Mi^'  =  15,845  X  13.64  =  216,000  foot-pounds 
MiB  =  MiB'  =  25,981  X  13.64  =  354,200  foot-pounds 
MgB  =  M2B'  =  24,022  X  13.64  =  327,500  foot-pounds 
M3B  =  M3B'  =     1,959  X  13.64  =     26,700  foot-pounds 

Vertical  reaction  at  A  or  A' 

=     999  X  13.64  =  13,630  pounds 
Horizontal  reaction  at  ^  or  A' 

=  2,790  X  13.64  =  38,040  pounds 

The  final  moments  in  the  frame  due  to  wind  loads,  and 
taking  into  consideration  the  side  sway,  are  obtained  by 
adding  together  the  results  of  Stage  I  and  Stage  II.  These 
moments  are  shown  in  Fig.  22. 

The  final  verification  of  the  result  shows  that 
(a)    2  jy  =  +  28,490  -    6,690  -  21,800  =  0 
(6)   2  F  =  +    7,190  -  27,905  +  20,715  =  0 
(c)    2  M  around  point  B 
due  to  wind  =  -t-1,385,750  foot-pounds 

due  to  A'       =    21,800  X  15  =  +    327,000  foot-pounds 
27,905  X  52  =  -1,451,100  foot-pounds 

-  191,950  =  -     191,950  foot-pounds 
due  to  A        =      6,690  X  15  =  +-    100,350  foot-pounds 

-  169,600  =  -     169,600  foot-pounds 


Moments  due  to  dead  loads  of 
entire  frame. 

Live  loads  on  beam  2,  arch  and 
brackets  4  and  5. 

Moments  due  to  dead  loads  of 
entire  frame. 

Live  loads  on  beam  2,  arch,  and 
brackets  4  and  5. 

The  following  table  shows  the  moments  for  the  above 
two  cases.  For  this  purpose,  the  live  load  moments  for  the 
beam  and  the  brackets  were  taken  directly  in  proportion  to 
the  moments  due  to  dead  loads  on  these  members.  All 
moments  causing  tension  at  the  intrados  of  the  arch  were 
taken  as  positive  and  all  moments  causing  tension  at  the 
bottom  of  beam  2,  brackets  4  and  5  and  at  the  inside  face 
of  the  columns  also  as  positive. 

Table  XV 
Recapitulation  of  Dead  Load  and  Live  Load  Moments. 


L.L.  2 

L.L.  4 

L.L.  5 

59.2 

25K 

50 

Wind 

Wind 

Total 

per  cent 

per  cent 

per  cent 

no  side 

sway 

with  side  sway 

Point 

Dead 

of 

of 

of 

left 

right 

left 

right 

Loads 

D.L. 

D.L. 

DL. 

half 

half 

half 

half 

A/i^ 

-     5247 

+  34000 

- 

9130 

-     325 

+  46500 

-  24000 

-169600 

+  191950 

AhB 

+  4G881 

-311000 

+83000 

+  2955 

-424056 

+219414 

-  69856 

-134786 

MiB 

-584880 

-330000 

+ 

3810 

-      136 

+  79017 

-   69553 

+406517 

-397053 

M3B 

+271761 

+ 

19000 

- 

5120 

+  3091 

-503073 

+288967 

-476373 

+262267 

11* 

+   11094 

+ 

10800 

_ 

2910 

+25892 

+     6000 

+  79000 

+  32700 

+  52300 

11 

-108406 

+ 

10800 

- 

2910 

-33858 

+     6000 

+   79000 

+  32700 

+  52300 

12 

-136030 

+ 

9900 

- 

2680 

-31400 

+  43480 

+  56800 

+  70180 

+  30100 

13 

-166580 

+ 

9000 

- 

2440 

-28850 

+  78580 

+  32500 

+  105280 

+     5800 

14 

-195350 

+ 

8050 

- 

2170 

-26250 

+  109230 

+     9000 

+135930 

-   17700 

15 

-225210 

+ 

7180 

- 

1930 

-23650 

+  135320 

-   15000 

+  162020 

-  41700 

16 

-2.52930 

+ 

6240 

- 

1680 

-21100 

+  159000 

-   38105 

+  185600 

-   64705 

17 

-267490 

+ 

5350 

- 

1440 

-18600 

+  175970 

-   57020 

+202490 

-   83520 

18 

-268160 

+ 

4470 

- 

1205 

-16150 

+  187580 

-   77120 

+213680 

-103220 

19 

-256630 

+ 

3580 

- 

970 

-13650 

+  196000 

-   93730 

+221500 

-119230 

20 

-223130 

+ 

2460 

- 

665 

-10450 

+198620 

-112100 

+223020 

-136500 

21 

-163770 

+ 

980 

- 

265 

-   6350 

+  189050 

-128200 

+211650 

-150800 

22 

-   90437 

- 

372 

+ 

100 

-  2750 

+  171840 

-137400 

+  192090 

-157650 

23 

-    16130 

- 

1610 

+ 

434 

+     850 

+  147140 

-138400 

+  164590 

-155850 

24 

+  56960 

- 

2730 

+ 

739 

+  3850 

+  112940 

-130400 

+  127140 

-144600 

25 

+  118390 

- 

3800 

+ 

1025 

+  6850 

+   71220 

-116500 

+  81720 

-127000 

26 

+  160370 

- 

4630 

+ 

1250 

+  9100 

+  22920 

-  89730 

+  29470 

-   96280 

27 

+  172650 

- 

5400 

+ 

1450 

+  11240 

-  27280 

-   70830 

-  25040 

-   73070 

M  = 


450  foot-pounds 


11     =  moment  at  point  11  below  bracket  5. 
11     =  moment  at  point  11  above  bracket  5. 
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Table  XVa 
Table  showing  final  maximum  and  minimum  moments  due  to  any 
combination  of  loading  on  the  frame. 
Without  side  sway  correction         With  side  sway  correction 


Point 

max.  negative 

max.  positive 

max.  negative 

max.  positive 

MiA 

-  38702 

+  75253 

-   184302 

+220703 

MiB 

-688175 

+352250 

-  398905 

+  132836 

M2B 

-988379 

neg. 

-1315879 

neg. 

M,B 

-236432 

+582819 

-  209732 

+560637 

IV 

pes. 

+  126786 

pos. 

+  100086 

11 

-145174 

neg. 

-   145174 

neg. 

12 

-170110 

neg. 

-   170110 

neg. 

13 

-197870 

neg. 

-   197870 

neg. 

14 

-223770 

neg. 

-  241470 

neg. 

15 

-265770 

neg. 

-   292490 

neg. 

16 

-313815 

neg. 

-  340415 

neg. 

17 

-344558 

neg. 

-  371050 

neg. 

18 

-362635 

neg. 

-  388735 

neg. 

19 

-364980 

neg. 

-  390480 

neg. 

20 

-346345 

neg. 

-  370745 

+     2350 

21 

-298585 

+  26260 

-  321185 

+  48860 

22 

-230959 

+  81503 

-   251209 

+  101753 

23 

-156140 

+  132294 

-   173590 

+  149744 

24 

-  76170 

+  174489 

-     90370 

+  188689 

25 

-     1910 

+197485 

-     12210 

+207985 

26 

pos. 

+  193640 

pos. 

+200190 

27 

pos. 

+  185340 

pos. 

+  185340 

In  these  tables,  the  values  of  the  moments  for  the 
points  1  to  10  have  not  been  indicated.  These  values  can 
easily  be  determined,  however,  as  the  moment  line  is  a 
straight  line  between  these  points  for  any  type  of  loading. 

In  order  to  determine  the  reinforcing  necessary  for  the 
frame,  and  also  to  find  the  stresses  to  which  each  of  the 
members  of  the  frame  is  subjected,  it  is  necessary  that  the 
magnitude  of  the  thrust  at  any  point  be  known.  The 
shortest  way  to  obtain  these  values  when  all  moments  are 
ali'cady  known,  is  the  graphical  method  of  plotting  the 
funicular  polygon  for  all  loads  applied  on  the  frame.     This 


WITHOUT     SIDESWAY    CORRECTION 


Fig.  23. 

method  gives  at  the  same  time  the  value  of  the  shear  for 
each  section  and  also  a  verification  of  the  analysis,  as  all 
points  of  zero  moments  have  to  coincide  with  the  points 
of  intersection  of  the  frame  axis  with  the  line  of  the  polygon. 
Figure  24  shows  an  actual  illustration  of  this  graphical 
method  to  ol)tain  the  direct  stresses  and  shears  for  the 
church  frame  with  live  loads  on  beam  2,  brackets  4  and  5 


and  wind  on  arcli  3,  in  addition  to  the  dead  loads  of  the 
entire  frame. 

The  following  gives  an  example  of  determining  the 
influence  of  an  uneven  settlement  of  the  footing  to  illustrate 
the  application  of  the  fixed  point  method  in  regard  to 
arbitrarily  assumed  deformations  of  any  member  of  the 
frame. 

Influence  of  an  uneven  settlement  of  the  footings  of  the  frame. 

It  is  assumed  that  one  of  the  two  footings  settles  one 
inch.  In  order  to  obtain  the  bending  moments  in  the 
entire  frame  due  to  such  a  settlement,  it  is  necessary  again 
to  assume  that  joint  B  is  held  temporarily  in  place  to  prevent 
side  sway.  The  moments  due  to  the  displacement  are  then 
computed,  and  with  the  help  of  these  inoments  the  mag- 
nitude of  the  temporary  holding  force  is  determined.  To 
obtain  the  final  moments,  a  load  ecjual  to  the  size  and 
direction  to  this  holding  force  is  then  applied  at  the  same 
point  B,  but  in  the  opposite  direction.  The  moments  due 
to  this  load  can  readily  be  obtained  as  they  are  in  direct 
proportion  to  the  moments  which  are  already  calculated  to 
correct  the  side  sway  for  the  wind  load  moments.  (See 
Fig.  21.) 

If  the  footing  A'  sinks  below  the  level  of  footing  A  by 
one  inch,  both  beam  and  arch  have  to  follow  this  settle- 
ment, and  are  subjected  to  certain  bending  moments. 
These  moments  are  easily  obtained  with  the  fixed  point 
method,  as  all  values  appearing  in  the  formulae  for  these 
moments  are  already  known. 

(a)    Moments  Stage  I. 

Moment  at  support  of  beam  due  to  a  vertical  settle- 
ment of  one  suppoii  l)y  one  inch. 
E  XAX  02 


M.S  =  M.B' 


hX  ^2[h-  02  -  62  ] 

432,000,000  X  1/12  X  19.90 


52  X  2.14  [52  -  19.90  -  19.90] 
=  527,000  foot-pounds. 
Moments  at  the  supports  of  the  arch  due  to  a  vertical 
settlement  of  one  support  by  one  inch. 
M3B  =  M3B' 
I 


B\^' 


[I  -  63]  X  A  X  £  X  03 

/s  X  183  [  /3  -  fla  -  63] 
^  0.01708X  (52/2  +  50.10)  X  1/12X432,000,000X56.10 

52  X  [-  4.535]  X  [52.0  +  56.10  +  56.10] 
=  73,100 

These  moments  are  again  distributed  around  the  frame 
in  the  manner  as  shown  previously.  This  distribution  is 
indicated  in  detail  in  the  following  table : 

Distribution  of  end  moments  of  beam : 


MiB 

MtB           MiB 

MiB' 

MiB' 

MiB' 

.'>27000X     1.00 

-527000 

.'J2700()  X      0.902 

-507000 

527000  X     0.038 

+20000 

20000  X   Sli.lO 

+  10370 

108.10 

10370 X 

0.884 

10370  X 

0.116 

1204  X 

19.90 

+  9166 


-  1204 


+   747 


747 
747 


32.10 
X  0.962 
X  0.038 


+       719 


28 


Total  for  end 
moment  at  B 

Total  for  end 
moment  at  B' 

Total  for  beam  2 


-506281      -520253      +19972      +     9160      -      1204      +10370 
-     9166      +     1204      -10370      +506281      +526253      -19972 


-515447 


-.525049      +  9603      +515447     +525049 


9602 
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Distribution  of  end  moments  of  arch : 

MiB  MtB  M^B         MiB'        MiB'        M3B' 

73100  X     0.884  -  64620  -73100 

73100  X     0.116  +     8480 

8480  X  19.90 


5260 


32.10 

5260  X 

0.962 

5260  X 

0.038 

200  X 

56.10 

-     5060 


+     200 


+     104 


92 


108.10 
104  X     0.884 
104  X     0.116 

Total  for  end 

moment  at  B 
Total  for  end 

moment  at  B' 

Total  Arch 

Total  Arch  and  Beam    -574915      -511321      -63594      +574915      +511321      +63594 

The  moment  at  the  foot  of  both  columns  is 
r;74  oi  k 
\''     X  1.48  =  63,000  foot-pounds 
I0.52 

Horizontal  reaction  of  either  support  A 
574,915 


- 

12 

-  64528 
+  5060 

+ 
+ 

8468 
5260 

-72996 
-  200 

-  5060 
+  64528 

-  5260 

-  8468 

+  200 
+72996 

-  59468 

+ 

13728 

-73196 

+  59468 

-  13728 

+73196 

13.52 


=  42,500  pounds 


Vertical  reactions  at  both  supports  A  or  ^' 
511,321  +  63,594 


26 


=  22,100  pounds 


(6)    Stage  II  side  sway. 

The  temporary  holding  force  to  keep  the  frame  from 
swaying  sideways  at  the  points  B  and  B'  is  equal  to  the 
shear  acting  on  both  columns  1  and  1'.  This  force  is  therefore 
obtained  directly  thus: 

MiB  +  MiB' 


H  = 


H 


h  —  Oi 
574,915  X  2 
15.00  -  1.48 


=  85,000  pounds 


This  force  has  to  be  applied  at  joint  B'  in  the  direction 
from  left  to  right.  The  moments  due  to  this  force  are 
obtained  by  multiplying  the  moments  shown  in  Fig.  21  by 
the  following  coefficient. 

85,000 

"  =  ^;580  =  ^^■^^' 

as  Fig.  21  shows  all  moments  in  the  frame  due  to  a  force 
=  5,580  pounds  applied  at  joint  B'.  The  moments  due  to 
side  sway  are  therefore  as  follows: 

MiA  =  MiA'  =  15,845  X  15.23  =  241,000  foot-pounds 
MiB  =  MiB'  =  25,981  X  15.23  =  396,000  foot-pounds 
M2B  =  M^B'  =  24,022  X  15.23  =  366,200  foot-pounds 
M3B  =  M3B'  =  1,959  X  15.23  =  29,800  foot-pounds 
Reactions 

Horizontal  reaction  at  A  or  A' 

=  2,790  X  15.23  =  42,500  pounds 


Vertical  reaction  at  A  or  A' 

=     999  X  15.23  =  15,200  pounds 
The   final   moments   and   reactions   are   obtained   by 
adding  the  results  of  Stage  I  and  Stage  II,  thus 

M^A  =  M^A'  =        63,000  -  241,000         =   ±  178,000 
M^B  =  Mi-B'  =  -1-574,915  -  396,000         =   ±  178,915 
M^B  =  M2^'  =      511,321  -  366,200         =   ±  145,121 
M^B  =  M3B'  =        63,594  -    29,800        =   ±     33,794 
Reactions  at  B  horizontal  =  85,000  -  85,000  =         0 
at  A  horizontal  =  42,500  -  42,500  =        0 
at  A  vertical       =22,100-15,200  =  6,900  pounds. 

Conclusions. 

The  result  of  this  analysis  shows  how  dangerous  it  is 
for  the  designer  to  subdivide  the  structure  into  secondary 
frames  by  ass^uming  hinges  in  order  to  simplify  the  calcula- 
tions. In  the  case  of  the  frame  analyzed  in  this  article,  it 
would  have  been  easy  to  either  assume  full  restraint  or  two 
hinges  at  the  base  of  the  arch  in  order  to  obtain  a  frame 
which  is  statically  indeterminate  in  the  third  or  second 
degree.  The  lower  frame  could  then  have  been  assumed  to 
be  a  portal  frame  with  only  one  redundant.  Both  assump- 
tions would  have  given  misleading  results,  as  it  is  prac- 
tically impossible  to  execute  the  hinges  in  a  reinforced 
concrete  structure  in  such  a  manner,  so  that  they  actually 
work  as  assumed.  On  the  other  hand,  the  assumption  of 
full  restraint  would  have  given  an  entirely  wrong  result  as 
far  as  the  distribution  of  the  bending  moments  are  con- 
cerned. The  fact  cannot  be  ignored  any  more  that  those 
engineers  who  want  to  be  able  to  give  entire  satisfaction 
to  the  architect  in  charge  of  the  design  of  the  building, 
both  from  an  economical  and  aesthetic  point  of  view,  have 
to  get  rid  of  the  old  arbitrary  and  illogical  rules  and  interest 
themselves  in  modern  statics. 

In  this  article,  it  has  been  the  intention,  after  outlining 
a  general  explanation  of  the  theory  on  which  the  method 
is  based,  to  give  the  reader  as  complete  an  illustration  of  the 
application  of  the  method  as  possible.  By  doing  so,  prob- 
ably a  great  number  of  computations  will  prove  to  be  super- 
fluous to  the  experienced  designer.  On  the  other  hand,  it 
was  considered  worth  while  to  spend  a  little  more  time  on 
the  presentation  of  the  text  for  the  benefit  of  those  designers 
who  are  probably  not  very  familiar  with  semi-graphical 
short-cuts,  and  who  are  more  at  home  with  analytical 
methods.  The  length  of  this  article  and  the  great  number  of 
diagrams  used  for  illustrations  of  the  method  may  give  the 
impression  that  the  method  involves  rather  a  considerable 
amount  of  time  to  obtain  the  final  result.  But  such  is  not 
the  case,  as  only  one  diagram  was  actually  made  for  the 
original  design  of  this  particular  frame  embodying  all 
those  shown  in  this  article.  This  saving  of  time  is  easily 
possible  for  one  who  is  familiar  with  the  method. 

Messrs.  H.  S.  Labelle,  J.  E.  Perron,  J.  M.  Lafleur  and 
L.  N.  Audet  were  the  architects  entrusted  with  the  design 
of  the  cathedral.  The  writer,  as  designing  engineer  of 
Arthur  Surveyer  and  Company,  was  responsible  for  the 
structural  design. 
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The  Winter  Operation  of  Aero  Engines* 

Squadron  Leader  A.  Ferrier,  A.M.E.I.C., 

Aeronautical  Engineering  Research,  Department  of  National  Defence,  Ottawa,  Ontario. 

Paper  presented  before  the  Aeronautical  Section  of  the  Ottawa  Branch  of  The  Engineering  Institute  of  Canada,  February  1st,  1935. 

SUMMARY. — The  author  describes  the  conditions  of  aircraft  operation  in  Canada  during  the  winter  and  after  outlining  the  laborious  technique 
pursued  for  several  years  emphasizes  the  need  for  improvement  in  lubrication  and  starting  technique. 

Elimination  of  cold  weather  lubrication  difficulties  is  based  on  the  proposition  that  oil  temperature  is  in  itself  immaterial  and  that  its  only  real  im- 
portance is  the  effect  on  viscosity  which  Is  regarded  as  a  state  rather  than  as  a  property.  In  consequence  a  variation  of  oil  grade  and  a  premeditated  varia- 
tion of  oil  operating  temperature  under  adequate  control  Is  advanced  as  the  solution  and  the  results  of  two  years  practical  trial  are  oifered  as  proof.  A 
brief  specification  of  a  desirable  oil  system  is  given,  together  with  a  forecast  of  possible  developments  in  the  near  future  to  deal  with  existing  lubricants. 


Although  the  author  is  an  officer  of  the  Royal  Canadian 
Air  Force,  this  paper  deals  only  very  incidentally  with 
problems  peculiar  to  military  aviation.  The  control  of 
civil  aviation  in  Canada  is  vested  in  the  Minister  of  National 
Defence  and  the  members  of  the  Aeronautical  Engineering 
Division  of  the  Department  of  National  Defence  are  in 
close  touch  with  civil  aviation  whether  operated  by  the 
government  or  by  private  enterprise. 

That  a  clear  idea  may  be  gained  of  the  particular 
problems  confronting  the  operator  in  Canada  it  is  necessary 
first  of  all  to  describe  briefly  the  fundamental  characteristics 
of  most  Canadian  flying.  It  is  essentially  a  pioneering 
activity.  All  commercial  undertakings  of  whatever  nature 
are  designed  to  fill  a  need — and  the  less  competition  the 
better.  One  of  Canada's  crying  needs  was  better  facilities 
for  communication  in  the  immense  areas  of  undeveloped 
territory  to  the  north  of  the  main  transcontinental  railway 
lines.  The  airplane  just  naturally  slipped  in  to  fill  this 
need  in  competition  against  the  canoe  and  dog  team  rather 
than  entering  into  the  expensive  development  required  to 
compete  against  the  well  organized  and  efficient  east-west 
communication  systems. 

Transcontinental  aviation  is  not  by  any  means  being 
ignored  but  the  great  bulk  of  activity  is  now  and  will  for 
some  time  remain  in  the  bush  and  wilderness  territory, 
and  a  vast  majority  of  customers  is  among  those  whose 
enterprises  are  of  the  pioneering  sort  such  as  mining  cor- 
porations, prospectors,  timber  cruisers,  surveyors,  fur 
traders  and  so  on.  The  very  nature  of  the  operations 
implies  mobility  and  flexibility  and  consequently  the 
establishment  of  elaborate  bases  is  impossible.  The  home 
base  may  be  moderately  comfortable,  although  it  may 
itself  be  some  hundred  miles  from  the  nearest  railway, 
but  the  outer  terminus  will  as  likely  as  not  be  a  sand  bar 
or  beach  or  a  flat  patch  of  snow  in  the  lee  of  some  sheltering 
trees  or  rock.  Under  these  circumstances  every  airplane 
must  be  self-sufficient  and  must  carry  all  the  equipment 
necessary  for  its  own  service  and  maintenance.  It  must 
also  carry  emergency  rations  and  clothing  and  fuel  for  the 
preservation  of  the  lives  of  its  occupants  in  the  event  of  a 
forced  landing.  It  is  obvious  that  the  necessity  for  inflicting 
all  this  weight  on  the  poor  flying  machine  makes  serious 
inroads  on  its  pay  load. 

When  winter  flying  operations  started  seriously  in 
Canada  shortly  after  the  World  War,  the  technique  at  the 
commencement  and  at  the  termination  of  a  flight  was 
terribly  laborious.  The  author's  chief,  Group  Captain  E. 
W.  Stedman,  r.c.a.f.,  m  e.i.c,  vividly  describes  the  efforts 
to  start  a  four-engined  Handley  Page  bomber  in  quite 
moderately  cold  weather  in  Nova  Scotia.  He  tefls  of  hordes 
of  assistants  "chain-ganging"  buckets  of  boiling  water  into 
the  radiators  until  the  outlets  on  the  far  end  of  the  water 
manifolds  ran  hot;  of  pouring  hot  oil  into  the  tanks;  of 
warming  at  least  48  spark-plugs  on  a  shovel  over  a  fire 
and  then  putting  them  in;  and  of  the  fourth  engine  sulking 
and  the  other  three  having  to  be  shut  down  for  fear  of 

*Paper  presented  at  the  annual  meeting  of  the  Society  of  Auto- 
motive Engineers,  Detroit,  January  15th,  1935,  and  published  in  the 
April  1935  issue  of  the  S.A.E.  Journal.  Reprinted  by  permission  of 
the  Society  of  Automotive  Engineers. 


overheating  on  the  ground;  and  then  of  starting  the  whole 
process  over  again.  The  heart-rending  thing  was  that  with 
one  engine  running  its  available  horsepower  could  not  be 
harnessed  to  start  the  other  three.  Later,  at  a  government 
air  station  at  High  River,  Alberta,  where  Liberty-engined 
D.H.4's  were  in  use,  a  volatile  anti-freeze  was  employed 
and  each  aircraft  was  fitted  with  an  elaborate  still  for  the 
recovery  of  the  anti-freeze  and  its  subsequent  return  to 
the  radiator.  The  coming  of  the  air-cooled  radial  engine 
certainly  reduced  the  difficulties,  but  even  at  that  they 
remained  very  formidable.  Oil  had  to  be  drained  from  mo- 
tor and  tank  with  the  engine  still  running,  a  risky  and  most 
undesirable  process.  Then  it  had  to  be  heated  all  over 
again  and  poured  into  the  tanks  before  the  commencement 
of  the  next  flight,  with  some  likelihood  that  by  the  time 
the  motor  actually  started  the  oil  had  become  cold  and  the 
first  few  moments  of  running  were  done  with  little  or  no 
lubrication. 

To  ensure  a  start  it  has  been  and  still  is  the  practice 
to  warm  the  motor  by  encasing  it  in  a  heavy  canvas  cover 
or  a  nose  tent  supported  on  the  vertical  propeller  and 
applying  heat  under  the  cover  by  means  of  a  blow  lamp, 
gasoline  stove,  or  even  a  wood-burning  stove.  This  process 
takes  from  half  an  hour  to  an  hour  and  the  cover  has  to 
be  removed  before  an  attempt  is  made  to  start.  The  oil 
was  poured  in  at  the  last  possible  moment.  If  for  any 
reason  the  engine  refused  to  start  the  whole  process  of 
draining  and  reheating  the  oil,  replacing  the  engine  cover 
and  warming  the  cylinders  had  to  be  repeated.  The  mere 
manhandling  of  50  to  100  pounds  of  oil  with  its  container, 
and  of  the  heavy  bulky  engine  cover  is  a  labour  not  to  be 
despised  and  by  the  time  an  aircraft  is  ready  to  take  off, 
the  crew  has  already  done  a  goodly  part  of  a  day's  work 
and,  if  it  is  required  to  take  full  advantage  of  the  short 
daylight  hours,  a  great  proportion  of  the  preparatory  work 
and  the  after-flight  work  has  to  be  done  in  the  dark.  The 
weight  and  bulk  of  the  oil  containers,  engine  warming  bag 
or  tent,  and  stove  are  formidable  and  if  the  operation  is  in 
a  treeless  district,  such  as  the  barren  lands  of  the  North- 
west, the  difficulty  is  increased  by  the  necessity  for  carry- 
ing fuel  for  warmth  as  well  as  fuel  for  power.  Incidentally, 
leaded  fuel  is  not  suitable  for  burning  in  stoves  so  special 
fuel  in  separate  containers  must  be  carried. 

For  several  years  these  arduous  conditions  were  accepted 
as  the  inevitable  accompaniment  of  winter.  This  sounds 
like  rather  a  weak  admission,  but  Canadian  aviation  has  no 
great  resources  either  in  spare  cash  or  in  engineering  person- 
nel to  devote  to  experiment  and  research  and  we  were  for 
some  time  quite  fully  occupied  with  winter  landing  gears 
and  allied  problems.  Commercial  operators  were  busy 
trying  to  survive  and,  having  settled  on  a  workable  tech- 
nique, had  little  time  or  money  to  devote  to  research  which 
was  not  immediately  productive. 

Attack  on  the  Lubrication  Problem 

The  urge  to  reopen  the  attack  on  the  engine  problem 
arose  only  a  few  years  ago  and  came  to  this  individual  in 
a  manner  which  may  be  worth  relating.  One  trouble  en- 
countered was  that  the  oil  temperature  could  never  be 
worked  up  to  the  degree  recommended  by  the  engine 
manufacturers.   This  was  countered  by  an  elaborate  system 
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of  lagging  pipes  and  tanks,  shielding  crankcases  and  plug- 
ging up  all  sorts  of  cowling  openings.  This  involved  a  great 
deal  of  work  which  had  to  be  done  every  fall  and  undone 
again  every  spring,  and,  from  some  over-worked  main- 
tenance man,  the  suggestion  arose  that  the  lagging  and 
so  on  be  retained  as  a  permanent  feature  and  that  large 
oil  coolers  be  fitted  to  look  after  summer  requirements. 
This  was  too  much  like  asking  a  man  to  wear  his  winter 
overcoat  all  the  year  round  and  to  carrj^  an  ice  pack  with 
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Fig.  1 — Viscosity-Temperature  Chart.     Posted  in  a   Visible 
Position  on  every  Aircraft  in  the  Royal  Canadian  Air  Force. 

him  for  relief  when  needed.  One's  gorge  rose  in  sympathy 
for  the  poor  overloaded  airplane.  The  objectionable  sug- 
gestion contained,  however,  the  germ  of  an  old  idea  and 
after  considerable  thought  and  discussion  the  Department 
proceeded  to  put  it  to  work— in  reverse. 

Why  not  work  a  step  or  a  couple  of  steps  lower  on 
the  temperature  scale,  and  use  oil  coolers  in  winter  time  to 
make  sure  that  we  remain  on  the  chosen  step  ?  After  all, 
a  given  quantity  of  fuel  burning  with  a  given  quantity  of 
oxygen  will  produce  approximately  the  same  amount  of 
heat  no  matter  what  the  original  temperature  of  the  oxygen. 
Some  of  this  heat  is  converted  into  useful  energy,  a  good 
share  is  dissipated  to  the  atmosphere  through  the  cylinder 
walls,  directly  or  through  a  cooling  liquid,  some  more  goes 
away  with  the  exhaust  and  a  fair  proportion  is  imparted 
to  the  oil  and  thence  to  the  atmosphere.  The  atmosphere 
therefore  acts  as  a  direct  cooling  medium  for  a  very  con- 
siderable proportion  of  the  dissipated  heat  and,  though  the 
exhaust  gases  will  probably  be  at  much  the  same  order  of 
temperature  summer  and  winter,  it  is  quite  reasonable  to 
suppose  that  the  general  temperature  level  will  be  lower 
in  winter  than  in  summer.  This  supposition  is  definitely 
supported  by  the  existence  of  elaborate  shutter  systems 
installed  with  the  sole  idea  of  keeping  the  temperature  up. 
Any  one  who  has  shovelled  coal  into  a  furnace  during  a 
northern  winter  can  argue  this  out  for  himself. 

The  next  supposition  is  admittedly  assailable.  Here 
it  is:  "If  an  oil  has  the  proper  'oiliness'  and  all  its  other 
physical  and  chemical  properties  are  satisfactory,  then  the 
physical  (tharactei'istic  which  finally  determines  its  suita- 
bility as  a  lubricant  imder  a  certain  set  of  conditions  is 
viscosity.  Furthermore,  viscosity  should  be  regarded  as  a 
state  rather  than  as  a  'property  because  it  varies  with  tem- 
perature." 

If  this  proposition  is  accepted  then  a  63  sec.  oil  at  120 
degrees  F.  is  in  the  same  state  and  therefore  has  the  same 
lubricating  qualities  as  a  120  sec.  oil  at  about  165  degrees  F. 


(See  Fig.  1.)  If  the  viscosity  indices  of  the  oils  are  of  the 
same  order,  then  the  same  deduction  could  be  made  if  we 
add  a  couple  of  hundred  degrees  of  temperature  to  each 
side.    The  weak  point  of  the  chain  comes  right  here. 

Is  the  temperature  rise  of  a  63  sec.  oil  entering  an 
engine  at  120  degrees  F.  and  working  in  winter  of  the  same 
order  as  the  temperature  rise  of  a  120  sec.  oil  entering  the 
engine  at  165  degrees  F.  and  working  in  summer? 

Basing  our  opinion  on  the  established  fact  of  a  lowered 
general  temperature  level  we  in  Canada  decided  the  point 
was  well  worth  putting  to  the  test. 

Fortunately  for  our  requirements  a  Wright  R975E 
engine  had  just  completed  full  type  trials  for  a  Type 
certificate  of  airworthiness  on  the  test  dynamometer  of  the 
National  Research  Council  of  Canada.  The  engine  had 
been  carefully  calibrated  for  power  and  had  then  been  torn 
down,  very  thoroughly  inspected  and  "miked,"  and  then 
reassembled  for  use.  Its  exact  condition,  therefore,  was 
well  established.  This  engine  was  installed  in  a  Bellanca 
Pacemaker  fitted  with  a  controllable  oil  cooler  and  with 
the  usual  run  of  measuring  instruments  for  a  test  of  this 
nature.  The  aircraft  was  operated  for  200  hours  during  the 
winter  of  1932-33,  observations  being  made  of  consumption 
of  fuel  and  oil,  cylinder  head  temperature,  oil  pressure,  inlet 
temperature,  and  all  relevant  conditions  which  might  have 
significance;  75  and  63  sec.  oils  were  used  and  no  mercy 
was  given,  the  aircraft  doing  a  considerable  number  of  full 
throttle  climbs.  At  the  end  of  the  200-hour  period,  and 
incidentally  of  the  winter,  the  engine  was  removed  from 
the  Bellanca  and  put  on  the  dynamometer  where  the  power 
was  calibrated  again,  after  which  a  complete  stripping, 
inspection  and  "miking"  was  done.  The  results,  an 
abstract  of  which  is  contained  in  Appendix  I,  were  suf- 
ficiently encouraging  to  warrant  further  trials  the  next 
winter.  Consequently,  arrangements  were  made  to  fit 
several  aircraft,  powered  by  Pratt  &  Whitney,  Wright  and 
Armstrong  Siddeley  engines,  with  the  necessary  oil  coolers, 
and  service  trials  were  done  by  pilots  untrained  to  test 
work  performing  ordinary  service  functions.  No  unusual 
trouble  was  experienced  and  we  felt  satisfied  that  a  lot 
of  the  grief  of  winter  flying  was  being  eliminated  and  that 
the  engines  were  certainly  getting  their  oil  during  the  first 
few  revolutions — which  was  a  matter  of  considerable  doubt 
in  the  old  days. 

Last  winter  a  Rolls-Royce  Kestrel  was  tackled.  This 
was  a  different  proposition  altogether  as,  being  a  liquid- 
cooled  engine  and  the  aircraft  being  fitted  with  a  con- 
trollable radiator,  the  cylinder  temperature  should  be  the 
same  winter  or  summer.  To  be  strictly  consistent,  the 
cooling  liquid  temperature  should  have  been  stepped  down 
to  a  lower  figure  than  that  used  with  the  summer  oil,  but 
this  was  not  done.  The  airplane  was  left  exposed  out  of 
doors  all  winter  and  was  started  up  every  day,  a  number 
of  dead  cold  starts  being  effected  with  no  great  difficulty 
at  sub-zero  temperatures  down  to  as  low  as  —20  degrees  F. 
No  real  trouble  was  encountered. 

As  a  result  of  all  this  experimentation,  the  Department 
felt  that  the  right  track  was  being  followed,  especially  as 
the  automobile  industry  seemed  to  be  thinking  along  much 
the  same  lines.  Consequently,  a  technical  memorandum 
was  published  to  impart  to  commercial  and  private  opera- 
tors the  benefit  of  our  experiences.  This  memorandum, 
which  was  written  mainly  for  operators  and  maintenance 
men,  is  contained  in  Appendix  II. 

Installation  of  the  lubrication  system  in  an  aircraft 
required  to  operate  in  widely  varying  climatic  conditions 
should  include  an  oil  tank  or  tanks  well  protected  from 
such  external  influences  as  warm  air  from  the  cylinders  or 
the  cold  external  atmosphere,  and  also  should  include  a 
generous  controllable  oil  cooler  in  the  scavenge  line.  It  is 
quite  a  good  idea  to  have  the  oil  feed  and  return  pipes 
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enter  the  oil  tank  within  the  confines  of  a  central  enclosure 
dividing  off  a  gallon  or  so  of  oil  in  the  middle  of  the  tank. 
This  enclosure  must  have  feed  holes  communicating  with 
the  main  body  of  oil  in  the  tank,  and,  if  desired,  a  manually 
operated  bypass  in  the  scavenge  line  can  be  arranged  to 
return  to  the  outer  section  of  the  tank.  The  bypass  cock 
must  in  no  position  close  off  both  return  passages.  When 
the  motor  is  started  up,  the  central  body  of  oil  is  warmed 
much  more  rapidly  than  would  be  the  whole  body  in  a 
simple  tank  and  consequently  the  proper  lubrication  is 
effected  at  an  earlier  moment.  This  definitely  saves  on 
running  up  time  and  on  wear  and  tear  at  the  start. 

The  oil  cooler  should  bear  the  whole  responsibility  for 
the  oil  temperature  and  should  therefore  be  of  sufficient 
capacity  to  permit  overcooling  on  the  hottest  sunnner  da.y. 
Conversely,  if  it  is  completely  cut  out,  overheating  should 
occur  on  the  coldest  possible  winter  flight.  Only  in  this 
way  can  the  pilot  have  complete  control  throughout  the 
four  seasons  without  resort  to  seasonal  modifications,  such 
as  shutters  and  lagging.  Thermostatic  oil  temperature 
control  would  be  quite  satisfactory  provided  that  the 
thermostat  can  be  set  to  the  correct  temperature  for  the 
particular  grade  of  oil  being  used.  Our  experience  with 
aircraft  having  common  types  of  air-cooled  radials  up  to 
425  h.p.,  and  controllable  oil  coolers  is  that  63  sec.  oil 
remains  fluid  at  —20  degrees  F.  and  can  safely  be  used 
up  to  an  atmospheric  temperature  of  32  degrees  F.  and  that 
95  sec.  oil  is  satisfactory  for  the  upper  range  except  for 
really  abnormal  hot  weather.  Three  grades  of  oil  ought 
to  cover  the  whole  year  north  of  the  40th  parallel. 

Admittedly,  people  who  operate  north-south  air  lines 
from  the  40th  to  the  really  low  parallels  will  have  to  think 
a  bit,  but  that  worry  can  be  left  to  them.  As  the  develop- 
ment has  only  been  carried  down  to  —20  degrees  F.  for 
cold  oil  starts,  and  aircraft  are  quite  consistently  operated 
at  between  —60  and  —70  degrees  F.,  the  necessity  for 
really  rapid  oil  drainage  has  not  been  eliminated.  Con- 
sequently the  drain  cock  and  pipe  should  be  of  generous 
proportions,  very  easily  accessible  and  should  discharge 
vertically  downwards  when  the  aircraft  is  resting  normally 
on  the  ground  so  that  there  is  no  necessity  to  keep  on 
moving  the  can  as  the  head  decreases.  The  oil  filler 
arrangements  should  likewise  be  very  large  and  easily 
reached.  One  can't  get  people  to  filter  oil  at  —40  degrees 
F.  nor  do  they  want  to  stand  pouring  oil  out  of  a  can 
above  their  heads  or  in  a  cramped  position  at  that  sort  of 
temperature.  The  same  remarks  apply  to  refueling  arrange- 
ments but  to  a  lesser  degree.  To  be  really  safe,  filters 
should  be  oversize  and  the  oil  filters  should  be  duplicated, 
one  on  the  inlet  and  one  on  the  scavenge  pipe.  Great  care 
is  required  in  locating  the  oil  temperature  thermometer  if 
provision  has  not  already  been  made  by  the  engine  manu- 
facturer for  a  thermometer  pocket.  The  measuring  element 
of  the  thermometer  must  be  well  surrounded  by  the  moving 
stream  and  must  not  be  in  a  pocket  or  back  eddy,  because 
quite  serious  errors  of  temperature  measurement  may  occur. 
The  present  instruments  for  supervision  of  the  oil  condition 
are  the  thermometer  and  the  oil  pressure  gauge.  It  has 
been  suggested  that,  as  viscosity  is  the  real  criterion,  a 
viscometer  should  be  included  in  the  system.  Investiga- 
tions now  are  under  way  at  the  National  Research  Council 
laboratories  to  determine  whether  a  viscometer  can  be  made 
to  tell  the  truth  and,  if  so,  whether  the  information  is  of 
value,  and  whether  the  instrument  can  be  used  to  replace 
the  thermometer  and  pressure  gauge. 

Engine  and  Oil  Warming 

Three  general  types  of  shelters  for  engine  warming 
have  been  in  general  use  in  Canada:  (1)  the  engine  cover, 
(2)  the  nose  tent,  and  (3)  the  nose  hangar.  The  first  two 
are  completely  mobile  while  the  third  is  semi-mobile  in 


that  it  can  be  knocked  down  and  transported  by  air  if  it 
is  found  necessary  to  move  a  sub  base. 

The  engine  cover  (Fig.  2)  is  merely  a  bag  tailored  to 
fit  as  closely  as  possible  round  the  engine,  vented  at  the 
top  and  provided  with  a  sort  of  trunk  or  flue  at  the  bottom 
into  which  the  chimney  of  some  heating  device  can  be 
inserted.  The  bag  does  not  cover  the  airscrew.  Its  main 
drawback  is  that  no  maintenance  work  can  be  done  on 
the  engine  while  the  bag  is  in  place. 

The  nose  tent  (Fig.  3)  is  merely  a  wigwam  shaped 
affair  supported  on  the  tip  of  one  blade  of  the  airscrew  and 
laced  around  the  body  of  the  aircraft.  It  is  usually  made 
of  two  ply  of  durable,  close-woven  canvas.  The  heating 
element  is  placed  right  inside  the  tent,  provision  being 
made  for  air  inlet  and  venting.  The  skirt  is  spread  out 
and  held  in  place  by  snow  piled  on  it.  The  nose  tent  is 
necessarily  heavier  than  the  simple  engine  cover,  but  has 
the  advantage  that  a  limited  amount  of  servicing  and 
maintenance  may  be  performed  under  it  and,  in  emergency, 
its  shelter  may  be  used  for  human  beings. 

The  nose  hangar  (Fig.  4)  is  a  collapsible  framework 
of  light  metal  tubing  covered  with  canvas.  It  is  built  of 
sufficient  height  to  permit  turning  the  airscrew  and  a  split 
curtain  is  laced  tightly  round  the  body  of  the  aircraft 
behind  the  engine.  This  equipment  permits  the  execution 
of  field  maintenance  work  to  the  fullest  degree  l)ut  is  not 
intended  to  be  carried  as  part  of  the  routine  winter  gear 
of  the  aircraft.  It  is  mounted  on  skids  or  skis  to  facilitate 
placement. 


Fig.  2 — The  Engine  Cover.     A  Bag  Tailored  to  fit  as  closely 
as  possible  around  the  Engine. 


Fig-  3 — The  Nose  Tent.     A  Wigwam  shaped  unit  supported 

on  the  Tip  of  one  Blade  of  the  Airscrew  and  Laced  around 

the  Body  of  the  Aircraft. 
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Where  supplies  of  wood  may  be  obtained,  use  is  made 
of  a  sheet  metal  stove  for  warming  purposes,  but  the  most 
usual  source  of  heat  is  gasoline  burnt  in  a  Primus  stove  or 
plumber's  pot  suitably  shrouded  and  fined  to  take  the  heat 
where  it  will  do  the  most  good.  As  mentioned  previously, 
leaded  fuels  are  n.ot  good  to  burn  in  these  stoves  and  are 
definitely  forbidden  for  cooking.  Hence  a  supply  of  special 
fuel  in  separate  containers  has  to  be  carried.  The  heat 
fram  a  large  gasoline  burner  is  quite  fierce  and  precautions 


I 


Fig.  4 — The  Nose  Hangar.     A  collapsible  Framework  of  Light 
Metal  Tubing  covered  with  Canvas. 


should  be  taken  to  avoid  damage  to  soldered  radiators  and 
other  vulnerable  items,  and  to  avoid  danger  of  fire  by 
providing  some  sort  of  control,  preferably  an  automatic  one 
by  thermostat.  This  is  most  applicable  in  the  case  of  the 
simple  engine  cover  and  where  the  metal  flue  enters  the 
bag,  a  non-inflammable  connection  with  asbestos  is  essen- 
tial. 

None  of  these  equipments  make  satisfactory  provision 
for  warming  the  oil.  On  many  aircraft  the  oil  tank  is 
situated  behind  the  fire  bulkhead  and  this  adds  to  the 
difficulty.  All  sorts  of  attempts  have  been  made  to  over- 
come the  trouble.  One  of  these  which  has  some  merit  is 
the  introduction  of  a  water  boiler  in  the  flue  of  the  stove. 
Steam  can  then  be  led  through  flexible  piping  to  an  im- 
mersion heater  thrust  into  the  oil  tank  through  the  filler 
neck.  This  is  not  very  efficient  as  oil  does  not  warm  up 
readily  in  bulk  from  a  local  source  of  heat.  An  improve- 
ment might  be  effected  by  using  a  built-in  steam  heating 
element  of  efficient  design  with  very  thin,  closely-spaced 
fins. 

Another  suggestion  for  which  a  preliminary  investiga- 
tion has  already  been  made  in  the  laboratories  of  the 
National  Research  Council  is  as  follows:  The  oil  tank  to 
be  fitted  with  an  internal  pierced  enclosure  surrounding 
about  a  gallon  of  oil  as  mentioned  before  but  located  so 
that  an  accessible  portion  of  the  outside  wall  of  the  tank 
forms  one  side  of  the  enclosure,  the  feed  and  scavenge 
pipes  to  lead  through  this  portion  of  the  wall,  and  finally 
a  hand  pump  and  three-way  cock  is  to  be  fitted  on  a  by- 
pass pipe  short  circuiting  the  motor  as  close  as  possible  to 
the  inlet  and  outlet  connections.  (See  Fig.  5.)  The  ap- 
plication of  local  heat  by  means  of  chemical  pads,  such  as 
the  "Thermat"  pad  made  by  Bauer  &  Black,  applied  to 
the  outer  wall  of  the  tank  will  raise  the  temperature  of  a 
portion  of  the  oil  sufficiently  to  permit  it  to  flow  when 
the  hand  pump  is  operated.  If  in  the  meanwhile  heat 
from  the  apparatus  which  is  being  used  to  warm  the  motor 
is  conducted  through  the  oil  radiator,  sufficient  warm  oil 
for  a  safe  start  may  be  accumulated  in  a  reasonable  time 
without  any  need  to  drain  the  oil,  which  is  one  of  the  main 
bugbears  of  the  winter  operator.  The  weight  of  the  extra 
piping,  pump  and  "Thermat"  pads  may  be  balanced  against 
the  eliminated  oil  container  and  the  extra  fuel  required  to 
warm  the  oil  separately.     The  feasibility  of  this  process 


has  been  demonstrated,  but  practical  trials  have  not  yet 
been  made,  though  it  is  the  Department's  intention  to 
make  such  trials  this  winter.  It  will  of  course  occur  to 
every  one  that  the  steam  immersion  heater  idea  could  be 
applied  to  this  process,  thus  making  one  independent  of 
chemical  pads. 

Ignition  and  starting 
Getting  the  first  kick  out  of  the  engine  is  a  ticklish 
problem  and  has  been  the  subject  of  numerous  experiments. 
An  organized  attack  on  the  problem  was  commenced  under 
the  auspices  of  the  Air  Research  Committee  of  the  Research 
Council  of  Canada  by  Professor  C.  H.  Robb  of  the  Univer- 
sity of  Alberta  at  Edmonton  in  1920.  Professor  Robb  con- 
tinued his  experiments  for  about  three  winters  and  fore- 
casted several  developments  which  only  now  are  really 
being  put  into  practical  use,  in  particular  the  use  of  an  oil 
cooler  in  winter.  He  used  a  Liberty  engine  and  the  problem 
was  presented  to  him  in  this  way:  "The  engine  is  in  an 
airplane  forced  to  spend  a  night  in  the  open  away  from  a 
base.  It  has  been  assumed  that  while  the  engine  was  still 
hot  the  cooling  system  has  been  drained  or  that  an  efficient 
antifreeze  mixture  is  available.  It  is  also  assumed  that  the 
battery  has  been  removed  from  the  machine  and  kept  at 
ordinary  room  temperature  and  that  a  supply  of  commer- 
cial ether  is  available." 

Some  of  Professor  Robb's  technique  would  be  objected 
to  today  as  being  too  brutal.  For  instance,  he  recom- 
mended supplying  the  engine  by  injecting  about  3^  pint 
of  gasoline  and  turning  the  crankshaft  over  with  switches 
off  until  the  engine  worked  freely.  In  extenuation  it  must 
be  remembered  that  the  starting  handle  of  a  Liberty  engine 
took  some  pretty  heavy  heaving  to  get  results.  The 
following  table  gives  his  recommendations: 

Gasoline       Ether 
Temperature  Per  Cent    Per  Cent 

20  degrees  F.  and  warmer 100  Nil 

0  degrees  F.  to  20  degrees  F. .  75  25 

— 15  degrees  F.  to  0  degrees  F 66  34 

—  30  degrees  F.  to —15  degrees  F.  50  50 

Below  —30  degrees  F Nil  100  (warm) 
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Fig.  5 — Suggested  Method  of  Warming  Oil  in  Gold  Aircraft 
Engines  on  which  Canadian  National  Research  Council  has 
made  Preliminary  Investigations. 

About  34  pint  of  the  appropriate  mixture  was  injected 
into  the  intake  manifolds  and  as  soon  as  the  engine  kicked 
an  additional  34  pint  was  shot  in.  This  generally  sufficed 
for  the  engine  to  begin  to  feed  on  gasoline  from  the  car- 
buretor which  had  in  the  meanwhile  been  flooded.  Large 
capacity  priming  pumps  and  nozzles  were  found  to  be 
essential. 

It  will  be  noted  that  under  the  conditions  it  was 
assumed  that  the  battery  could  be  kept  at  room  temper- 
ature.   This  is  a  concession  that  we  would  not  care  to 
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allow  today  as  the  object  is  to  eliminate  all  possible  manual 
labour.  The  loss  of  capacity  of  storage  batteries  at  low 
temperatures  is  a  very  serious  objection  to  the  use  of  battery 
ignition  in  cold  climates  especially  in  these  times  when  the 
poor  old  battery  is  asked  to  do  so  many  things.  This  is 
one  of  the  considerations  that  has  led  the  Department  to 
turn  down  the  booster  coil  in  favour  of  the  hand  starting 
magneto.  The  aircraft  and  its  crew  must  be  self-supporting 
and  in  the  final  analysis  the  energy  for  starting  may  have 
to  be  derived  from  the  calories  in  the  emergency  rations 
supplied  for  the  men.  This  is  not  far  fetched.  Many  a 
pilot  in  the  North  has  taken  the  spark  plugs  to  bed  with 
him  in  the  eiderdown  bag  so  as  to  be  sure  that  they  would 
be  warm  and  dry  when  required  for  use  the  next  morning. 
Incidentally  it  is  quite  common  technique  to  warm  at  least 
one  plug  out  of  each  cylinder  on  a  shovel  over  the  engine 
warming  stove.  This  is  not  so  convenient  when  a  simple 
engine  cover  is  being  used. 

To  insure  lubrication  at  the  start,  Pi'ofessor  Robb  tried 
both  "Mobil  A"  and  "Mobil  Arctic"  and  decided  definitely 
in  favour  of  the  latter.  A  little  "Arctic"  was  left  in  the 
crankcase  overnight  and  the  tank  was  short  circuited  by 
means  of  a  bypass  with  a  relief  valve  leading  to  the  tank 
so  as  to  control  the  pressure  on  the  suction  side  of  the  oil 
distributing  pump.  This  idea  is  similar  to  that  of  the 
segregation  of  a  portion  of  the  oil  tank  but  it  has  the 
disadvantage  that  some  one  might  forget  to  cut  in  the 
main  tank. 

Experiments  were  also  made  at  this  time  with  jets  of 
various  sizes  larger  and  smaller  than  the  standard  high- 
speed jet.  As  might  be  expected,  because  cold  air  has  more 
oxygen  per  unit  volume  than  warm  air,  the  standard  jet 
was  inclined  to  give  a  lean  mixture  and  the  engine  was 
found  to  take  the  throttle  better  with  a  slightly  oversize 
jet  (070  as  against  065  on  the  Liberty). 

The  danger  of  vapour  lock  at  high  altitude  or  at  high 
temperature  definitely  precludes  aviation  gasoline  from 
being  a  really  easy  starter,  at  least  in  the  present  stage 
of  the  art.  To  achieve  the  ideal  of  dead  cold  starts,  there- 
fore, it  will  be  necessary  to  resort  to  a  starting  fuel  such  as 
ether  or  some  gaseous  fuel  compressed  into  a  bottle  and 
injected  into  the  intake  manifolds.  It  must  be  confessed 
that  the  lead  given  by  Professor  Robb  has  been  somewhat 
neglected  for  a  long  time,  but  some  of  the  blame  can  be 
attributed  to  the  engine  manufacturers  who  were,  to  say 
the  least,  reluctant  to  tolerate  the  use  of  low  viscosity  oils. 
So  long  as  the  necessity  for  warming  the  oil  and  the  motor 
was  accepted,  so  long  was  the  methodical  development  of 
easy  starting  retarded. 

Valve  and  Accessory  Lubrication 

There  is  a  fairly  strongly  supported  opinion*that  much 
of  the  difficulty  of  getting  the  first  kick  can  be  attributed 
to  poor  compression  caused  by  sticky  valves.  This  im- 
mediately brings  up  the  question  of  valve  lubrication  and 
it  is  a  fact  in  Canadian  experience  that  liquid-cooled  engines 
start  more  easily  than  the  air-cooled  type.  In  the  effort 
to  get  a  clean  engine  which  does  not  foul  the  windscreen, 
there  is  a  suspicion  that  we  in  Canada,  at  least,  have 
gone  a  step  too  far  in  packing  the  valve  rocker  boxes  with 
over  heavy  grease.  The  winter  grease  is,  of  course,  lighter 
than  that  used  in  summer,  but  even  at  that  it  is  probably 
unnecessarily  viscous.  The  introduction  by  Pratt  &  Whit- 
ney of  pressure  lubrication  to  the  valve  gear  will  probably 
prove  to  be  of  definite  advantage  in  cold  weather  operation, 
though  the  drainage  of  the  oil  from  the  lower  cylinders 
through  the  exposed  manifold  of  apparently  rather  small 
dimensions  may  be  attended  by  some  trouble  unless  low- 
viscosity  low-pour-point  oil  is  used.  It  is,  however,  en- 
couraging to  relate  that  in  a  certain  engine  with  which 
we  had  to  deal  a  low  pressure  lut)ricating  pipe  leading 
forward  outside  the  crankcase  to  the  reduction  gear  case 


was  looked  upon  with  considerable  suspicion  and  a  special 
pressure  gauge  was  fitted  to  supervise  it  and  yet  no  unto- 
ward events  happened. 

It  may  be  taken  as  axiomatic  from  the;  point  of  view 
of  the  cold  weather  operator  that  all  lubrication  of  the 
motor  and  its  accessories  should  depend  on  one  single 
supply  of  oil  under  pressure  with  the  possible  exception 
of  the  starter  which  begins  to  turn  before  the  pressure 
pump  gets  going.  So  far  as  the  author  knows  the  problem 
of  cold  weather  lubrication  of  packed  bearings,  such  as  are 
installed  in  electrical  machinery,  has  not  been  tackled 
seriously  and  probably  needs  some  attention.  It  does  not 
appear  to  be  vital. 

The  inertia  starter  is  the  most  conmionly  used  kind 
in  Canada  and  it  is  absolutely  essential  to  prepare  it  for 
winter  use  by  cleaning  it  thoroughly  and  repacking  with 
a  low  viscosity  lubricant.  This  applies  whether  the  starter 
is  electrically  energized  or  wound  up  by  hand. 
Icing  of  Carburetor 

One  of  the  worst  bugbears  of  cold  weather  flying  's 
the  danger  of  icing  up  in  the  choke  of  the  carburetor. 
Many  carburetors  are  furnished  with  a  special  heating 
jacket  round  the  choke  housing  to  forestall  this  evil.  In 
Canada  we  probably  suffer  less  from  this  than  most  coun- 
tries in  the  northern  temperate  zone,  because,  with  the 
possible  exception  of  the  coastal  regions,  the  relative 
humidity  of  the  atmosphere  is  comparatively  low  for  the 
greater  part  of  the  winter.  Trouble  is  definitely  experienced 
in  the  fall  and  spring.  The  accepted  method  for  com- 
bating the  evil  is  to  reduce  the  relative  humidity  of  the 
intake  air  by  warming  it.  The  cheapest  way  is  to  use 
the  air  that  has  just  finished  cooling  a  nice  hot  cylinder 
or  two,  but  if  this  device  entails  an  air  intake  inside  the 
cowling  it  is  wise  to  fit  a  flame  trap  as  an  ordinary  pre- 
caution against  fire.  The  air  intake  positively  must  drain 
to  the  outside  of  the  cowling.  Heat  from  exhaust  gases  is 
frequently  employed  to  warm  the  incoming  air,  but  this 
involves  extra  complication  and  expense  in  the  exhaust 
system  and  especially  careful  inspection  and  maintenance 
to  insure  that  the  engine  will  not  be  fed  through  leakages 
with  some  of  its  own  exhaust. 

Future  Ambitions 

Although  nuich  of  this  paper  is  devoted  to  describing 
methods  for  warming  motors  and  oil  tanks,  emphasis  should 
be  placed  on  the  efforts  to  eliminate  all  this  unproductive 
labour.  Our  px"oposals  for  engine  warming  and  oil  heating 
are  merely  made  with  a  view  to  finding  good  expedients 
to  carry  through  until  the  ideal  is  reached.  So  far,  as 
implied  before,  the  stage  has  been  reached  where  a  63  sec. 
special  low  pour  oil  can  be  used  dead  cold  for  a  start  at 
—  20  degrees  F.  Unfortunately  not  all  motors  will  start  at 
this  temperature  and  the  immediate  problem  is  to  get  the 
technique  for  cold  motor  starting  into  line  with  the  progress 
on  lubrication.  When  that  has  been  achieved  it  is  proposed 
to  aim  at  a  figure  of  some  —40  degrees  F.  It  nearly  all 
depends  on  the  wonderful  efforts  of  the  petroleum  technol- 
ogists who  are  certainly  learning  to  weave  their  molecules 
into  newer  and  more  pleasing  patterns  every  day.  A  lot 
of  people  will  consider  that  63  sec.  oil  is  beyond  the  pale 
of  reason  already  but  there  is  little  cause  to  doubt  that 
there  will  soon  be  available  a  53  sec.  oil  with  a  remarkably 
good  viscosity  index  and  in  the  meanwhile  we  can  make 
sure  of  the  ground  where  we  stand.  The  ultimate  aim  to 
be  achieved  is  dead  cold  starts  at  temperatures  just  above 
the  freezing  point  of  gasoline,  namely,  around  —70  degrees 
F.,  which  is  about  the  limit  of  human  endurance.  Before 
we  ever  reach  this  point,  however,  there  is  quite  a  possibility 
that  the  internal  combustion  motor  will  be  displaced  by  a 
steam  powerplant,  which  has  many  attractive  possibilities 
for  winter  operation,  and  that  gasoline  as  a  fuel  may  give 
way  to  something  else  altogether. 
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Some  results  of  tests  of  low  viscosity  oils  used  in  a  Wright  R975E 
Engine  installed  in  a  Bellanca  Pacemaker. 

Oils  Used 

Imperial  Marvelube A3 

Imperial  Marvelube A2  (1928) 

Imperial  Marvelube A2  Special  (G3  sec.) 

Average  Oil  Consumptions 

A3 2.4    pt.  per  hr.  (  16  hr.) 

A2  (1928) 2.4    pt.  per  hr.  (  60  hr.) 

A2  Special 3.16  pt.  per  hr.  (115  hr.) 

Note: — Average  r.p.m.  were  somewhat  higher  when  using  the  A2 
Special  than  with  the  other  oils. 


Maximum  Oil  Consumption  Recorded 
A2  Special 4.1  pt.  per  hr. 

Range  of  Cylinder  Head  Temperatures 
Cruising  1,700-1,800  r.p.m. 

No.  1  cylinder 350-450  deg.  F. 

No.  4  cylinder 300-400  deg.  F. 

No.  7  cylinder 300-400  deg.  F. 

Oil  Temperatures  Maintained 
Grade  Maximum  Average 

Marvelube  A3 56  deg.  Cent.  52  deg.  Cent. 

Marvelube  A2  (1928) 53  deg.  Cent.  45  deg.  Cent. 

Marvelube  A2  Special 54  deg.  Cent.  45  deg.  Cent. 


AIRCRAFT  V.  C- 

-ENGINE  C.  W. 

155.     Oil 

Marvelu 

be  A-2 

Special  A 

303/32    Date— March  17,  1933 

Cylinder  Head 

Oil 

Temperatures 

Ten: 

iperature 

Time 

Deg.  Cent. 

Oil  Pressure 

Deg.  Fahr. 

Cooler 
Engi 

1 

Air 
Speed 

Air 
Temper- 

Into 

(^ut  of 

Into 

Mixture 

ne 

Hr. 

Min. 

Cooler 

Cooler 

Engine 

Engine 

Cooler 

No.  1       No.  4    Nt 

..  7 

Control 

Shutter 

Indi- 

ature 

l-FuU 

1-Full 

Altitude 

cator 

Deg. 

Open 

Open 

Ft. 

M.P.H. 

Cent. 

R.P.M. 

GO 

22 

16 

14 

C 

E 

Ground 

01 

21 

15 

12 

50 

12 

0 

0 

Ground 

760 

02 

20 

15 

12 

53 

11 

0 

0 

CJround 

800 

03 

19 

15 

12 

52 

10 

0 

0 

Ground 

790 

04 

20 

16 

13 

51 

11 

0 

0 

Ground 

800 

05 

20 

16 

14 

52 

11 

250 

210 

240 

0 

0 

Ground 

810 

10 

23 

20 

17 

50 

10 

270 

240 

270 

0 

0 

Ground 

820 

15 

29 

25 

23 

60 

10 

430 

380 

410 

0 

1200 

79 

-  3 

1840 

20 

39 

34 

25 

58 

8 

420 

380 

410 

0 

3900 

74 

-  9 

1820 

25 

46 

40 

32 

59 

8 

380 

330 

360 

Yi 

0 

4200 

87 

-11 

1750 

30 

48 

40 

36 

59 

8 

390 

320 

360 

K 

4350 

91 

-10 

1760 

35 

47 

40 

36 

59 

9 

400 

320 

360 
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4350 

90 

-  9 

1760 

40 

47 

39 

36 

60 

9 

400 

320 

360 

3^ 

4500 

90 

-  9 

1770 

i 

00 

46 

39 

33 

60 

9 

400 

330 

350 

Vi 

4500 

92 

-  8 

1780 

1 

30 

Landed  at  St.  Hubert. 

No  Readings  taken 

2 

00 

45 

40 

33 

59 

10 

400 

320 

360 

Vi 

0 

6100 

86 

-12.5 

1750 

2 

30 

45 

38 

32 

60 

10 

380 

310 

340 

H 

0 

6800 

85 

-13.5 

1780 

3 

00 

44 

37 

30 

60 

10 

380 

300 

340 

K 

0 

6500 

93 

-14.5 

1780 

3 

30 

43 

35 

30 

60 

10 

370 

300 

340 

Yi 

0 

6800 

89 

-16 

1780 

4 

00 

44 

37 

31 

60 

10 

360 

330 

330 

Yi 
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6300 

90 

-15 

1750 

4 

30 

42 

37 

29 

59 

10 

370 

300 

340 

M 

Yi 

0 

6700 

85 

-14 

1780 

A.  S.  I.  No.  23571— Altimeter  No.  2496— All-up  Weight  4,.300  pounds. 


Ground  temperature 1.0  deg.  Cent. 

Wind N.W.  20  m.p.h. 

Altimeter  reading — Feet. 

Surface Sticky  snow  6-8  inches  deep 

Take-off  time 32  sec. 

Oil  Data 
Temperature  in  tank  iifter 

filling 15  deg.  Cent. 

Gross  Net 

Weight  in 50.0 

Weight  out 31.0 

Consumption 19.0 

3.5  Ib./hr. 


Fuel  Data 

Gallons  in  after  flight 70 

Consumption 13.7  gal.  per  hr. 

Time — Engine  and  Flying 

Engine  on 1250  hr. 

Off 1815  hr. 

Engine  time 5  hr.  25  min. 

Take-off 1300  hr. 

Land 1815  hr. 

Flying  time 5  hr.  5  min. 


Starting  Engine 
NO  DIFFICULTY 
Skis — Remarks — E  Type. 
Performance  good  considering  surface  con- 
ditions. 


Time 
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Temperatures 

Oil  Pressure 

Cylindi 
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Cooler 

Cooler 
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No.  1 

No.  4 

No.  7 
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Ft. 
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R.P.ISI. 
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24 

24 

18 

62 

11 

380 
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-2 
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1-35 

34 

30 

24 

(•)() 

9 
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.380 
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85 
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-4 
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2-55 

36 

32 

27 

60 

9 

420 
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83 

2000 

-7 

1860 

4-35 

40 

35 

29 

59 

9 
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77 

3000 
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1820 
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42 

37 

30 

5S 

S 

440 

390 
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75 

4000 

-8 

1820 

8-20 

45 

39 

30 

5S 

8 

440 
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73 
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-8 

1830 

10-15 

48 

41 

31 

58 
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3S0 
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74 

6000 

-8 

1840 
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43 

32 
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-7 
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44 

34 

57 

7 

410 

360 
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8000 
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17-45 

53 

45 

35 

56 

/ 
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360 

380 

73 

9000 

-6.5 
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54 

44 
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57 

7 

400 
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72 
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Note:  Oil  temperature  dropped  to  48deg.  Cent,  in  15  min.  cruising  1,750  r.p.ni.,  Air  Speed  Indicator,  76  m.p.h.  at  10,000  ft. 
Cooler  and  engine  shutters  open. 
Head  temperatures  after  15  min.  cruising — No.  1     No.  4     No.  7 


400 


340 


360 


Full  throttle  climb  to  10,000  ft.,  ground  temp.  -2  deg.  Cent.    Marvelube  A-2  Special  Oil.     Date,  March  13,  1933.     Kngine  and  cooler 
shutters  open.     Mixture  control  adjusted  for  best  running.     Aircraft  on  skis. 

APPENDIX  II 
Technical  Memorandum  No.  104 

Issued  by 

Aeronautical  Engineering  Division 

Department  of  National  Defence 

LUBRICATION  OF  AERO  ENGINES 


1.  The  wide  range  of  climatic  conditions  which  are 
encountered  in  different  parts  of  the  Dominion  of  Canada 
has  necessitated  extensive  experimental  work  by  the  Depart- 
ment of  National  Defence  with  the  object  of  developing  a 
general  technique  to  meet  the  requirement  of  aero  engine 
operation  under  extreme  temperature  conditions,  with  par- 
ticular reference  to  extreme  cold. 

2.  For  the  purposes  of  this  memorandum  it  will  be 
assumed  that  the  chemical  properties  of  lubricants  are  not 
under  discussion  and  that  the  physical  properties  including 
the  elusive  property  best  described  as  "oiliness"  are  accept- 
able. The  physical  characteristic  known  as  viscosity  then 
stands  out  as  having  a  ruling  influence  on  lubrication. 

3.  In  explanation  of  viscosity  the  following  quotation 
from  Glazebrook's  Dictionar}-  of  Applied  Physics  will  serve 
admirably : 

"When  relative  motion  exists  between  neighbour- 
ing portions  of  the  same  fluid,  a  measurable  resist- 
ance to  the  relative  motion  can  be  observed  and 
affords  a  proof  that  actual  fluids  are  capable  of 
sustaining  shearing  stresses;  the  fluid  is  said  to 
exhibit  the  property  of  viscosity  or  internal  fric- 
tion." 
The  relation  between  the  shearing  stress  in  a  fluid  and 
the  rate  of  distortion   (or  flow)   of  the  fluid  is  known  as 
the  coefficient  of  viscosity  and  it  is  useful  to  regard  this 


coefficient  as  a  state  rather  than  as  a  property  or  char- 
acteristic because  it  varies  with  temperature.  It  is  then 
easy  to  understand  that  a  lubricant  must  not  only  possess 
the  right  properties,  but  must  be  in  the  right  state  in  order 
to  perform  its  functions  satisfactorily. 

4.  In  any  given  aero  engine  the  oil  feed  pump  and 
relief  valve  are  designed  to  work  within  fairly  well  defined 
limits,  that  is  to  say  the  applied  shearing  stress  which 
creates  the  flow  of  lubricant  is  approximately  fixed  and 
consequently  for  a  given  range  of  flow  the  coefficient  of 
viscosity  must  also  remain  within  fixed  limits.  If  the 
coefficient  of  viscosity  is  too  high  the  flow  will  be  too  small 
and  though  the  oil  film  in  the  plain  bearings  may  be  strong 
enough  to  take  the  bearing  pressure  there  will  not  be 
enough  oil  spilt  to  lubricate  the  cylinders  and  pistons. 
Conversely  if  the  coefficient  of  viscosity  is  too  low  there 
will  be  too  much  spillage  and  the  plain  bearings  will  be 
starved.  Departure  from  the  range  of  viscosity  accepted 
in  general  practice  would  necessitate  alteration  of  the  oil 
feed  pump  and  of  the  clearances  in  the  engine. 

5.  As  correct  lubrication  depends  on  rate  of  flow  at 
a  given  pressure  and  as  the  rate  of  flow  depends  upon  the 
coefficient  of  viscosity  which  in  turn  depends  on  temperature 
it  will  be  clear  that  the  oil  pressure  gauge  and  temperature 
gauge  provide  approximate  but  quite  adequate  means  of 
supervision  of  the  state  of  the  lubricant  in  the  engine. 
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Fig.  6. — Viscosity  and  temperature  for  various  oils. 
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6.  Nearly  all  engine  manufacturers  issue  recommenda- 
tions concerning  the  grade  of  oil  and  the  corresponding 
temperature  and  pressure  found  by  experience  to  be  suitable 
for  their  engines.  It  must  be  borne  in  mind  that  a  state- 
ment of  recommended  oil  temperature  means  nothing  at  all 
if  it  is  not  accompanied  by  a  complementary  statement  of 
the  grade  of  oil,  but  if  the  whole  information  is  given  the 
correct  state  of  the  lubricant  in  the  working  engine  can  be 
inferred,  and  the  inference  may  be  used  with  intelligence 
and  discretion  in  the  deliberate  variation  of  temperature 
with  grade  to  meet  different  atmospheric  conditions. 

7.  The  accompanying  chart  A.S.S.  138  (Fig.  6)  shows  the 
relationship  between  Saybolt  viscosity  and  temperature  for 
a  number  of  well  known  oils.  A  Centigrade  scale  is  given  at 
the  top  and  a  Fahrenheit  scale  at  the  bottom.  Study  of 
the  chart  will  show  that  the  permissible  range  of  viscosity 
is  wide,  and  that  the  oil  for  curve  "A"  will  have  the  same 
state  of  viscosity  at  120  degrees  F.  as  the  oil  for  curve  "H" 
at  172  degrees  F.  Actually  it  will  be  found  that  most  aero 
engines  work  very  near  the  lower  boundary  of  the  operating 
zone,  and  it  is  quite  possible,  and  even  probable,  that  this 
boundary  will  be  lowered,  but  the  Department  has  no 
experience  so  far  to  justify  such  action  immediately.  The 
modern  automobile  works  much  lower  down,  but  seldom 
works  continuously  at  high  throttle  openings.  The  chart 
has  been  prepared  for  oil  inlet  temperatures,  and  the 
preferred  position  for  the  oil  temperature  gauge  is  in  the 
inlet  line,  as  this  gives  a  more  direct  indication  of  the  state 
of  the  oil  entering  the  lubrication  system.  A  rough  assump- 
tion has  been  made  that  the  outgoing  oil  is  20  degrees  F. 
hotter  than  the  ingoing  oil,  but  this  may  not  be  even  nearly 
correct  in  some  installations,  and  it  is  strongly  recom- 
mended that  owners  should  check  this  for  themselves  if 
their  aircraft  happen  to  be  fitted  with  a  temperature 
gauge  on  the  outgoing  oil  line  only. 

8.  During  periods  of  abnormally  high  atmospheric 
temperature  the  cooling  of  the  whole  oil  system  will  be 
reduced  and  the  temperature  of  the  oil  stream  increased. 
The  drop  in  viscosity  corresponding  to  the  increased  tem- 
perature increases  the  flow  through  the  engine  with  a 
further  increase  in  the  temperature  of  the  oil  stream. 
Provided  that  a  stable  condition  of  oil  temperature  and 
viscosity  within  the  limits  of  the  chart  is  obtained  without 
appreciable  loss  of  oil  pressure  the  engine  may  be  operated 
safely  though  an  increase  of  oil  consumption  is  to  be 
expected.  Recourse  may  be  had  to  an  oil  of  higher  viscosity 
if  120  sec.  oil  Ref.  No.  34A/15  is  not  already  in  use.  It  is 
not  considered  desirable  to  use  oil  of  viscosity  greater  than 
120-125  sees,  as  any  advantage  gained  during  full  throttle 
operation  or  when  climbing  will  be  more  than  offset  by  a 
sudden  change  from  the  abnormal  atmospheric  conditions, 
and  during  warming  up.  Failure  to  obtain  stable  condi- 
tions of  temperature,  within  the  limiting  temperature 
range,  in  the  oil  stream  even  in  abnormal  high  atmospheric 
temperatures  may  be  taken  as  an  indication  of  defect  in 
the  installation  and  should  be  reported  as  such. 

9.  Extensive  warming  up  periods,  during  cold  weather 
may  be  accompanied  by  excessive  wear  of  cylinder  walls 
and  pistons  with  a  certain  amount  of  "scuffing"  of  the 
surfaces  which  will  result  in  further  wear  when  the  engine 
is  placed  on  load  and  reduction  in  the  life  of  the  engine 
to  a  greater  extent  than  occurs  during  summer  flying  opera- 
tions. Several  methods,  which  may  l)e  used  separately  or 
together,  are  available  for  preventing  this  trouble;  viz.: 

(a)  Change  of  oil  to  a  lighter  grade,  when  the  normal 
cooling  effect  of  the  system  is  such  that  the  desired 
viscosity  of  the  oil  going  into  the  engine  can  be 
maintained. 

(b)  Similar  to  (a)  but  to  a  lesser  degree  by  addition 
of  oil  of  a  lower  viscosity,  to  that  already  in  the 


system.  This  method  should  be  confined  to  oils 
of  the  same  brand  as  it  is  not  desirable  that  castor 
or  castor  compounded  oils  be  added  to  mineral 
oils. 

(c)  On  training  aircraft  operated  in  the  vicinity  of  an 
aerodrome  the  minimum  quantity  of  oil  permitted 
by  the  engine  manufacturer  plus  the  amount  of 
the  estimated  consumption  for  a  convenient  period 
of  flight  may  be  used  to  provide  a  more  rapid 
flow  with  correspondingly  shorter  time  required 
for  warming  up. 

(d)  Preheating  the  oil. 

10.  Outside  the  engine  a  good  lubrication  system 
should  include  an  oil  tank,  or  tanks  well  protected  from 
the  warm  air  from  the  engine  and  from  the  cold  atmosphere, 
and  a  controllable  oil  cooler  in  the  scavenge  line.  The  cooler 
should  be  of  such  a  capacity  as  to  keep  the  oil  temperature 
under  the  pilot's  control  over  a  considerable  range  of  atmo- 
spheric temperature.  In  this  way  two  or  three  grades  of  oil 
may  be  made  to  do  for  the  entire  climatic  variation  in 
Canada  throughout  the  year.  On  aircraft  not  fitted  with 
oil  coolers  it  will  probably  be  necessary  to  use  a  greater 
number  of  grades  of  oil.  On  wet  sump  engines  the  varia- 
tion of  grade  from  that  recommended  by  the  manufacturer 
must  be  done  with  great  caution,  for  though  it  is  most 
desirable  in  cold  weather  to  use  a  low  viscosity  oil  for 
starting,  it  must  be  remembered  that  when  running  the 
wet  sump  engine  is  not  affected  by  outside  conditions  to 
the  same  extent  as  a  dry  sump  engine,  and  the  upper 
temperature  limit  of  the  oil  is  not   controllable. 

11.  The  Department's  experience  with  aircraft  having 
common  types  of  radial  air  cooled  engines  up  to  425  h.p. 
and  controllable  oil  coolers  is  that  63  sec.  oil  (curve  "B" 
on  the  chart)  remains  fluid  at  20  degrees  F.  below  zero, 
and  can  be  safely  used  up  to  an  atmospheric  temperature 
of  32  degrees  F.,  and  that  the  95  sec.  oil  (curve  "G")  is 
satisfactory  for  the  upper  range  of  atmospheric  tem- 
peratures, except  for  really  abnormal  hot  weather.  In 
radial  engines  without  oil  coolers  it  is  thought  to  be  ad- 
visable to  change  to  75  sec.  oil  (curve  "D")  for  the  atmo- 
spheric range  0  degree  F.  to  32  degrees  F.  For  tem- 
peratures below  —20  degrees  F.  63  sec.  oil  should  be 
warmed  before  starting  up,  but  as  it  is  probably  necessary 
to  warm  the  engine  anyway  to  get  a  start,  the  one  source 
of  heat  may  be  enough  to  heat  the  oil  in  the  tanks  as 
well  as  to  heat  the  engine. 

12.  The  primary  reason  for  oil  changing  is  to  remove 
the  solid  matter  which  accumulates  in  the  oil  system.  A 
portion  of  this  material  will  settle  out  while  the  remainder 
is  held  in  suspension.  It  is  doubtful  if  the  particles  which 
are  fine  enough  to  be  held  in  suspension  are  sufficiently 
large  to  cause  damage  to  the  bearing  surfaces,  but  the 
sediment  is  agitated  by  circulation  of  the  oil  and  may 
contain  particles  of  considerable  size  though  sufficiently 
small  to  pass  the  oil  strainer  screen.  The  most  serious 
result  of  this  sediment  is  its  precipitation  in  the  crank 
pins  by  centrifugal  action  and  the  possible  sealing  of  the 
oil  channels  to  the  connecting  rod  big  end  bearings  which 
also  cuts  off  the  supply  to  the  cylinders  and  pistons.  Oil 
changing,  when  necessary,  should  take  place  immediately 
after  the  engine  has  been  run,  to  minimize  the  quantity 

of  sediment  remaining  in  the  system.     Twenty   (-| 5) 

hours  flying  is  a  safe  period  between  oil  changes  for  present 
engine  installations,  based  on  normal  operation.  It  is 
reasonable  to  use  a  shorter  period  when  conditions  of 
operation  have  been  abnormal,  that  is,  long  periods  of  full 
power,  overheating,  etc.,  and  on  training  aircraft  operated 
from  sandy  or  dusty  aerodromes. 

E.  W.  Stedman,  Group  Captain, 

Chief  Aeronautical  Engineer,  R.C.A.F. 
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Addendum 
1.  With  reference  to  paragraphs  6,  9,  10,  and  11,  of 
this  Memorandum,  it  is  desired  to  emphasize  that  they  are 
in  no  way  intended  to  i)rompt  any  departure  which  would 
not  meet  with  the  full  approval  of  the  engine  manufacturers. 
Operators  are,  on  the  contrary,  advised  to  maintain  the 
closest  touch  with  the  manufacturers  of  their  engines  con- 
cerning the  problems  under  discussion,  and  they  should 
understand  clearly  that  the  full  benefit  of  the  use  of  lighter 
grades  of  oil  cannot  be  achieved  without  the  use  of  an 
adequate  controllable  oil  cooler. 


APPENDIX  III 

WBKiHTS    OK    AN    KxiSTIN(J    EnCJINE    WaKMING    EQUIPMENT 

Engine  cover 28  pounds 

Chimney  and  tliciiiionieter 19 

Chimney  base  and  |)iinni«  stove S 

Lighting  stand 5 

Hexible  piping >i 

Auxihaiy  primus  l)urner 4 

CasoHne  container  (pressure  vessel) IS*  fempty) 

Methylated  spirit ...       1 

Oil  container 17* 


*Capable  of  reduction  by  redesign. 


103  pounds 
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Winter  Landing  Gear  for  Aeroplanes 

Winter  flying  in  Canada  has  now  increased  to  such  an 
extent  that  there  is  probably  no  other  country  in  the 
world  to-day  where  adequate  equipment  for  flying  in  the 
winter  season  is  a  greater  necessity.  Accidents,  it  is  true, 
have  been  comparatively  few,  but  many  practical  diffi- 
culties are  encountered  and  aircraft  operators  are  interested 
in  any  means  for  improving  the  winter  performance  of 
their  machines. 

In  this  country  special  precautions  have  of  course  to 
l)e  taken  in  engine  operation  under  low  temperature  con- 
ditions, but  serious  trouble  may  also  arise  in  landing  or 
taking  off  from  snow  or  ice,  not  only  in  the  depth  of  winter, 
but  also  in  the  spring,  when  the  ground  is  bare  and  perhaps 
soft  in  some  plac^es,  and  in  others  still  covered  with  snow. 
Some  form  of  landing  gear  incorporating  skis  in  place  of 
wheels  is  therefore  necessary,  and  it  is  difficult  to  devise 
landing  gear  of  this  type  which  will  be  equally  serviceable 
in  all  snow  conditions. 

As  a  result  of  prolonged  experiments,  these  difficulties 
have  been  largely  overcome.  With  any  form  of  ski,  how- 
ever, it  is  found  that  the  air  resistance  due  to  such  landing 
gear  is  high,  and  a  very  considerable  decrease  in  per- 
formance results  when  wheels  are  replaced  by  skis. 

Elsewhere  in  this  issue  there  appears  a  paper  on  the 
winter  operation  of  aero  engines.  It  would  therefore  seem 
appropriate  to  comment  on  a  report*  recently  issued  by 
the  National  Research  Jiaboratories  on  the  Aerodynamic; 
Characteristics  of  Aircraft  Skis. 

This  report  covers  systematic  tests  carried  out  in 
collaboration  with  the  Department  of  National  Defence, 
the  Ontario  Provincial  Air  Service  and  companies  operating 

♦The  Aerodynamic  Characteristics  of  Aircraft  Skis  and  the  Develop- 
ment of  an  Improved  Design,  f)y  J.  J.  f  ireen  and  C  J.  Klein. 


aircraft  in  Canada,  which  have  measured  these  aerodynamic 
losses  and  have  also  indicated  that  the  pitching  moments 
of  the  skis  now  in  use  give  rise  to  serious  problems  in 
trimming  gear  design. 

It  is  apparent  that  the  present  practice  of  incor- 
porating a  heavy  trimming  gear  in  the  form  of  shock  cords 
and  check  cables  attached  to  the  front  and  rear  of  skis 
entails  extra  air  resistance.  In  fact,  this  alone  is  responsible 
for  some  thirty-three  per  cent  of  the  total  minimum  drag 
of  the  ski  and  its  trimming  gear. 

The  difficulties  to  be  overcome  in  developing  an 
improved  design  of  ski  were  many,  as  it  was  necessary  not 
only  to  reduce  air  resistance  but  also  to  reduce  the  mag- 
nitude of  the  unstable  pitching  moments  in  order  that 
some  form  of  internal  trimming  gear  might  be  used  and 
thus  avoid  the  use  of  exterior  cables.  So  well  have  the 
investigators  succeeded,  however,  that  a  new  design  of 
stream-lined  ski  has  been  developed  which  allows  an 
eighty-two  per  cent  reduction  in  drag  and  has  greatly 
improved  pitching  moment  characteristics. 

The  result  of  these  investigations  has  been  that 
definite  recommendations  have  been  made  with  regard 
to  the  design  of  winter  landing  gear,  in  order  that  the  full 
advantage  offered  by  the  new  stream-lined  ski  may  be 
realized.  The  main  points  of  these  recommendations  are 
that  the  ski  pedestal  should  be  of  the  rigid  type  and  should 
be  used  in  conjunction  with  a  specially  designed  ski  under- 
carriage. If  this  special  carriage  is  not  possible  the  shock 
absorbing  unit  of  the  under  carriage  in  use  should  be 
capable  of  a  double  range  adjustment,  and  finally  the  ski 
trimming  gear  should  be  enclosed  in  the  ski  itself. 

The  results  of  the  actual  service  tests  to  be  carried 
out  on  the  Department  of  National  Defence  Hawker 
Audax  plane  using  the  improved  design  of  ski  will  be 
awaited  with  interest. 

Subsurface  Exploration  at  Shallow  Depths 

In  the  extensive  programme  of  highway  construction 
which  is  being  carried  out  in  the  United  States  the  need  has 
arisen  for  a  rapid  method  of  determining  subsurface  con- 
ditions without  the  expense  and  delay  caused  by  boring 
or  sinking  test  pits.  The  location  of  gravel  deposits,  the 
classification  of  material  likely  to  be  encountered  in  excava- 
tion along  the  proposed  route,  and  the  depth  at  which 
consolidated  rock  will  probably  be  found,  are  examples  of 
the  kinds  of  problem  which  occur,  and  marked  progress 
has  recently  been  made  in  the  application  of  geophysical 
methods  to  their  solution.  The  highway  engineer  has  to 
deal  with  the  materials  existing  at  shallow  depths,  and  it 
has  V)een  found  that  the  technique  employed  in  deep 
geophysical  work  can  be  considerably  simplified. 

Experimental  work  on  geophysical  methods  of  deter- 
mining earth  character  at  shallow  depths  has  been  under 
review  by  the  United  States  Bureau  of  Roads  during  the 
past  two  years  and  progress  has  now  been  reported.* 

Two  methods  have  been  under  test;  the  electrical 
resistivity  method  and  the  seismic  method  and  the  prac- 
tica])ility  of  the  latter  for  normal  foundation  operations 
has  been  demonstrated. 

Though  well  established  for  deep  geological  determi- 
nations, the  seismic  method  has  been  handicapped  for 
liighway  work  and  the  planning  of  foundations  for  bridges 
and  other  structures  by  the  heavy  equipment  commonly 
used.  It  has  now  been  found  possible,  however,  to  sim- 
plify this  equipment  and  make  it  easily  mobile  and  adapt- 
al)le  to  rapid  work. 


♦Subsurface  Exploration  by  Earth  Resistivity  and  Seismic  Method.s, 
Division  of  Tests,  U.S.  Bureau  of  Public  Roads. 
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In  the  seismic  method  of  exploration  the  wide  difference 
in  the  acoustic  properties  of  plastic  and  granular  matter 
and  rigid  or  consolidated  matter  is  utilized.  Sand,  clay  or 
gravel  transmit  wave  disturbances,  sound  waves,  at  veloc- 
ities of  1,000  to  (),000  feet  per  second,  while  rigid  materials 
such  as  rock,  transmit  disturbances  at  1(),000  to  20,000  feet 
per  second.  Here,  therefore,  is  a  means  of  measuring 
directly  that  property,  namely  rigidity,  with  which  the 
engineer  is  concerned,  while  the  resistivity  method  measures 
this  property  indirectly,  or  through  its  relation  to  electrical 
resistivity. 

The  seismic  method  would  a[)pear  more  definite  in  the 
identification  of  solid  rock  than  is  the  resistivity  method, 
but  cannot  readily  be  used  to  distinguish  between  clay  and 
coarse  sand  or  gravel  as  can  often  be  done  with  the  latter 
method. 

While  experimental  and  limited  to  one  locality,  the 
results  of  work  with  the  seismograph  have  pi'oved  so 
promising  that  there  Avould  appear  to  be  little  doubt  as 
to  its  ultimate  value  in  the  study  of  subsurface  formations. 

The  Duggan  Medal  and  Prize 

George  Herrick  Duggan,  d.sc,  ll.d.,  m.e.i.c,  the 
donor  of  the  recently  established  Duggan  medal  and  prize, 
graduated  from  the  University  of  Toronto  in  1883,  and 
commenced  his  engineering  career  with  the  Canadian  Pacific 
Railway  Company.  In  1886  he  joined  the  staff  of  the 
Dominion  Bridge  Company,  and  was  appointed  chief  en- 
gineer in  1891.  In  1901  Mr.  Duggan  became  assistant  to 
the  president  of  the  Dominion  Iron  and  Steel  Company 
and  the  Dominion  Coal  Company,  and  was  promoted  to 
second  vice-president  and  general  manager  of  the  Dominion 
Coal  Company  in  1904.  In  1910  he  returned  to  the 
Dominion  Bridge  Company  as  chief  engineer,  and  later 
became  general  manager  and  vice-president,  being  ap- 
pointed president  in  1918,  which  office  he  still  holds. 

Mr.  Duggan  joined  the  Canadian  Society  of  Civil 
Engineers  as  an  Associate  Member  in  March   1888  and 


G.  11.  Duggan,  D.Sc,  LL.D.,  M.E.LC. 

was  elected  a  Member  in  1890.  He  served  on  Council  for 
nine  years,  was  vice-president  for  five  years,  and  President 
in  1916,  and  was  the  recipient  of  the  Sir  John  Kennedy 
Medal  in  1931. 

He  is  vice-president  of  the  Royal  Bank  <jf  Canada, 
and  director  of  numerous  C^anadian  organizations,  includ- 
ing the  Steel  Company  of  Canada,  the  Dominion  Steel  and 


Coal  Corporation,  the  Montreal  Trust  Company  and  the 
Wayagamack  Pulp  and  Paper  Company. 

Mr.  Duggan  is  a  Doctor  of  Science,  and  received  the 
honorary  degree  of  LL.D.  from  both  McCill  and  Queen's 
Universities. 

Rules  Governing  the  Award 

A  prize  of  a  medal  and  cash  to  a  combined  value 
of  approximately  $100.00  will  be  given  each  year,  from  the 
proceeds  of  a  donation  by  Past-President  G.  H.  Duggan, 
D.Sc,  LL.D.,  M.E.I.C,  for  the  purpose  of  encouraging  the 
development  of  the  branches  of  engineering  in  which  he 
practised. 

The  prize  shall  be  awarded  for  the  best  paper  presented 
to  The  Institute  in  accordance  with  the  following  rules:— 

1.  Competition  shall  be  open  to  all  members  of  The 
Institute. 

2.  The  papers  shall  be  presented  to  The  Institute 
either  at  the  regular  meeting  of  a  branch  or  at  a 
professional  meeting  of  The  Institute,  or  directly  to 
Headquarters.  They  shall  not  have  been  presented 
previously  to  any  other  body  or  meeting. 

3.  Papers  to  be  eligible  for  this  competition  shall  deal 
with  such  subjects  as  arise  in  that  sphere  of  con- 
structional engineering  which  concerns  the  use  of 
metals  in  moulded  or  fabricated  shape  for  structural 
or  mechanical  purposes.  Without  limiting  the 
generality  of  the  foregoing,  it  is  suggested  that 
papers  describing  works  should  deal  with  the 
economic  and  theoretical  elements  of  design, 
fabricating,  machining,  transporting,  erecting,  prob- 
lems solved,  methods  of  overcoming  difficulties 
and  other  interesting  features. 

There  will  also  be  admitted  to  the  competition 
papers  describing  new  methods  or  the  recording  of 
important  tests  that  add  to  engineering  knowledge. 

4.  Papers  shall  be  the  bona-fide  production  of  the 
author  and  proper  credit  shall  be  given  for  any 
assistance  received  from  other  parties,  partners  or 
reports.  The  relation  of  the  author  to  the  work 
shall  be  clearly  stated.  Papers  shall  be  compiled 
and  arranged  with  proper  regard  to  literary  value 
and  shall  constitute  worthy  contributions  to  the 
records  of  the  engineering  profession. 

In  judging  the  competition  consideration  will  be 
given  to  the  personal  knowledge  and  appreciation  of 
the  problems  and  processes  involved  and  the  joint 
application  of  theoretical  and  practical  considera- 
tions to  the  execution  of  the  subject  which  are 
displayed  on  the  part  of  the  author. 

5.  The  papers  shall  be  judged  by  a  committee  of  three 
corporate  members,  eminent  in  the  corresponding 
branch  of  the  profession,  appointed  for  the  purpose 
by  Council  as  required. 

6.  The  award  shall  be  made  only  when  a  paper  of 
sufficient  merit  is  presented.  The  prize  year  shall 
be  from  July  1st  to  June  30th  and  papers  must  be 
presented  to  Headquarters  of  The  Institute  by  the 
30th  day  of  June. 

7.  The  prize  shall  be  awarded  at  the  Annual  Meeting. 

Annual  Meeting  1936 

At  the  meeting  of  Council  held  on  June  18th,  1935, 
the  invitation  of  the  Hamilton  Branch  to  hold  the 
Fiftieth  Annual  General  and  General  Professional  Meeting 
of  The  Institute  at  Hamilton  in  February,  1936,  was 
accepted  with  appreciation. 
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OBITUARIES 

Reginald  Walter  Brock,  M.E.I.C. 

Widespread  regret  will  be  felt  at  the  death  of  Reginald 
Walter  Brock,  m.e.i.c,  which  occurred  in  an  aeroplane 
crash  at  Alta  Lake,  B.C.,  on  July  30th,  1935,  when  the 
plane  nose-dived  shortly  after  a  take-off. 

Dean  Brock  was  born  at  Perth,  Ont.,  on  January  10th, 
1874,  and  graduated  from  Queen's  University,  Kingston, 
in  1895,  with  the  degree  of  M.A.  He  later  did  post  graduate 
work  at  Heidelberg  University.  From  1902  until  1907  he 
was  a  professor  at  Queen's  University,  and  in  1907  he  was 
appointed  director  of  the  Geological  Survey  of  Canada.  In 
collaboration  with  F.  L.  Congdon,  Dean  Brock  prepared  the 
draft  which  forms  the  basis  of  Canadian  mining  laws.  In 
1914  he  served  as  deputy  minister  of  Mines  at  Ottawa,  and 
resigned  from  that  office  to  become  Dean  of  Applied 
Science  at  the  University  of  British  Columbia,  at  Vancou- 
ver, which  appointment  he  held  until  the  time  of  his  death. 
He  had  been  on  leave  of  absence  from  the  University  since 
December,  1934,  when  he  was  appointed  chairman  of  the 
Vancouver  Board  of  Harbour  Commissioners. 

Dean  Brock  organized  the  196th  Battalion,  known  as 
the  Western  Universities,  and  served  under  Ceneral 
Allenby  in  Palestine  and  Syria  with  distinction,  bearing  the 
rank  of  Major.  At  the  time  of  his  death  he  was  Lieutenant- 
Colonel,  and  officer  in  command  of  the  72nd  Highlanders, 
Vancouver. 

For  more  than  ten  years.  Dean  Brock  and  his  associates 
at  the  University  were  engaged  in  making  a  geological 
survey  of  the  Island  of  Hong  Kong  for  the  British  govern- 
ment, and  in  1933  he  had  leave  of  absence  from  the  Univer- 
sity to  complete  the  task. 

He  possessed  the  degrees  and  honours  of  LL.D., 
(Queen's  University,  1921),  LL.D.,  (Hong  Kong),  F.G.S., 
and  F.R.S.C.  He  was  internationally  known  as  one  of  the 
greatest  geologists  in  the  history  of  Canada. 

Dean  Brock  held  at  various  times  the  following  of- 
fices: vice-president  of  the  American  Society  for  the  Ad- 
vancement of  Science,  general  secretary  of  the  Inter- 
national Geological  Congress,  and  royal  commissioner  for 
the  Frank,  Alta.,  landslide.  In  May  of  this  year  he  was 
elected  president  of  the  Royal  Society  of  Canada. 

He  became  a  Member  of  The  Institute  on  June  7th, 
1924. 

Frank  Henry  Pitcher,  M.E.I.C. 

Deep  regret  is  expressed  in  placing  on  record  the  death 
at  Montreal  on  August  21st,  1935,  of  Frank  Henry  Pitcher, 

M.E.I.C. 

Mr.  Pitcher  was  born  at  Montreal  on  December  21st, 
1872,  and  graduated  from  McGill  University  in  1897  with 
the  degree  of  M.Sc. 

In  the  years  1894-1899  Mr.  Pitcher  was  a  demonstrator 
and  lecturer  in  physics  at  McGill  University,  and  in  the 
latter  year  he  joined  the  staff  of  the  Montreal  Water  and 
Power  Company  as  engineer.  In  1900  he  was  appointed 
chief  engineer  of  the  company,  holding  that  office  until 
1903  when  he  became  general  manager  and  chief  engineer. 
He  retired  in  1926. 

Mr.  Pitcher  joined  The  Institute  (then  the  Canadian 
Society  of  Civil  Engineers)  as  an  Associate  Member  on 
October  9th,  1902,  and  on  October  24th,  1924,  became  a 
Member. 

PERSONALS 

Lieut. -Colonel  J.  P.  B.  Dunbar,  a. m.e.i.c,  formerly 
engineer  officer  of  Military  District  No.  5,  Quebec,  Que., 
has  been  appointed  to  Military  District  No.  6,  Halifax, 
N.S.,  as  A.A.  and  Q.M.G. 


Lieut.-Commander  A.  C.  M.  Davy,  r.c.n.,  a.m. e. i.e., 
formerly  engineer  officer  (D)  Western  Division,  H.M.C.S. 
Skeena,  at  Esquimalt,  B.C.,  is  now  attached  to  H.M.C.S. 
Stadacona,  at  the  Naval  Dockyard,  Halifax,  N.S. 

G.  R.  Davidson,  s.e.i.c,  has  received  his  commission 
as  lieutenant  in  the  Royal  Canadian  Army  Service  Corps, 
and  is  stationed  at  Wolseley  Barracks,  London,  Ont.  Mr. 
Davidson  graduated  from  the  Royal  Military  College, 
Kingston,  this  year. 

R.  H.  Reid,  a. m.e.i.c,  has  joined  the  staff  of  Brunner 
Mond,  Canada,  Limited,  at  Toronto,  Ontario.  Mr.  Reid 
was  fonnerly  on  the  engineering  staff  of  the  Beauharnois 
Construction  Company  at  Beauharnois,  Que. 

J.  C.  Aitkens,  Jr. e. i.e.,  who  graduated  from  the  Univer- 
sity of  Manitoba  in  1933  with  the  degree  of  B.Sc,  is  with 
the  Water  Development  Committee  at  Swift  Current,  Sask. 

J.  H.  Wallis,  A. m.e.i.c,  is  now  manager  of  the  Dominion 
Engineering  Company  Limited.  He  retains  the  position 
of  general  manager  of  Dominion  Hoist  and  Shovel  Com- 
pany Limited,  as  well  as  his  interest  in  Dominion  Welding 
Engineering  Company  Limited,  as  director.  Mr.  Wallis 
has  been  engagecl  in  engineering  work  in  Canada  since 
1910,  his  early  work  being  land  surveys,  railway  surveys 
and  construction.  In  August  1914  he  enlisted  for  overseas 
service  as  a  private  with  the  British  Expeditionary  Force, 
and  throughout  the  war  served  overseas  with  distinction 
In  July,  1915,  he  received  his  commission  as  lieutenant,  in 
1916  that  of  captain  and  in  the  following  year  that  of 
major.  Following  his  return  to  Canada  in  1919,  Mr. 
Wallis  entered  the  service  of  the  Canadian  Pacific  Railway 
Company  on  maintenance-of-way  on  the  International  of 
Maine  division.  In  June,  1920,  he  was  appointed  assistant 
with  the  Department  of  Railways  in  connection  with  the 
Grand  Trunk  arbitration,  and  later  in  that  year  joined  the 
engineering  staff  of  the  Canada  Creosoting  Company  in 


J.  H.  Wallis,  A.M.E.I.C. 

Toronto.  Subsequently  he  was  appointed  supply  engineer 
with  the  Riordon  Pulp  Corporation  Ltd.,  at  Temiskaming, 
Que.,  and  following  the  acquisition  of  this  company  by  the 
(-anadian  International  Paper  Company,  he  was  trans- 
ferred to  the  construction  department  in  charge  of  the 
purchase  of  equipment  and  materials  for  the  extension  of 
the  mill.  Mr.  Wallis  was  later  manager  of  purchasing  for 
the  St,  Anne  Paper  Company  Limited,   and  the  Murray 
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Bay  Paper  Company  Limited,  resigning  that  position  in 
1928  to  take  over  the  management  of  the  newly  organized 
Dominion  Wekling  Engineering  Company  Limited.  In 
1931  he  became  general  manager  of  Dominion  Hoist  and 
Shovel  Company  Limited. 

H.  A.  Crombie,  a.m.e.i.c,  has  been  appointed  as- 
sistant manager  of  the  Dominion  Engineering  Company. 
Mr.  Crombie  was  educated  at  Westmount  Academy  and 


CORRESPONDENCE 


H.  A.  Crombie,  A.M.E.I.C. 

McGill  University,  liis  university  course  being  inter- 
rupted by  service  in  France  with  the  Canadian  Engineers. 
He  was  invalided  home  in  1917,  and  resumed  his  studies, 
graduating  with  the  degree  of  B.Sc.  in  1918.  Mr.  Crombie 
then  spent  a  year  on  the  staff  of  the  Canadian  AUis  Chal- 
mers Ltd.,  in  Toronto,  and  was  also,  for  a  short  time  in  the 
service  of  the  Canadian  National  Railways.  He  joined 
the  staff  of  the  Dominion  Engineering  Company  when  that 
company  was  formed  in  1920,  and  in  1933  was  appointed 
sales  manager. 

Chemical  Engineering  Congress 

The  Chemical  Engineering  Congress  of  the  World 
Power  Conference  is  to  be  held  in  London,  England,  on 
June  22nd  to  27th,  1936.  The  holding  of  an  international 
congress  of  chemical  engineering  has  been  in  contemplation 
for  several  years,  and  it  has  now  been  made  possible  by  the 
co-operation  of  the  World  Power  Conference  organization. 

The  Congress  has  the  support  of  practically  all  organ- 
ations  in  Great  Britain  associated  with  chemical  engineering, 
which  substantial  support  should  enable  the  Congress  to  be 
conducted  with  efficiency  and  success. 

The  Canadian  Committee  of  the  World  Power  Con- 
ference, of  which  the  chairman  is  Dr.  Charles  Camsell, 
M.E.I. c,  will  be  pleased  to  facilitate  the  participation  of 
The  Engineering  Institute  of  Canada  in  the  Congress. 

This  programme  is  being  brought  to  the  attention  of 
the  leading  chemical  industries  in  Canada  with  a  view  to 
securing  appropriate  papers.  The  technical  programme  may 
be  classified  under  the  following  main  headings,  which, 
however,  does  not  necessarily  indicate  the  scope  of  the 
Congress:  Chemical  Engineering  Projects;  Chemical  En- 
gineering Plant  Construction;  Fuel,  Heat  and  General 
Problems  in  Chemical  Engineering;  Administration  and 
Works  Organization  in  Chemical  Engineering;  Trend  of 
Development  in  Chemical  Engineering,  and  General 
Aspects. 


The  Editor,  Toronto,  Ont. 

The  Kncsineeking  Journal,  .July  2.'Jth,  1935. 

Montreal. 

Sir:— 

During  this  autumn  and  the  coining  winter  there  will,  no  doubt, 
be  many  members  of  The  Institute  travelling  on  business  or  pleasure 
throughout  Canada.  Council  has  suggested  that  advantage  might  be 
taken  of  this  by  asking  such  members  to  make  arrangements  to  call 
on  as  many  branches  as  their  itinerary  would  permit.  Those  who 
assisted  in  this  way  could  discu.ss  Institute  matters  or  pre.sent  papers. 
This  applies  particularly  to  those  branches  so  situated  that  interesting 
papers  are  difficult  to  obtain. 

It  was  felt  that  much  benefit  would  result  from  such  visits  and 
I  am  taking  the  liberty,  through  The  Journal,  of  asking  all  members 
who  contemplate  trips  to  communicate  either  with  the  General  Secretary 
or  with  me,  giving  their  proposed  itineraries  so  that  the  different  Branch 
chairmen  concerned  may  be  notified  and  the  necessary  arrangements 
made. 

I  am,  yours  faithfully, 

(Signed)     C.  S.  L.  Hertzberg,  m.e.i.c. 

Chairman,  Papers  Committee. 
(Room  620,  57  Bloor  St.  West, 
Toronto  5,  Ont.) 

A  Triangulation  System  for  Newfoundland* 

Noel  J .  Ogilne,  M.E.I.C,  Director  of  the  Geodetic  Survey  of  Conada. 

Following  a  request  from  the  Commission  of  Government  at  New- 
foundland, the  Canadian  government  has  consented  to  an  arrangement 
whereby  the  Geodetic  Survey  of  the  Department  of  the  Interior  will 
assist  the  Island  government  in  laying  down  two  main  nets  of  triangula- 
tion as  the  basis  for  the  survey  development  of  Newfoundland.  The 
completion  of  the  final  practical  details  was  reached  in  Ottawa  recently, 
and  the  work,  it  is  expected,  will  extend  over  a  period  of  five  years. 

The  co-operation  of  the  Geodetic  Survey  of  Canada  in  this  work 
was  discussed  in  an  exchange  of  correspondence  between  Sir  John  Hope 
Simpson,  Commissioner  of  Natural  Resources  of  Newfoundland,  and 
Hon.  Thomas  G.  Murphy,  Canadian  Minister  of  the  Interior,  and  the 
final  details  were  completed  at  a  conference  in  the  Dominion  capital 
l)etween  Dr.  A.  K.  Snelgrove,  consulting  geologist  to  Newfoundland's 
Commission  of  Government,  and  the  author.  Sir  John  Hope  Simpson 
indicated  that  two  main  triangulation  nets  of  about  600  miles  total 
length  were  believed  to  be  essential  as  a  basis  for  the  Island's  orderly 
survey  development;  it  was  considered,  however,  that  Newfoundland 
would  scarcely  be  justified  in  creating  a  geodetic  organization  sufficiently 
large  to  handle  an  operation  of  the  required  magnitude.  He  therefore 
inquired  if  the  Geodetic  Survey  of  Canada  could  assist  in  the  direction 
of  the  undertaking. 

Canada  has  a  direct  interest  in  this  work,  as  it  will  complete  a 
circuit  of  about  1,300  miles  of  triangulation  around  the  Gulf  of  St. 
Lawrence,  about  1,000  miles  of  which  are  in  Canadian  territory.  One 
of  the  Canadian  nets  extends  from  the  Maritime  Provinces  as  far  as 
Cape  Ray  at  the  south-west  corner  of  Newfoundland,  while  another 
net,  partially  completed,  follows  the  north  shore  of  the  Gulf  of  St. 
Lawrence  heading  for  the  Strait  of  Belle  Isle  at  the  north  point  of  the 
Island.  A  primary  net  in  Newfoundland  connecting  Cape  Ray  and  the 
Strait  of  Belle  Isle,  while  possibly  more  than  accurate  enough  for  the 
local  requirements  of  the  Island,  would  obviously  strengthen  the 
Canadian  nets  and  hence  insure  Canadian  interest.  Apart  from  the 
value  of  the  triangulation  in  the  hydrographic  charting  of  the  Gulf 
of  St.  Lawrence  waters,  the  nets  have  additional  importance,  since  the 
Canadian  system  along  the  north  shore  of  the  Gulf  of  St.  Lawrence 
passes  a  comparatively  short  distance  south  of  a  400-mile  stretch  of 
the  boundary  between  the  province  of  Quebec  and  Labrador,  which 
belongs  to  Newfoundland;  this  net  must  eventually  be  the  foundation 
for  any  future  boundary  action  between  the  two  governments. 

By  Order  in  Council  dated  30th  March,  1935,  the  Canadian 
government  authorized  the  participation  of  the  Geodetic  Survey  of 
Canada  in  the  co-operative  effort.  The  system  will  be  in  the  form  of 
a  T  lying  on  its  left  side.  The  top  of  the  T  will  consist  of  a  300-mile 
primary  triangulation  net  from  south  to  north  from  Cape  Ray  to  the 
Strait  of  Belle  Isle;  the  shank  of  the  T  will  be  a  secondary  east-and- 
west  net  of  approximately  the  same  length  from  the  primary  net  east- 
ward to  St.  John's,  the  Capital.  Canada  will  supply  the  technical 
officers  required  for  the  operation,  in  number  estimated  at  three  or 
four,  with  such  additional  officers  as  may  be  required  from  time  to 
time  for  the  measurement  of  base  lines  and  the  observation  of  Laplace 
stations.  Canada  also  supplies  the  instrumental  equipment  and  will 
make  the  mathematical  reductions  and  adjustments  and  publish  the 
results.  The  Commission  of  Government  of  Newfoundland,  through 
the  Colonial  Development  Fund,  will  pay  all  other  expenses  and  has 
provided  the  sum  of  $75,000  to  cover  the  estimated  cost. 

Work  will  commence  during  the  summer  of  1935  and  will  probably 

*Reprinted  from  the  Empire  Survey  Review  for  July,  1935. 
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comprise  au  aerial  recouuaissaace  of  the  v.holc  net,  by  methods  used 
with  great  success  in  hundreds  of  miles  of  Canadian  triangulation ; 
there  wUl  be  one  or  more  ground  reconnaissance  parties  and  a  station 
preparation  party.  The  observations  can  then  be  commenced  in  1936. 
W.  M.  Dennis,  m.e.i.c,  of  the  staff  of  the  Geodetic  Survey  of  Canada, 
whose  theodolite  investigations  with  J.  L.  Rannie,  m.e.i.c,  chief  of 
the  Triangulation  Division,  have  been  dealt  with  in  the  Empire  Survey 
Review,  will  have  charge  of  the  field  work. 

Editor's  Note. — It  is  understood  that  the  Newfoundland  work  has 
progressed  as  noted  above.  J.  L.  Rannie,  m.e.i.c,  and  F.  P.  Steers  have 
completed  the  aerial  reconnaissance  for  the  whole  triangulation  net. 
This  aerial  work  is  now  being  ground  checked,  and  two  station  prepara- 
tion parties  are  operating  to  enable  angular  measurements  to  be  com- 
menced in  1936.  The  Geodetic  Survey  staff  in  the  field  at  present 
comprise  W.  M.  Dennis,  m.e.i.c,  engineer  in  charge,  F.  P.  Steers  and 
E.  M.  Mcdlon. 

RECENT  ADDITIONS  TO  THE  LIBRARY 

Proceedings,  Transactions,  etc. 

Institution  of  Mechanical  Engineers:  Proceedings,  Volume  128,  1934. 

Reports,  etc. 

British  Standards  Institution:  Specification  No.  610 — 1935,  The  Rating 

of  Rivers  for  Power  Purposes. 
American  Society  for  Testing  Materials:  Index  to  standards  and  tentative 

standards,  1933. 
Hydro-Electric  Power  Commission  of  Ontario:  27th  Annual  Report,  1934. 
Quebec,  Bureau  of  Mines:  Annual  Report  1933,  Part  D. 
Canada,  Department  of  Labour:  Labour  Legislation  in  Canada,  1934. 
New  Orleans  Sewage  and  Water  Board:  70th  semi-annual  report. 
Canada,  Bureau  of  Statistics,  Transportation  Branch:  Preliminary  Report 

on  Statistics  of  Steam  Railways  in  Canada,  1934. 
Association  of  Ontario  Land  Surveyors:  Annual  Report  1935. 

Technical  Books,  etc.,  Received 

Manual  of  Timber  Connector  Construction.  {Timber  Engineering  Com- 
pany, Washington,  D.C.) 

Engineering  Data  on  Pipe  and  Pipe  Bends.  {Crane  Company  Ltd., 
Montreal.) 

Engineering  Data  on  Flow  of  Fluids  in  Pipes  and  Heat  Transmission. 
{Crane  Company  Ltd.) 

Some  Considerations  and  Tests  for  Cast  Materials  for  High  Temperature 
High  Pressure  Service,  by  L.  VV.  Spring.    {Crane  Company  Ltd.) 

BOOK  REVIEW 

Engineering  Shop  Practice — Volume  II 

By  0.  W.  Boston,  .John  Wiley  and  Sons  Inc.,  New  York.    {The  Renouf 

Publishing  Company,   Montreal)    1935.     6  by  9}/i  inches,   485  pages, 

photos.,  diagrams,  etc.     $5.00.     Cloth. 

Reviewed  by  Pkopessor  L.  M.  Arkley,  m.e.i.c* 

As  stated  in  the  preface,  this  book  is  a  continuation  of  Volume  I, 
which  treats  of  the  basic  processes  of  turning,  shaping,  planing,  drilling, 
boring,  reaming,  threading,  sawing  and  milling  of  metals. 

In  general  the  book  is  well  written;  each  machine  and  process 
described  is  easily  understood,  especially  when  reference  is  made  to 
the  very  excellent  cuts  with  which  the  book  is  generously  supplied. 

At  the  end  of  each  chapter  is  a  series  of  questions  designed  to  test 
the  reader's  knowledge  of  its  contents,  and  in  addition  to  this  is  a 
comprehensive  bibliography  of  the  subject  matter  of  the  chapter. 

The  headings  of  the  diiTerent  chapters  give  a  good  grasp  of  the 
contents  of  the  book.  Chapter  one  treats  of  screw  machines,  turret 
lathes  and  hand-operated  production  turning  machines. 

Chapter  two  is  on  automatic  turning  machines,  while  chapter 
three  gives  an  interesting  discussion  on  broaching  and  the  tools  required 
in  the  process,  while  chapter  four  is  a  comprehensive  treatise  on  the 
methods  of  gear  cutting. 

One  of  the  l)est  chapters  in  the  book  is  number  five  on  the  general 
subject  of  surface  finishing  and  describes  in  detail  the  processes  of 
grinding,  polishing,  buffing,  honing  and  lapping. 

Chapter  six  is  on  the  general  subject  of  forming  metals  into  different 
shapes  and  includes  power  and  hydraulic  presses,  punches  and  dies, 
and  lathes  for  spinning  metals  with  examples  of  many  processes  which 
may  be  carried  out  on  these. 

The  last  chapter  is  devoted  to  precision  measuring  instruments 
including  inside  and  outside  micrometer  calipers,  circular  dividing 
engines,  Johansson  gauge  blocks  and  many  others. 

This  book  has  been  developed  as  a  text  book  in  connection  with 
the  shop  courses  in  the  University  of  Michigan,  and  as  the  author 
states,  together  with  Volume  I,  they  give  the  background  necessary 
for  planning  production  in  machine  shops. 

The  book  should  be  of  great  value  not  only  to  students  but  to 
machine-shop  superintendents,  executives,  and  anyone  connected  with 
the  operation  of  metal  cutting  machines. 

'Professor  of  Mechanical  Enuineeriiig,  Queen's  University,  Kingston,  Otil. 


BULLETINS 

Road  Maintainers. — The  Four  Wheel  Drive  Auto  Company,  Kit- 
chener, Ont.,  have  issued  a  12-page  booklet  containing  particulars 
regarding  the  company's  models  LM  and  HM  road  maintainers. 

Cement. — A  32- page  booklet  received  from  the  Portland  Cement 
Association  contains  data  on  the  cement  industry  in  the  United  States 
and  also  world  production. 

Pipe  Couplings. — A  12-page  bulletin  issued  by  the  S.  R.  Dresser 
Manufacturing  Company,  Toronto,  Ont.,  contains  information  on  pipe 
joints  manufactured  by  that  company. 

Screws. — The  Stowell  Screw  Company,  Montreal,  have  published 
a  100-page  booklet  containing  a  price  list  of  the  company's  products 
which  include  screws,  bolts,  nuts,  rivets,  escutcheon  pins  and  metal 
stampings. 

Blowers. — A  4-page  folder  received  from  Roots-Connersville  Blower 
Corp.,  Connersville,  Ind.,  includes  information  on  their  Victor-Acme 
rotary  positive  blowers  for  pressure  or  vacuum  service,  together  with 
net  capacities. 

Sheet  Piling. — The  Canadian  Sheet  Piling  Co.  Ltd.,  Montreal,  have 
issued  a  6-'page  leaflet  dealing  with  the  use  of  steel  sheet  piling  in  the 
construction  of  the  new  roundhead,  King's  dock  entrance  lock,  Swansea, 
England. 

Locomotives. — An  8-page  pamphlet  received  from  the  Brook ville 
Locomotive  Company,  Brookville,  Pa.,  describes  the  company's  2J^,  3, 
33^,  4,  5  and  6  ton  model  locomotives,  powered  with  Ford  V8  engines. 

Compressors. — Four  pamphlets  received  from  the  Worthington 
Pump  and  Machinery  Corporation,  Harrison,  N.J.,  describe  the  com- 
pany's model  105,  160,  210  and  315  gasoline  engine  driven  portable 
compressors. 

Silent  Chain  Drircs. — A  4-page  leaflet  has  been  received  from  the 
Hamilton  Gear  and  Machine  Company,  Toronto,  Ont.,  describing  and 
illustrating  the  "compensation"  feature  of  Hamilton-Ramsey  silent 
chain  drives. 

The  Engineer  and  His  Societies 

I^xtract  from  an  article  by  Hubcr  O.  Croft,  appearing  in  Mechanical 
Engineering  for  July,  1935. 

In  any  critical  examination  of  the  professional  responsibilities  of 
an  engineer  one  eventually  comes  not  only  to  the  question  of  the 
utility  of  our  engineering  societies  in  promoting  the  aims  and  broader 
aspirations  of  the  individual  engineer,  but  also  to  the  type  of  engi- 
neering organization  best  fitted  to  fulfil  and  satisfy  the  demands  of  the 
individual. 

Engineers  will  be  interested  to  learn  that  there  are  at  present 
more  than  ninety  national  engineering  organizations  to  represent 
perhaps  two  hundred  thousand  engineers.  It  should  be  remembered 
that  practically  every  one  of  our  national  engineering  societies  has  an 
excellent  and  extensive  organization.  It  is  apparent  that  there  must 
be  an  overlapping  and  duplication  of  activities  of  the  various  groups, 
not  to  mention  clashes  of  individual  committees  attempting  to  accom- 
plish the  identical  purpose,  but  each  zealously  jealous  of  obtaining  the 
prestige  when  the  objective  has  been  obtained. 

The  effect  of  this  confused  state  of  affairs  upon  the  individual 
engineer  is  that  some  societies,  such  as  the  Founder  Societies  have 
stressed  what  may  be  labeled  "psychic  interest"  which  may  be  termed 
one  half  of  the  engineer's  circle  of  activities,  paying  little  attention 
to  the  other  half,  "material  interest."  Other  engineering  societies,  such 
as  the  American  Association  of  Engineers,  the  National  Society  of 
Professional  Engineers,  and  the  new  born  Federation  of  Architects, 
Engineers,  Chemists  and  Technicians,  have  primary  interest  only  in 
the  "material  interest"  side  of  his  activities. 

An  engineer  knows  that  if  half  of  the  circle  of  activities  is  removed 
the  semicircular  section  remaining  is  inherently  mechanically  un- 
balanced, both  statically  and  dynamically.  The  same  principle  may 
be  applied  to  an  engineering  organization.  No  organization  which  fails 
to  balance  psychic  or  technical  interest  with  professional  and  material 
welfare  can  survive  the  test  of  time. 

This  fact  was  discovered  long  ago  by  the  American  Medical 
Association  and  the  American  Bar  Association.  Both  of  these  organiza- 
tions give  suitable  attention  to  both  the  technical  field  and  the  develop- 
ment of  professional  welfare.  The  fact  that  the  American  Medical 
Association  with  a  membership  of  approximately  ninety-nine  thousand 
is  a  flourishing  organization  should  be  sufficient  stimulus  to  the  en- 
gineers of  this  nation  to  apply  some  of  their  organizing  ability  to  their 
own  profession. 

An  unbiased  engineer  considering  his  societies  will  recognize  two 
facts:  (1)  There  are  too  many  national  engineering  organizations,  and 
(2)  existing  societies  should  be  co-ordinated. 

Before  suggesting  a  plan  of  co-ordination  for  existing  national 
societies,  it  is  well  to  consider  that  steps  have  been  taken  to  date 
with  this  end  in  view,  but  so  far  simplified  organization  has  been 
confined  to  the  American  Engineering  Council  and  the  Engineers' 
Council  for  Professional  Development. 
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Such  co-ordination  as  these  two  different  groups  represent  sliould 
be  supported  to  the  utmost  by  all  members  of  the  profession.  It  would 
seem,  however,  that  justified  criticisms  might  be:  (1)  These  organiza- 
tions are  not  sufficiently  representative,  and  (2)  both  the  American 
Engineering  Council  and  the  Engineering  Council  for  Professional 
Development  should  be  branches  of  the  same  trunk. 

It  is  with  sincere  earnestness  that  a  proposed  organization  chart 
for  a  national  and   rational   engineering   society   is   presented   below. 


-i 


PRESIDENT         t 

ice-presioentU 
secretary     i 


HOUSE   OF 
DELEGATES 


2:s 


EXECUTIVE 
BOARD 


:ttt: 


LEGAL 
STATUS 

ETHICS 


NATIONAL  I 

INTERNATIONAL 

AFFAIRS 


I DCLECAIE  FEB  STATE  h 


-j  I  DELEGATE  PER  SECTION  H 


(NO  DEPENDS  ON  POPJ 


INTO  TECH  SECTIONS 


■ElLQw|MliCENSED}*^MEMBER|    [ASSOC  MEMaERl    |JUNI0R| 
(ENG  brown)  (MR  BROWN) 


HEATING  4  VENT 


The  chart  is  sketchy  because  it  is  fully  realized  that  the  less  appendages 
attached  thereto,  the  less  "deadcats"  can  be  hung  thereon. 

However  it  is  presented  for  the  discussion  and  consideration  of  the 
engineering  profession  without  comment.  Each  individual  will  have 
his  own  opinion  as  to  representation,  committees,  technical  sections, 
and  other  details. 

The  four  types  of  membership,  "fellow"  (a  licensed  engineer  who 
will  be  addressed  as  "Engineer  Brown"  similar  to  the  custom  in  Europe 
and  South  America),  "member"  ("Mr.  Brown"),  "associate  member" 
and  "junior"  are  suggested  because  of  the  ease  of  co-ordination  of 
memberships  of  existing  societies. 

Each  technical  section  is  self-governing  with  administrative  officers 
as  now  exist  who  become  representatives  to  a  committee  dealing  with 
the  proper  interest. 

All  engineering-society  publications  pass  through  the  Board  of 
Editors.  This  in  itself  might  prove  of  beneficial  economic  value  because 
of  the  possible  reduced  manufacturing  costs  which  might  be  expected 
by  the  proper  dispatching  of  each  technical  publication  through  a 
central  plant,  either  owned  or  leased  by  the  society  to  maintain  a 
uniform  load  curve. 

The  question  of  dues  is  controversial  to  say  the  least,  but  it  would 
seem  reasonable  to  pay  dues  both  to  the  state  group  and  hence  to  the 
national  organization,  and  likewise  to  as  many  of  the  technical  sections 
as  might  be  of  interest  to  the  individual. 

Steel-Concrete  Composite  Construction 

Steel-concrete  composite  construction  has,  during  recent  years, 
been  applied  successfully  to  numerous  buildings  and  bridges.  Since 
its  introduction  much  valuable  technical  data  has  been  accumulated, 
which  is  now  published  to  assist  architects  and  engineers  in  preparing 
designs  of  composite  construction. 

In  the  handbook  "  Steel-Concrete  Composite  Construction"  recently 
published  by  the  Dominion  Bridge  Company  Limited,  Lachine,  Que., 
and  obtainable  from  that  company,  the  general  features  of  design  are 
discussed  and  the  method  of  designing  composite  beams  is  developed 
in  detail.  The  uses  of  special  charts  and  tables  which  form  the  body 
of  this  handbook  are  fully  explained  and  are  illustrated  by  typical 
examples. 

Manual  of  Timber  Connector  Construction 

This  manual,  published  by  the  Timber  Engineering  Company, 
Washington,  D.C.,  presents  data  on  the  design  and  use  of  connector 
construction  and  gives  information  concerning  both  toothed  and  split- 
ring  connectors,  and  shear  plates.  Charts  and  tables  of  safe  working 
loads  for  the  three  types  of  connectors  are  given  and  fabrication  and 
erection  notes  are  developed.  Illustrations  show  a  number  of  interest- 
ing examples  of  modern  lumber  connector  construction.  The  booklet 
may  be  obtained  from  the  publisher  at  1337  Connecticut  Avenue, 
Washington,  D.C. 


Information  for  1935  Membership  List 

Information  cards  have  recently  been  forwarded  to  the 
membership  of  The  Institute  requesting  the  name,  present 
position  and  address  of  each  member,  that  the  information  may 
be  correctl}'  recorded  in  the  new  membership  list  now  being 
compiled. 

The  completeness  and  accuracy  of  this  hst  will  be  greatly 
increased  if  those  members  who  have  not  already  done  so  will 
return  their  cards  as  soon  as  possible. 


BRANCH  NEWS 

Peterborough  Branch 

W.  T.  Fanjoy,  Jr.E.I.i'.,  Sccn-lary-Treasurer. 

E.  J.  Davies,  Jr.E.I.C,  Branch  News  Editor. 

Annual  Outing 

The  annual  outing  of  the  Peterborough  Branch  of  The  Institute 
was  held  on  Saturday,  June  8th,  1935,  when  forty  members  motored 
to  Minden,  Ont.,  where  they  were  joined  by  the  members  of  the  Orillia 
Water  Light  and  Power  Commission  and  the  Orillia  Town  Council. 
The  whole  party  were  the  guests  of  the  Dominion  Construction  Cor- 
poration, and  the  outing  consisted  of  an  inspection  of  Orillia's  new 
hydro-electric  power  plant  at  Minden. 

This  is  a  half  million  dollar,  two-unit  installation,  each  generator 
to  develop  2,250  kv.a.  This  plant  will  replace  the  present  plant  at 
Swift  Rapids  on  the  Severn  river,  which  is  being  supplemented  by  a 
block  of  power  from  the  Hydro-Electric  Power  Commission  of  Ontario. 
When  the  Minden  plant  goes  into  operation  Orillia  will  be  one  of  the 
few  Ontario  municipalities  with  a  modern  independent  power  supply. 
This  plant  is  to  go  into  operation  in  the  very  near  future. 

The  guests  were  welcomed  by  Mr.  A.  A.  McLaren,  a.m.e.i.c, 
superintendent  of  the  Construction  Corporation,  who  provided  every 
facility  for  a  thorough  inspection  and  enjoyable  outing.  The  visit 
was  concluded  by  a  dinner  in  the  company's  dining  room  provided 
through  the  courtesy  of  the  company.  Messrs.  A.  L.  Dickieson, 
A.M.E.I.C,  chairman  of  the  Peterborough  Branch,  and  R.  L.  Dobbin, 
M.E.i.c,  extended  the  thanks  of  the  guests  to  Mr.  McLaren  and  his 
company  for  their  generous  hospitality,  which  made  the  outing  one 
which  would  be  remembered  for  a  long  time. 

Saguenay  Branch 

J.  W.  Ward,  A.M.E.I.C,  Secretary-Treasurer. 

On  Friday  evening,  June  21st,  1935,  G.  F.  Layne,  a.m.e.i.c,  gave 
an  interesting  paper  on  "Sugar,"  dealing  particularly  with  the  product 
obtained  from  cane. 

Sugar  is  a  carbo-hydrate  known  chemically  as  sucrose  or  saccharose. 
This  must  not  be  confused  with  saccharine,  which  is  a  coal-tar 
derivative. 

The  refining  of  sugar  was  developed  by  the  Egyptians.  The 
Arabs  used  it  in  the  fourth  century,  and  from  them  it  spread  west  with 
the  returning  Crusaders  and  East  with  the  various  Arab  migrations,  as 
far  as  India  and  China.  Venice  was  the  centre  of  the  sugar  trade 
all  through  the  middle  ages. 

Spanish  and  Portugese  navigators  introduced  the  cane  to  the 
Canary  Islands,  and  to  the  West  Indies  about  1525.  By  1600  the 
cane  sugar  industry  was  flourishing  throughout  the  West  Indies  and 
the  demand  of  this  industry  for  cheap  labour  was  largely  instrumental 
in  building  up  the  slave  trade. 

Sugar  cane  is  a  member  of  the  grass  family,  closely  related  to 
the  bamboo.  It  grows  only  in  tropical  and  sub-tropical  countries,  and 
takes  about  eighteen  months  to  mature.  Enormous  progress  has  been 
made  in  the  improvement  of  the  cane  species.  Since  1910  the  yield 
has  been  doubled. 

Cane  sugar  is  made  by  pressing  the  juice  from  the  ripe  cane, 
the  excess  water  is  removed  by  boOing,  until  the  liquor  thickens  to 
the  point  of  crystallization.  It  is  then  cooled  to  form  the  product  known 
as  massecuite,  which  is  shovelled  into  large  hogsheads  and  allowed 
to  drip.  This  dripping  process  goes  on  for  months.  Dark  crystals 
remain  in  the  containers,  which  are  known  as  muscovado.  The 
drippings  are  known  as  molasses.  The  dark  crystals  are  washed  with 
water  jets  and  steam  sprays,  to  produce  crystals  of  much  lighter  colour 
known  as  plantation  white.  Refinery  white  sugar  is  produced  from 
the  dark  crystals  by  bleaching  with  sulphur  dioxide  or  bone  coal,  and 
drying  in  a  rotary  kiln. 

The  fuel  used  to  furnish  power  for  the  sugar  mills  consists  of  the 
cane  after  all  the  juice  has  been  extracted  and  allowed  to  dry.  This 
is  known  as  bagasse. 

Commercial  rum  is  made  from  the  molasses  which  contains  from 
17  to  25  per  cent  of  sucrose.  Yeast  is  used  to  ferment  the  sucrose  and 
thereby  convert  it  to  alcohol.  Great  care  is  exercised  in  this  process, 
otherwise  contamination  from  the  growth  of  undesirable  cultures  sets 
in.  Rum  comes  from  the  still  about  95  per  cent  pure  alcohol  and  is 
reduced  to  about  50  per  cent  for  human  consumption.  As  made  rum 
has  a  bluish  tint.  It  is  coloured  by  caramel  and  by  storing  in  burned 
casks. 

Mr.  Layne  illustrated  his  talk  with  a  number  of  slides  and  diagrams. 
He  also  had  a  number  of  samples  of  sugar  in  its  various  stages  of  manu- 
facture, also  a  section  of  cane.  The  sample  which  aroused  the  most 
interest  was  that  of  the  rum.  After  the  meeting  this  sample  was 
presented  to  the  chairman,  G.  E.  LaMothe,  a.m.e.i.c,  who  expressed 
his  appreciation  in  glowing  terms. 

After  considerable  discussion  the  meeting  closed  with  a  vote  of 
thanks  to  Mr.  Layne. 

Following  the  address  a  nominating  committee  was  appointed  to 
make  nominations  for  the  new  executive  for  1935-36.  This  com- 
mittee consisted  of  Messrs.  M.  G.  Saunders,  a.m.e.i.c,  W.  L.  Yack, 
A.M.E.I.C,  R.  H.  Rimmer,  a.m.e.i.c,  J.  W.  Ward,  a.m.e.i.c,  and  A. 
Cunningham,  a.m.e.i.c 
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The  Velox  Steam  Generator 

Abstract  of  an  address  given  by  Adolph  Meyer,   managing  director  rind 

engineer  in  chief  of  the  Brown,    Boveri  Steam   Turbine   Works,   Baden, 

Switzerland,  in  the  lecture  hall  of  The  Engineering  Institute  of  Canada, 

Montreal,  on  July  16th,  U9S5. 

The  principal  aim  in  the  development  of  steam  producers  during 
the  last  few  years  has  been  to  design  and  manufacture  larger  units, 
working  at  higher  pressures  and  temperatures  than  in  the  past. 

While  new  boilers  incorporate  new  and  very  interesting  ideas  in 
the  production  of  steam  and  the  regulation  of  combustion  (the  Benson 
boiler  makes  use  of  critical  pressure  and  the  LofRer  of  indirect  heating 
by  superheated  steam)  nothing  has  been  done  to  improve  materially 
the  combustion  itself,  or  the  rate  of  heat  transmission. 

It  is  in  relation  to  these  last  two  points  that  the  Velox  boiler 
differs  essentially  from  most  boilers  which  have  been  in  use  up  to  now. 
Its  name,  "Velox,"  refers  to  the  high  velocity  of  the  flue  gases,  which 
are  used  to  obtain  exceptionally  high  heat  transmission.  The  main 
features  of  this  new  boiler  are  as  follows: — • 

(1)  Combustion  takes  place  under  a  pressure  far  in  excess  of  that 
generally  employed. 

(2)  Partial  transformation  of  the  above  pressure  into  velocity,  in 
(irdci-  to  obtain  high  flue  gas  speed.  This  speed  may  reach  the  velocity 
of  sound. 

('.i)  The  u-se  of  a  turbo-blower,  worked  by  an  exhaust  gas  turbine, 
in  order  to  produce  the  pressure  in  the  combustion  chamber  referred  to 
in  (1)  above. 

(4)  Disposition  of  the  gas  turbine  between  two  heat-absorbing 
parts  of  the  bolcr,  in  order  to  reduce  the  temperature  of  the  flue  gases 
so  that  cooling  of  the  turbine  is  unnecessary,  but  also  permitting  of 
sufficient  heat  being  left  in  the  gas  to  provide  the  necessary  energy 


Fig.  1 — Diagram  of  Velox  Steam  Generator  showing  Temperatures  and  Pressures  in 

Various  Parts  of  the  Apparatus. 

for  driving  tin'  turbo-blower.  The  heat  which  remains  is  passed  on 
through  tlic  f(><'(l-wator  heater  section  or  sections  of  the  boiler  following 
the  gas  turt)in(!. 

(5)  A  sju'cial  device  for  separating  steam  from  water  which  con- 
sists of  a  centrifugal  separator  without  moving  parts,  in  which  the 
mixture  of  steam  and  water  is  injected  tangentially  on  to  the  cylindrical 
wall  of  a  container  at  such  a  velocity  that  it  rotates  with  sufficient 
force  to  separate  the  steam  and  water  by  centrifugal  action. 

(6)  The  very  small  weight  of  steel  and  water  taking  part  in  the 
heat  transmission  which,  together  with  the  entire  absence  of  fire  bricks 


and  the  small  storage  of  water  which  is  necessary,  allows  for  rapid 
starting  of  the  boiler  and  gives  very  flexible  operation  under  variations 
of  load. 

(7)  Forced  circulation  in  the  evaporating  part  of  the  boiler. 

(8)  Entirely  automatic  governing. 

(9)  Small  weight. 

(10)  Small  space  requirement. 

(11)  High  efficiencies  over  large  variations  in  load. 

These  advantages  have  been  obtained  by  the  process  of  "super- 
charging," which  is  common  practice  in  diesel  work  and  are  even 
greater  when  applied  to  a  boiler,  for,  in  addition  to  reduction  in  the 
size  of  the  combustion  chamber,  the  size  of  the  heat  transmitting  system 
is  reduced  twofold;  both  by  higher  pressure  as  well  as  by  higher  speed 
of  the  flue  gases. 

In  determining  the  practical  range  of  velocities  to  be  employed 
in  the  Velox  boiler,  it  was  soon  found  that  to  compensate  for  the  higher 
expenditure  on  pressure-tight  combustion  chambers,  and  the  pressure- 
producing  machinery,  a  radical  departure  from  accepted  practice  was 
necessary  and  velocities  ranging  from  900  feet  per  second  to  450  feet 
per  second  have  been  adopted  for  the  evaporator  tubes:  lower,  but 
still  unusually  high  velocities,  being  used  in  feedheater  and  super- 
heater. All  these  parts  have  therefore  to  be  built  "streamlined"  so 
as  to  reduce  pressure  losses  as  much  as  possible. 

Figure  1  represents  a  steam  generator  of  the  Velox  type,  and  a 
diagram  shows  the  temperatures  and  pres.sures  prevailing  in  its  different 
parts.  The  combustion  of  the  fuel  takes  place  in  the  combustion 
chamber  2  where  air  and  fuel  enter  through  the  burner  1,  the  air  under 
a  pressure  of  about  35  pounds  per  square  inch  absolute,  the  fuel  under 
about  300  pounds  gauge.  The  gases  give  up  part  of  their  heat  content 
by  radiation  through  the  external  walls  of  the  evaporator  tubes  3, 
which  line  the  wall  of  the  combustion  chamber.  More  heat  is  trans- 
mitted by  convection,  while  the  gases 
pass  upwards,  through  the  internal  tubes 
3  a  of  the  evaporators  to  the  exhaust  flue 
gas  collecting  chamber.  Thus  the  initial 
temperature  of  combustion  is  reduced  to 
about  1,500  degrees  F.,  while  the  pressure 
drops  to  about  33  pounds  absolute.  With 
this  temperature  and  under  this  pressure 
the  gases  enter  the  superheater  5,  to  leave 
it  cooled  down  to  about  900  degrees  F.  at 
a  pressure  of  about  31  pounds.  The  gas 
turbine  6,  which  is  then  entered,  causes 
the  flue  gas  temperature  to  drop  to  about 
700  degrees  F.  while  the  pressure  drops 
to  about  16.5  pounds  absolute.  The  cor- 
responding heat  drop  is,  apart  from  very 
small  radiation  and  bearing  losses,  entirely 
converted  into  mechanical  energy  and 
transmitted  to  the  blower  where  it  is  re- 
converted into  heat  with  a  corresponding 
rise  in  the  air  temperature.  Finally,  the 
gases  escape  through  the  feed- water  heater 
7  which  forms  part  of  the  chimney.  From 
thence  they  continue,  through  the  chim- 
ney 8  itself,  to  the  atmosphere,  where 
they  leave  cooled  down  to  about  200 
degrees  F. 

The  water  and  steam  circuit  is  as 
follows: — 

The  make-up  water  is  fed  by  the  feed 
piunp  12  through  the  preheater  7  to  the 
separator  4,  where  it  mixes  with  the  evap- 
orating water.  This  water  is  kept  in  con- 
tinuous circulation  by  the  circulating 
pump  11,  which  pumps  it  through  the 
combustion  chamber  2  and  evaporating 
tubes  3  back  to  the  separator  4,  at  the 
rate  of  about  ten  times  the  full  load 
evaporation. 

The  water  enters  the  separator  through 
the  nozzle  9  tangentially  to  its  wall.    This 
nozzle  has  the  smaUest  sectional  area  of 
any  tube  in  the  circuit  so  that  a  suffici- 
ently high  pressure  builds  up  in  the  tube 
before  the  water  reaches  the  nozzle.    This  pressure  is  converted  into 
velocity,  and  the  mixture  of  water  and  steam  spins  round  on  the  inside 
of  the  cylinder.    The  water  then  falls  through  a  small  gap  in  the  lower 
partition  of  the  separator,  while  the  steam  is  pressed  out  to  the  centre 
and  enters  the  superheater  5,  where  it  is  superheated  up  to  the  desired 
amount  for  use  in  a  steam  turbine. 

The  automatic  governing  system  is  shown  in  Fig.  2.  In  principle 
the  system  is  similar  to  that  employed  by  Messrs.  Brown  Boveri  on 
their  turbines  for  the  last  twenty  years.  The  different  devices  for  main- 
taining the  feed-water  level,  governing  the  amount  of  oil  and  air,  are 
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.shown  respectively  by  .1,  B  and  C  of  Fig.  2.  Ai\  oil  pump,  connected 
to  the  motor  driving  the  circulating  pump  already  mentioned,  supplies 
oil  through  the  pipe  13  to  the  different  governors.  A  plug  12  reduces 
the  pressure  in  a  variable  degree  according  to  the  position  of  a  leak-off 
valve  14.  In  A  the  position  of  this  valve  is  governed  by  a  water 
column  acting  against  a  spring,  so  as  to  keep  the  water  level  constant 
by  varying  the  pressure  beneath  the  piston  15  which  governs  the  feed 
valve  12. 


Owing  to  the  small  amount  of  material  taking  part  in  heat  trans- 
mission, and  to  the  small  water  storage  capacity,  the  boiler  can  be 
set  to  work  in  an  unusually  short  space  of  time.  Steam  pressure, 
temperature  and  quantity  can  be  raised  to  full  load  conditions  in  less 
than  five  minutes.  The  same  applies  to  load  variations,  which  are 
so  rapidly  dealt  with  by  the  automatic  governing  system,  that  variations 
from  half  to  fuU  load  and  vice  versa  take  only  about  twenty  seconds. 
As  a  Velox  boiler  is  more  a  kind  of  steam-producing  machine 
than  a  boiler,  the  whole  unit  can  easily  be 
erected  and  tested  at  the  manufacturer's 
works.  This  has  allowed  tests  to  be  made 
under  normal  working  conditions,  of  which 
the  following  is  an  example  carried  out  on 
an  oil-fired  boiler. 

The  steam  generator,  with  its  governing 
system,  is  shown  on  the  test  bed  in  Fig.  3 
and  gives  a  good  impression  of  the  small 
space  requirements  of  such  a  boiler.  The 
boiler  was  constructed  for 

A  capacity  of  55,000  lbs.  per  hr. 

A  steam  pressure  of  284  lbs.  per  sq.  in. 

A  steam  temperature  of  700  deg.  F.j 

Particulars  of  this  boiler  are  as  follows : — 

Total  evaporator  heat- 
ing surface 624  sq.  ft. 

Superheater  heating 
surface 645  sq.  ft. 

Economizer       heating 

surface 1,720  sq.  ft. 


Total 2,989  sq.  ft. 


Fig.  2 — Outline  of  Automatic  Governing  System  A  Ouantity  of  Feed  Water  and  Water 
Level,  B  Quantity  of  Fuel  and  C  Quantity  of  Air. 


In  the  governing  system  B,  regulating  the  amount  of  fuel  oil, 
the  leak-off  valve  14  is  governed  by  the  pressure  of  the  steam  in  such 
a  way  that  with  a  falling  steam  pressure  the  valve  is  shut  so  as  to 
raise  the  oil  pressure  under  piston  16,  thus  opening  the  fuel  valve  14. 
The  governing  system  C  tends  to  establish  a  constant  ratio  between 
the  amount  of  fuel  and  the  amount  of  air;  both  the  fuel  valve  and  the 
air  valve  work  on  the  same  leak-off  valve  14,  and  maintain  their  relative 


Combustion    chamber 

volume 124  cu.  ft. 

Steam    production  on 

test 62,320  lbs.  per  hr. 

Evaporation  from 

evaporator    heating 

surface 100.0  lbs.  per  sq.  ft. 

Evaporation  from  total 

heating  surface 30.0  lbs.  per  sq.  ft. 


The  boiler  efficiency,  including  allowance  for  the  power  absorbed 
by  all  auxiliaries  exclusive  of  the  feed  pump,  was  90.85  per  cent.  The 
exhaust  pipe,  being  relatively  long  and  of  insufficient  diameter,  caused 
the  back  pressure  to  be  22-inch  water  gauge  instead  of  2-inch  for 
which  pressure  it  was  originally  designed  and  operated  on  site.  Under 
normal  working  conditions  the  efficiency  will  approach  92.5  per  cent 
in  place  of  90.85  per  cent  achieved.     (See  Table  I.) 

Table  I 

Test  Results  of  25  Tons  Per  Hour  Velox  Steam  Generator. 

Toulon. 


Fig.  3 — Velox  Steam  Generator  with  Governing  System  on  Test 

Bed. 

positions  as  long  as  the  ratio  of  the  two  is  constant.  Any  deviation 
from  this  ratio  displaces  valve  14  with  a  corresponding  change  in  the 
oil  pressure  beneath  the  piston  17,  adjusting  the  power  of  the  auxiliary 
drive  which  may  be  an  electric  motor  or  a  turbine. 

If,  for  instance,  more  fuel  oil  is  introduced  owing  to  a  fall  in  steam 
pressure  by  the  system  B,  the  auxiliary  motor  accelerates  the  super- 
charging set  so  as  to  get  more  air  through.  This  is  only  necessary 
until  stable  conditions  are  again  established  by  the  increased  pressure 
and  temperature  at  the  gas  turbine,  with  a  corresponding  increase  of 
power  from  that  unit. 


Test  No 

Load 

Fuel 

Calorific  value  (net) . 

Quantity 

Air  quantity 

Excess  air  ratio 

Gas  temperature  leaving 

economizer 

Steam — 

Quantity 

Pressure  leaving  super- 
heater   

Temperature  leaving 

superheater 

Feed-wat-er    inlet    tem- 
perature   

Electric  Power — 
Power  absorbed  by  all 

auxiliaries 

EMciency    based    on    net 
calorific  value — 
Without  auxiliaries .... 
With  auxiliaries 


1 

2 

3 

K 

fi 

V4 

Ma 

ZOtJT 

B.t.u./lb. 

17,940 

17,820 

17,810 

Ib./hr. 

1,078 

3,162 

4,340 

Ib.V. 

19,960 

50.600 

69,850 

1.29 

1.10 

1.11 

deg.  F. 

192 

228 

257 

Ib./hr. 

14,690 

42,290 

57,840 

Ib./in^g. 

276 

285 

281 

deg.  F. 

582 

673 

714 

deg.  F. 

140 

141 

146 

lew. 

48.4 

73.6 

157.6 

per  cent 

90.3 

93.1 

93.8 

per  cent 

86.8 

91.2 

90.8 

4 
Overload 


17,950 
4,578 
71.400 
1.06 

253 

62,320 

283 

707 

143 

174.8 


95.0 
92.1 


The  features  of  the  Velox  steam  generator  make  it  also  suitable 
for  use  on  board  ship  and  for  traction  purposes,  especially  if  high 
speeds  are  aimed  at. 

In  stationary  plant  its  use  is  somewhat  limited  owing  to  the 
necessity  for  using  liquid  or  gaseous  fuel,  but  tests  which  have  been 
made  show  that  the  adaptation  of  the  Velox  steam  generator  to  pul- 
verized fuel  may  be  possible  in  the  near  future. 
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The  Loeffler  System  of  Steam  Production 

Abstract  of  a  paper  by  S.  McEwen  published  in  the  November 
16th,  1934,  issue  of  The  Engineer. 

While  the  combustion  engineer  is  constantly  striving  to  obtain 
higher  furnace  temperatures  in  order  to  secure  the  benefit  of  a  high 
rate  of  heat  transmission  consequent  with  a  higher  heat  head,  the  steam 
engineer,  pursuing  a  definite  course  of  development,  provides  higher 
internal  temperatures  so  that  the  result  of  both  these  effoi'ts  is  to 
subject  the  material  of  heating  surfaces  to  conditions  of  greater  severity. 
The  following  account  of  the  Loeffler  system,  however,  wiU  show  how 
the  new  conditions  have  been  effectively  met  without  making  exceptional 
demands  on  the  metallurgist. 

Promjnent  engineers  have  expressed  their  views  as  to  highest 
practical  limits  of  steam  temperature  and  pressure  under  present-day 
conditions  and  it  seems  to  be  most  generally  accepted  that  considera- 
tions of  capital  cost,  maintenance  charges  and  reliability  make  it 
unprofitable  to  employ  steam  for  power  generation  at  pressures  above 
600  pounds  per  square  inch  and  temperatures  above  800  degrees  F. 
This  conclusion  is,  of  course,  based  on  the  assumption  that  water-tube 
boilers  would  have  to  be  used  for  the  generation  of  steam,  and  ignores 
the  more  recent  developments  in  turbine  design,  which  latter  have 
established  in  commercial  practice  the  complete  practicability  of  the 
use  of  pressures  and  temperatures  such  as  are  adopted  in  the  Loeffler 
system. 

Calculations  show  that  with  steam  at  a  pressure  of  590  pounds 
per  square  inch  and  a  temperature  of  842  degrees  F.,  the  steam  con- 
sumption per  kilowatt  generated  is  n.7  per  cent  greater  than  with 
steam  at  a  pressure  of  1,900  pounds  per  square  inch  and  a  temperature 
of  896  degrees  F.  For  the  purpose  of  this  comparison  it  has  been 
assumed  that  with  the  lower  pressure  there  is  no  economic  advantage 
in  inter-stage  reheating,  but  steam  would  be  bled  from  the  turbine 
in  two  stages  to  heat  the  feed  water  to  302  degrees  F.  Under  the 
Loeffler  conditions  of  higher  pressure,  reheating  is  adopted,  and  steam 
leaving  the  first  stage  of  the  turbine  is  reheated  by  means  of  a  heat 
exchanger  from  537  degrees  to  662  degrees  F.  For  preheating  the 
feed  water  steam  is  withdrawn  from  the  turbine  in  three  stages,  raising 
the  temperature  of  the  feed  water  to  392  degrees  F. 

This  increased  degree  of  preheating  by  means  of  bled  steam  is 
warranted  by  the  higher  boiling  point  of  the  water  at  the  higher  pressure. 
The  boiling  point  of  water  of  590  pounds  pressure  is  486  degrees  F. 
whereas  at  1,900  pounds  pressure  it  is  623  degrees  F.  The  comparison 
allows  for  a  higher  power  consumption  for  auxiliary  plant  with  the 
Loeffler  system. 

Figure  1  is  a  diagrammatic  representation  of  the  Loeffler  system. 
Referring  to  this  diagram,  S  is  a  radiant  superheater,  lining  a  com- 
bustion chamber;  A^  is  a  convection  superheater;  £  is  a  boiler  drum 


Fig.  1 — Diagrammatic  Representation  of  the  Loeffler  System. 

placed  in  any  convenient  position  outside  the  setting;  [/  is  a  rotary 
pump,  the  purpose  of  which  is  to  circulate  steam,  withdrawn  from  the 
boiler  drum  through  the  radiant  and  convection  superheaters  up  to 
the  branch  K,  at  which  point  a  part  of  the  steam  passes  to  the  steam 
mains  while  the  remainder  returns  to  the  boiler  drum  wherein  its 
superheat  is  utilized  to  evaporate  more  water,  the  amount  to  be 
evaporated  being  equivalent  to  that  delivered  to  the  steam  main, 
f  is  a  feed  pump,  while  V  and  L  represent  the  economizer  and  air- 
heater  respectively.  It  will  be  observed  that  one  outstanding  feature 
of  the  system  is  that  all  the  steam  is  generated  in  a  drum  not  exposed 


to  any  external  heat,  while  the  remainder  of  the  circuit  which  is  exposed 
to  external  heat  contains  only  dense,  clean  and  dry  steam. 

Steam  at  a  pressure  of  1,900  pounds  per  square  inch  has  a  specific 
volume  of  0.21;  whereas  at  a  pressure  of  600  pounds  per  square  inch 
the  specific  volume  is  0.76;  the  density  at  the  higher  pressure  is  three 
and  one  half  times  greater  than  at  the  lower.  It  is  this  low  specific 
volume  which  makes  it  economically  possible  to  circulate  the  steam 
by  means  of  a  pump. 

The  successful  achievement  of  the  commercial  generation  of  steam 
at  high  pressures  and  temperatures  by  the  Loeffler  system  has  been 
secured  in  virtue  of  four  main  characteristics  of  the  system. 

Steam  is  the  only  medium  for  absorbing  the  heat  which  is  liberated 
in  the  furnace,  and  this  steam  in  a  very  dense  condition  is  caused  to 
flow  through  tubes  at  a  velocity  which  ensures  a  small  differential  in 
temperature  between  that  of  the  steam  and  the  metal  walls  of  the 
tubes.  This  differential,  which  can  be  predetermined  by  calculation, 
is  such  that  the  metal  of  the  tubes  of  selected  quality  can  suffer  no 
deterioration.  The  velocity  of  the  steam,  which  can  be  predetermined 
for  any  installation,  is  of  the  order  of  65  feet  per  second  at  maximum 
capacity,  and,  under  these  conditions,  over  40,000  B.t.u.  are  transmitted 
per  square  foot  of  heating  surface  per  hour  through  the  surface  of  the 
radiant  superheater  without  any  risk  of  overheating  the  metal. 

The  entire  absence  of  scale  or  deposit  on  the  interior  surfaces 
of  the  tubes  ensures  constant  condition  for  heat  transference;  no 
provision  has  to  be  made  for  a  progressively  reduced  rate  of  transference, 
as  is  the  case  with  a  water  tube  boiler,  where  the  maximum  allowable 
rate  of  transference  must  be  that  which  is  safe  when  the  tubes  are 
dirty  and  the  boiler  due  for  internal  cleaning. 

There  being  an  entire  absence  of  water  circulation  problems,  the 
disposition  of  the  heating  surface  can  be  arranged  with  consideration 
only  for  heat  transmission.  The  tubes  not  being  subject  to  the  necessity 
for  internal  cleaning,  can  be  disposed  without  regard  to  provision  for 
cleaning.  The  high  average  rate  of  heat  transmission  which  is  actually 
obtained  in  practice,  results  in  a  material  reduction  in  the  area  of 
heating  surface  which  has  to  be  provided  for  any  given  duty  as  com- 
pared with  that  required  for  a  normal  water  tube  boiler.  This  reduction 
in  area  more  than  balances  any  extra  expense  per  square  foot  of  heating 
surface  involved,  in  providing  for  higher  pressures.  In  comparing 
modern  Loeffler  installations  with  modern  water-tube  boiler  installa- 
tions, it  is  found  that  the  latter  have  from  40  to  50  per  cent  more 
pressure  heating  surface  than  the  former. 

It  will  be  readily  apparent  that  by  the  Loeffler  principle  of  steam 
generation,  the  condition  of  the  feed  water  becomes  a  matter  of  minor 
importance.  Thus  it  becomes  possible  with  the  Loeffler  system  to 
obtain  the  economic  advantages  of  high  pressure  and  high  temperature 
steam  applied  to  back  pressure  turbines  furnishing  exhaust  steam  for 
industrial  process.  In  such  cases  the  make-up  water  may  be  100  per 
cent,  and  this  presents  no  difficulty.  It  is,  of  course,  desirable  to 
deaerate  the  feed  water,  and  where  it  is  possible  it  is  preferable  to 
subject  the  feed  water  to  chemical  treatment  in  order  to  avoid  un- 
necessary blow-down  losses.  The  practicabihty  of  operating  the  boiler 
with  a  high  concentration  of  soUds  has  been  established  by  very  care- 
fully conducted  and  complete  tests. 

In  practically  every  case  in  which  the  Loeffler  is  being  examined 
for  the  first  time,  attention  is  focussed  on  the  steam  circulating  pump. 
The  pump  is  quite  simple  in  construction,  consisting  of  a  single  impeller, 
which  rotates  within  a  heavy  steel  housing. 

Figure  2  shows  the  complete  pump  unit.  The  impeller  shaft  is 
fitted  with  lab3Tinth  gland.  This  gland  is  entirely  effective  and  may 
be  seen  with  the  steam  channels  with  which  it  is  provided.  If  sat- 
urated steam  from  the  pump  housing  were  allowed  to  pass  through 
the  gland,  some  condensation  would  occur  which  would  cause  erosion 
of  the  fins  of  the  labyrinth.  To  obviate  this,  high  pressure  steam 
drawn  from  the  radiation  superheater,  at  a  temperature  of  770  degrees 
F.  enters  at  A  and  passes  to  the  gland  near  the  impeller.  Part  is  with- 
drawn at  B  at  a  pressure  of  about  190  pounds  per  square  inch,  and  is 
conducted  to  the  steam  inlet  of  the  turbine  driving  the  pump.  The 
remainder  of  the  steam  from  the  gland  escapes  at  a  little  above  atmos- 
pheric pressure,  and  is  used  for  preheating  the  feed  water. 

One  of  the  incidental  functions  of  the  pump,  which,  nevertheless, 
has  a  very  definite  value,  is  to  remove  by  centrifugal  action  any  moisture 
which  may  be  carried  over  with  the  saturated  steam  leaving  the 
evaporating  drums.  Ports  provided  at  the  periphery  of  the  housing 
collect  such  moisture,  which  automatically  flows  back  to  the  drum, 
the  pressure  in  the  housing  being  greater  than  that  within  the  drum. 
The  main  pm-pose  of  the  pump,  however,  is  to  circulate  steam  at  the 
desired  velocity  through  the  system  and  by  variations  in  that  velocity 
to  maintain  a  uniform  final  temperature  of  steam  for  delivery  to  the 
turbine.  The  ability  of  the  pump  to  secure  this  result  by  simple  speed 
control  may  be  readily  understood  when  it  is  appreciated  that  a  given 
quantity  of  heat  transmitted  through  the  heating  surface  may  be 
absorbed  in  a  large  quantity  of  steam  at  a  low  temperature  or  in  a 
smaller  quantity  at  a  higher  temperature.  The  pump  provides  the 
means  for  varying  the  quantity  at  will  and  instantly  so  that  it  is 
possible  to  maintain  a  constant  temperature  at  the  expense  of  a  varia- 
tion in  quantity.  Variations  in  demand  for  total  heat  must  ultimately 
be  met  by  combustion  control.  Combustion  control  is  a  necessity, 
owing  to  the  number  of  factors  involved,  somewhat  low,  and  the 
Loeffler  boiler,  in  virtue  of  the  steam-circulating  pump,  is  much  more 
{Continued  on  page  440} 
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Preliminary   Notice 

of  Applications  for  Admission  and  for  Transfer 


August  10th,  1935 

The  By-laws  provide  that  the  Council  of  The  Institute  shall 
approve,  classify  and  elect  candidates  to  membership  and  transfer 
from  one  grade  of  membership  to  a  higher. 

It  is  also  provided  that  there  shall  be  issued  to  all  corporate 
members  a  list  of  the  new  applicants  for  admission  and  for  transfer, 
containing  a  concise  statement  of  the  record  of  each  applicant  and 
the  names  of  his  references. 

In  order  that  the  Council  may  determine  justly  the  eligibility 
of  each  candidate,  every  member  is  asked  to  read  carefully  the  list 
submitted  herewith  and  to  report  promptly  to  the  Secretary  any  facts 
which  may  affect  the  classification  and  selection  of  any  of  the  candidates. 
In  cases  where  the  professional  career  of  an  applicant  is  known  to  any 
member,  such  member  is  specially  invited  to  make  a  definite  recom- 
mendation as  to  the  proper  classification  of  the  candidate.* 

If  to  your  knowledge  facts  exist  which  are  derogatory  to  the 
personal  reputation  of  any  applicant,  they  should  be  promptly  com- 
municated. 

Communications  relating  to  applicants  are  considered  by 
the  Council  as  strictly  confidential. 


The  Council  will  consider  the  applications  herein  described  in 
October,  1935. 

R.  J.  DuRLET,  Secretary. 


•The  professional  requirements  are  as  follows. — 

A  Member  shall  be  at  least  thirty-five  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  twelve  years,  which  period  may  include 
apprenticeship  or  pupilage  in  a  qualified  engineer's  office,  or  a  term  of  instruction  in  a 
school  of  engineermg  recognized  by  the  Council.  The  term  of  twelve  years  may,  at 
the  discretion  of  the  Council,  be  reduced  to  ten  years  in  the  case  of  a  candidate  for 
election  who  has  graduated  from  a  school  of  engineering  recognized  by  the  Council. 
In  every  case  the  candidate  shall  have  held  a  position  in  which  he  had  responsible 
charge  for  at  least  five  years  as  an  engineer  qualified  to  design,  direct  or  report  on 
engineering  projects.  The  occupancy  of  a  chair  as  a  professor  in  a  faculty  of  applied 
science  of  engineering,  after  the  candidate  has  attained  the  age  of  thirty  years,  shall 
be  considered  as  responsible  charge. 

An  Associate  Member  shall  be  at  least  twenty-seven  years  of  age,  and  shall  have 
been  engaged  in  some  branch  of  engineering  for  at  least  six  years,  which  period  may 
include  apprenticeship  or  pupilage  in  a  qualified  engineer's  office  or  a  term  of  instruction 
in  a  school  of  engineering  recognized  by  the  Council.  In  every  case  a  candidate  for 
election  shall  have  held  a  position  of  professional  responsibility,  in  charge  of  work  as 
principal  or  assistant,  for  at  least  two  years.  The  occupancy  of  a  chair  as  an  assistant 
professor  or  associate  professor  in  a  faculty  of  applied  science  of  engineering,  after  the 
candidate  has  attained  the  age  of  twenty-seven  years,  shall  be  considered  as  j>ro- 
fessional  responsibility. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council  shall  be  required  to  pass  an  examination  before  a  board  of  examiners 
appointed  by  the  Council.  The  candidate  shall  be  examined  on  the  theory  and  practice 
of  engineering,  with  special  reference  to  the  branch  of  engineering  in  which  he  has  been 
engaged,  as  set  forth  in  Schedule  C  of  the  Rules  and  Regulations  relating  to  Examina- 
tions for  Admission.  He  must  also  pass  the  examinations  specified  in  Sections  9  and  10, 
if  not  already  passed,  or  else  present  evidence  satisfactory  to  the  examiners  that  he 
has  attained  an  equivalent  standard.  Any  or  all  of  these  examinations  may  be  waived 
at  the  discretion  of  the  Council  if  the  candidate  has  held  a  position  of  professional 
responsibility  for  five  or  more  years. 

A  Junior  shall  be  at  least  twenty-one  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  four  years.  'This  period  may  be  reduced  to 
one  year  at  the  discretion  of  the  Council  if  the  candidate  for  election  has  graduated 
from  a  school  of  engineering  recognized  by  the  Council.  He  shall  not  remain  in  the 
class  of  Junior  after  he  has  attained  the  age  of  thirty-three  years,  unless  in  the  opinion 
of  Council  special  circumstances  warrant  the  extension  of  this  age  limit. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council,  or  has  not  passed  the  examinations  of  the  third  year  in  such  a  course, 
shall  be  required  to  pass  an  examination  in  engineering  science  as  set  forth  in  Schedule  B 
of  the  Rules  and  Regulations  relating  to  Examinations  for  Admission.  He  must  also 
pass  the  examinations  specified  in  Section  10,  if  not  already  passed,  or  else  present 
evidence  satisfactory  to  the  examiners  that  he  has  attained  an  equivalent  standard. 

A  Student  shall  be  at  least  seventeen  years  of  age,  and  shall  present  a  certificate 
of  having  passed  an  examination  equivalent  to  the  final  examination  of  a  high  school, 
or  the  matriculation  of  an  arts  or  science  course  in  a  school  of  engineering  recognized 
by  the  Council. 

He  shall  either  be  pursuing  a  course  of  instruction  in  a  school  of  engineering 
recognized  by  the  Council,  in  which  case  he  shall  not  remain  in  the  class  of  Student  for 
more  than  two  years  after  graduation;  or  he  shall  be  receiving  a  practical  training  in 
the  profession,  in  which  case  he  shall  pass  an  examination  in  such  of  the  subjects  set 
forth  in  Schedule  A  of  the  Rules  and  Regulations  relating  to  Examinations  for  Ad- 
mission as  were  not  included  in  the  high  school  or  matriculation  examination  which 
he  has  already  passed;  he  shall  not  remain  in  the  class  of  Student  after  he  has  attained 
the  age  of  twenty-seven  years,  unless  in  the  opinion  of  Council  special  circumstances 
warrant  the  extension  of  this  age  limit. 

An  Affiliate  shall  be  one  who  is  not  an  engineer  by  profession  but  whose  pursuits, 
scientific  attainments  or  practical  experience  qualify  him  to  co-operate  with  engineers 
in  the  advancement  of  professional  knowledge. 


The  fact  that  candidates  give  the  names  of  certain  members  as  reference  does 
not  neoeasanly  mean  that  theii  applications  are  endorsed  by  such  members. 


FOR  ADMISSION 

SANDWELL— PERCY  RITCHIE,  of  139  Brock  Ave.  .South,  Montreal  West, 
(Jue.,  Born  at  London,  England,  Oct.  20th,  1912;  Educ,  B.A.Sc.  (Mech.),  Univ.  of 
B.C.,  193.5;  Summers:  1927-28,  machine  shops,  Powell  River  Co.,  Powell  River,  B.C.; 
1929,  highway  survey,  B.C.  Govt.;  1930-31,  timekeeper  and  surveyor's  asst.,  erection 
dept.,  Dom.  Bridge  Co.,  Vancouver;  1933,  constrn.  gang,  Powell  River  Co.;  1934  (4 
mos.),  dftsman.,  and  at  present,  dftsman.,  paper  machy.  dept..  Dominion  Engineering 
Works  Ltd.,  Montreal,  Que. 

References:  R.  Bell-Irving,  A,  S.  Gentles,  J.  Robertson,  A.  C.  R.  Yuill,  J.  F. 
Bell,  E.  A.  Wheatley,  W.  Jamieson. 

FOR  TRANSFER  FROM  THE  CLASS  OF  JUNIOR 

BEAM— DONALD  CARLETON.  of  191  Castlefield  Ave.,  Toronto,  Ont.,  Born 
at  Stevensville,  Ont.,  Aug.  21st,  1899;  Educ,  B.A.Sc,  Univ.  of  Toronto,  1928;  Sum- 
mers: 1923,  instr'man.,  J.  W,  Cowper  Constrn.  Co.,  Buffalo,  N.Y.;  1924,  layer-out, 
steel  shops,  Jones  &  Laughlin  Steel  Corpn.  Ltd.,  Penna.;  1925,  asst.  to  mining  engr. 
Castle  Tretheway  Mines  Ltd.,  Gowganda,  Ont.;  1926  to  1927,  in  charge  of  survey 
party  on  trans,  line  location  and  prelim,  survey,  Shawinigan  Engrg.  Co.  Ltd.,  Montreal; 
1928  to  date,  struct'l.  engr.,  checking  design  of  all  types  of  steel  and  concrete  structures, 
for  bldg.  dept.,  City  of  Toronto,  Toronto,  Ont.     (St.  1926,  Jr.  1927.) 

References:  G.  C.  Hoshal,  R.  E.  Smythe,  J.  J.  Spenee,  P.  M.  Thompson,  G.  L. 
Wallace,  J.  M.  Oxley. 

JACKSON— CHARLES  H.,  of  Brownsburg,  Que.,  Born  at  Toronto,  Ont.,  June 
2nd,  1901;  Educ,  B.A.Sc,  Univ.  of  Toronto,  1923;  1919-23  (summers),  Dept.  Public 
Highways,  Ontario;  1924,  clerical  work  and  field  engrg.,  Detroit;  1924,  instr'man., 
Rouen,  Que.;  1924-2,5,  instr'man.,  paper  mill  constrn.  for  Price  Bros.  &  Co.  Ltd., 
Riverbend,  Que.,  and  1925.  installn.  of  equipment  in  above;  1926,  field  engr.,  paper 
mill  constrn.,  Man.  Paper  Co.  Ltd.,  Pine  Falls,  Man.;  1926-28,  asst.  supt.,  extension 
of  Riverbend  mill,  Price  Bros.  &  Co.  Ltd.;  1928-29,  architect's  supt.  on  constrn.  of 
Dominion  Square  Bldg.,  Montreal;  1929  to  date,  with  Canadian  Industries  Limited, 
as  follows:  1929-32,  misc.  civil  engrg.  for  constrn.  of  new  plants  and  additions  and 
alterations  to  existing  plants;  1933,  study  of  manufacture  of  ammunition  and  blasting 
caps;  1934  to  date,  production  manager  of  ammunition  divn.,  in  charge  of  manufacture 
of  ammunition,  blasting  caps,  etc.,  Brownsburg,  Que.     (Jr.  192S.) 

References:  L.  deB.  McCrady,  A.  B.  McEwen,  I.  R.  Tait,  D.  J.  Emrey,  W.  H. 
Keith. 

MOORE— ALEXANDER  GLYDON,  of  1514  Crescent  St.,  Montreal,  Que.,  Born 
at  Hazelbrook,  P.E.I.,  Mar.  2nd,  1902;  Educ,  B.Sc  (E.E.),  N.S.  Tech.  Coll.,  1925; 
1925-27,  Westinghouse  Elec.  &  Mfg.  Co.,  East  Pittsburgh,  Pa.;  1927  (3  mos.),  trans, 
engrg.  and  constrn..  Bell  Telephone  Co.;  1928  (4  mos.),  Arthur  Surveyer  &  Company, 
appraisal,  Shaw.  Water  &  Power  system;  1927-28,  asst.  elect'l.  supt..  Asbestos  Corpn., 
Thetford  Mines  layout,  design  and  installn.  for  new  mill,  gen.  constrn.  and  mtce.; 
1928-30,  asst.  engr.,  constrn.  and  mtce.,  overhead  distrn.  system,  .Shawinigan  Water 
&  Power  Co.,  .Shawinigan  Falls,  Que.;  1930  to  date,  asst.  supervisor,  underground 
elect,  distrn.,  Montreal  Light  Heat  &  Power  Cons.,  Montreal.    (St.  1923,  Jr.  1930.) 

References:  G.  R.  Hale,  L.  L.  O'Sullivan,  R.  N.  Coke,  H.  Milliken,  G.  E.  Temple- 
man. 

WILLIS— REUBEN  WESLEY,  of  373  Castlefield  Ave.,  Toronto,  Ont.,  Born  at 
Gowanstown,  Ont.,  Oct.  24th,  1900;  Educ,  B.Sc,  Queen's  Univ.,  1927;  Summers: 
1923-26,  engr's.  asst..  Geodetic  Survey  of  Canada;  1927-29,  struct'l.  steel  dftsman 
and  checker,  Canadian  Bridge  Co.,  Walkerville;  1929  to  date  designing  bridge  engr., 
Dept.  of  Works,  City  of  Toronto,  Toronto,  Ont.     (Jr.  1929.) 

References:  T.  Taylor,  F.  Stevens,  A.  Macphail,  W.  P.  Wilgar,  A.  B.  Crealock, 
D.  T.  Alexander,  H.  W.  McAll,  D.  S.  Ellis. 

WRANGELL— K.IELL  FREDERICK,  of  Ottawa,  Ont.,  Born  at  Kristianssands, 
Norway,  June  Hth,  1902;  Educ,  1920-22  (day  classes),  Horten  Technical  School;  1924- 
26,  filing,  tracing,  dfting.,  Riordon  Pulp  Corpn.,  Temiskaming,  Que.;  1926-27,  Solvay 
Process  Co.,  .Solvay,  N.Y.,  dfting.  and  estimating;  1927  (Sept.-Dec),  supt.,  mtce.. 
International  Fibre  Board  Ltd.,  Midland,  Ont.;  1928-29,  designing,  estimating, 
dfting.,  Link-Belt  Ltd.,  Montreal;  1929  to  date,  mech.  engr.,  designing,  appraising, 
estimating,  etc.,  The  E.  B.  Eddy  Co.  Ltd.,  Hull,  Que.     (Jr.  1931.) 

References:  W.  S.  Kidd,  L.  S.  Dixon,  J.  C.  Day,  P.  N.  Libby,  A.  N.  Ball. 

FOR  TRANSFER  FROM  THE  CLASS  OF  STUDENT 

ELLIOTT— LISGAR  WEBSTER,  of  301  Brookfield  Ave.,  Town  of  Mount 
Royal,  Que.,  Born  at  Merrickville,  Ont.,  July  15th,  1908;  Educ,  B.Sc.  (E.E.),  Univ. 
of  Alta.,  1933;  Summers:  1928,  C.N.R.  bridge  constrn.;  1929-32,  City  of  Edmonton 
engrg.  dept.;  March  1935  to  date,  engr.,  receiver  development,  Canadian  Marconi 
Co.  Ltd.,  Montreal,  Que.     (St.  1933.) 

References:  R.  J.  Gibb,  C.  A.  Robb,  R.  S.  L.  Wilson,  H.  J.  MacLeod,  H.  L. 
Seymour. 

LEGG— JOHN  HERBERT,  of  712  Jefferson  Apts.,  Niagara  Falls,  N.Y.,  Born 
at  Victoria,  B.C.,  Apr.  9th,  1905;  Educ,  B.Sc,  McGill  Univ.,  1929;  1922-25  (20  mos.), 
operator,  'Triangle  Chemical  Co.,  New  Westminster,  B.C.;  1926-27  (8  mos.),  mill 
shift  boss.  Engineer  Gold  Mine,  Atlin,  B.C.;  1929  (4  mos.),  mine  sampler,  Allihies 
Copper  Mine,  Co.  Cork,  Ireland;  1929  (8  mos.),  asst.  mill  supt.,  Tetrault  Mine,  Que.; 
1930  (8  mos.),  asst.  mill  supt.,  Stirling  Mine,  N.S.;  1930-32,  metallurgist,  Flin  Flon 
Mine,  Man.;  1933  (June-Aug.),  asst.  mgr..  Can.  Malartic  Gold  Mine,  Que.;  1933-34, 
mill  supt,,  Aldermac  Mines  Ltd.,  Arntfield,  Que.;  Jan.  1935  to  date,  representing 
Aldermac  Mines  Ltd.  on  "Sulphur  Process"  at  Comstock  &  Wescott  Inc.,  Niagara 
Falls,  N.Y.     (St.  1927.) 

References:  C.  S.  Gzowski,  S.  C.  Mifflen,  C.  M.  Anson,  W.  H.  Powell,  A.  Stansfield. 

McKAY— ROBERT  DONALD,  of  Yarmouth,  N.S.,  Born  at  Yarmouth,  June 
13th,  1908;  Educ,  B.Sc.  (Civil),  N.S.  Tech.  Coll.,  1933;  1930  (June-Oct.),  student 
asst.,  Geol.  Survey  of  Canada;  1930-31,  engr.'s  helper.  Parsons  Constrn.  Co.,  Yar- 
mouth; 1931  (Apr.-Sept.),  instr'man.,  and  paving  inspr..  Town  of  Yarmouth;  Aug. 
1934  to  Jan.  1935,  res.  engr.,  Dept.  of  Highways,  N.S.;  Feb.  1935  to  date,  post-graduate 
course  in  sanitary  engrg.,  Graduate  School  of  Engrg.,  Harvard  University.     (St.  1932.) 

References:  W.  P.  Copp,  F.  R.  Faulkner,  S.  Ball,  J.  K.  McKay,  H.  R.  Theakston, 
H.  W.  L.  Doane. 

MOFFAT— THOMAS  STUART,  of  Saint  John,  N.B.,  Born  at  Victoria,  B.C., 
Feb.  14th,  1905;  Educ,  B.Sc.  (E.E.),  McGill  Univ.,  1927;  1922-25  (summers) ,  machin- 
ist's helper;  1926  (summer),  electrn..  Aluminum  Co.  of  Canada;  1927-28,  student's 
training  course,  and  1928-29,  elect'l.  substation  design,  Canadian  Westinghouse  Co.; 
1930  (Jan.-Nov.),  engr.,  automatic  telephones,  and  1930-32,  engr.,  gen.  mfg.  dept.. 
Northern  Electric  Co.;  1933-34,  industrial  engr.,  Simonds  Canada  Saw  Co.;  1934-35, 
industrial  engr..  Management  Engineers  of  Canada;  Mar.  1935  to  date,  supt..  Pro- 
vincial Wood  Products  Co.,  Saint  John,  N.B.     (St.  1925.) 

References:  J.  R.  Dunbar,  E.  M.  Coles,  S.  R.  McDougall,  J.  F.  Plow,  C.  V.  Christie, 
W.  H.  Eaatlake. 
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NICOLAISEN— JUNCKER  ZELO,  of  Beauharnois,  Que..  Born  at  Elsinore, 
Denmark,  Nov.  15th,  1907;  Educ,  B.Sc.  (E.E.),  Univ.  of  Durham,  England,  1929; 
1928  (summer), student,  Clarke  Chapman,  Gateshead-on-Tyne;  1929  (Oct.-Dec.),dfts- 
man.,  Jan.  1930,  students  test,  Can.  Gen.  Elec.  Co.;  1930-31,  electrician,  1931-32, 
engr.,  Beauharnois  Construction  Co.;  Oct.  1932  to  date,  asst.  elec.  engr.,  Beauharnois 
Light  Heat  &  Power  Co.,  Beauharnois,  Que.     (S(.  19S0.) 

References:  B.  K.  Boulton,  M.  V.  Sauer,  L.  H.  Burpee,  F.  H.  Cothran,  C.  H. 
Pigot,  C.  G.  Kingsmill. 

PEEBLES— ARCHIBALD,  of  2911  West  15th  Ave.,  Vancouver,  B.C.,  Born  at 
Glasgow,  Scotland,  July  23rd,  1904;  Educ,  B.A.,  1929,  B.A.Sc.  (Civil),  1934,  Univ. 
of  B.C.;  1920-23,  struct'l.  dftsman.,  Can.  Northwest  Steel  Co.;  1924-29  (vacation 
periods),  dftsman.  on  constrn.  work  with  various  firms;  1929-31,  struct'l.  dftsman. 
and  checker.  Dominion  Bridge  Co.,  Vancouver;  1931  to  date,  instructor,  Dept.  of 
Civil  Engrg.,  University  of  British  Columbia,  Vancouver,  B.C.     (St.  1927.) 

References:  A.  S.  Gentles,  W.  H.  Powell,  A.  S.  Wootton,  P.  H.  Buchan.  P.  Sand- 
well,  J.  Robertson,  A.  E.  Foreman. 

RHODES— DONALD,  of  99a  Portland  Ave.,  Sherbrooke,  Que.,  Born  at  Baildon, 
Yorks.,  England,  Mar.  27th,  1907;  Educ,  B.Sc,  McGill  Univ.,  1928;  1926  (summer), 
elect'l.  wiring,  St.  Narcisse  Power  House,  Shawinigan  Water  &  Power  Co.;  1927 
(summer),  plant  inventory.  North  Shore  Power  Co.;  1928-31,  asst.  field  engr.,  1931-34, 
divn.  transmission  engr.,  and  1934  to  date,  district  engr  ,  Sherbrooke  District,  Bell 
Telephone  Co.   of  Canada.     {St.  1926.) 

References:  J.  L.  Clarke,  G.  A.  Wallace,  C.  V.  Christie,  L.  G.  Buck,  W.  L.  R. 
Stewart,  W.  J.  S.  Dormer,  L.  E.  Ennis,  D.  H.  McDougall. 

RODGER— NORMAN  ELLIOTT,  of  221  Gladstone  Ave.,  Ottawa,  Ont..  Born 
at  Amherst,  N.S.,  Nov.  30th,  1907;  Educ,  B.Sc  (Civil),  McGill  Univ.,  1930.  Grad., 
R.M.C.,  1928;  1930-31,  School  of  Military  Engrg.,  Chatham,  England;  1928-29,  asst. 
to  works  officers.  Major  G.  R.  Chetwynd,  R.C.E.,  a.m.e.i.c,  Halifax,  N.S.;  1932-33, 
asst.  to  Officer  i/c  Geog.  Section  of  the  General  Staff,  National  Defence  Headquarters, 
Ottawa;  at  present  attached  to  the  General  Staff,  National  Defence  Headquarters, 
Ottawa,  Ont.     (St.  1930.) 

References:  E.  J.  C.  Schmidlin,  G.  R.  Turner,  A.  G.  L.  McNaughton,  E.  L.  M. 
Burns,  L.  F.  Grant. 

ROSS— WILLIAM  BRUCE,  of  367  Metcalfe  Avenue,  Westmount,  Que.,  Born 
at  Westmount,  Sept.  25th,  1905;  Educ,  B.Sc,  1930,  M.Sc,  1931,  Ph.D.,  1933,  McGill 
Univ.;  1925,  in.str'man.,  photographer,  computer,  Back  River  Survey  with  W.  I. 
Bishop,  M.E.i.c;  192.5-27,  successively  in  test  room,  experimental  dept.,  and  as  tech- 
nical asst.  to  asst.  chief  engr.,  Canadian  Marconi  Co.,  Montreal;  Research  work  as 
follows:  1930-31,  on  dielectric  constants,  1932-33  on  Heaviside  and  Appleton  layers, 
1931  to  date,  on  air  flow  and  sound;  1932,  in  charge  of  McCjiill-National  Research 
Council  party  to  Nfld.  to  investigate  radio  effects  of  solar  eclipse;  1932  to  date,  lec- 
turer in  mathematics,  McGill  University,  also  continuing  experimental  work  on  sound 
measuring  apparatus.     (St.  1929.) 

References:  E.  Brown,  C.  V.  Christie,  G.  J.  Dodd,  J.  H.  Thompson,  F.  M.  Wood. 


SHEARWOOD— ALEXANDER  PERRY,  of  Montreal,  Que.,  Born  at  Montreal, 
July  8th,  1908;  Educ,  B.A.,  1930,  B.Eng.,  1932,  McGill  Univ.;  1927-28  (summers), 
detailing.  Dominion  Bridge  Co.;  1929-30  (summers),  bridge  dept.,  C.P.R.;  1931, 
visited  struct'l.  steel  works  in  Great  Britain,  Germany  and  France;  1932-33,  ap'tice 
in  various  depts.,  1933-34,  asst.  engr.,  tests  of  special  Hopper  cars  on  C.N.R.,  and 
responsible  for  sales  of  National  Boat  Builders,  Montreal;  1934  (Apr.->Sept.),  asst. 
engr.,  Coverdale  &  Colpitts,  New  York,  on  inspection  and  preparation  of  report  on 
existing  rolling  stock,  Chicago,  Milwaul<ee,  St.  Paul  &  Pacific,  in  Pacific  northwest; 
at  present,  asst.  engr..  National  Steel  Car  Corpn.,  Montreal,  Que.     (St.  1929.) 

References:  E.  Brown,  W.  W.  Colpitts,  A.  R.  Ketterson,  F.  P.  Shearwood,  J.  M. 
R.  Fairbairn. 

SKELTON— CECIL  HASTINGS,  of  Three  Rivers,  Que.,  Born  at  Montreal, 
Que.,  June  15th,  1908;  Educ,  B.Sc  (Mech.),  McGill  Univ.,  1930;  1927-28  (summers), 
dfting..  Steel  Co.  of  Canada;  1929  (summer),  inspr.  and  mechanic.  General  Motors  of 
Canada,  Oshawa;  1930-31,  cadet  engr.,  Bailey  Meter  Co.,  Cleveland;  1931-32,  research, 
dept.  of  chemistry,  McGill  Univ.,  for  Noranda  Mines  Ltd.;  1932-.34,  field  engr.,  in 
charge  of  constrn.  and  operation,  Nichols-Freeman  Flash  Roaster,  at  St.  Lawrence 
Paper  Mills  Co.,  and  1934-35,  test  and  reconstrn.  work  on  same  plant  for  same  com- 
pany; Feb.  1935  to  date,  field  and  lab.  work,  as  research  engr.,  for  Consolidated  Paper 
Corpn.,  Three  Rivers,  Que.     (St.  1929.) 

References:  H.  O.  Keay,  F.  W.  Bradshaw,  E.  Brown,  C.  M.  McKergow,  E.  C. 
Kirkpatrick. 

THOMPSON— FRANK  LAWRENCE,  of  Dartmouth,  N.S.,  Born  at  Moncton, 
N.B.,  Oct.  2l8t,  1905;  Educ,  B.Sc,  N.S.  Tech.  Coll.,  1932;  1932  to  date,  with  the 
Imperial  Oil  Refinery  Ltd.,  Dartmouth,  N.S.,  from  1934-35,  technical  service  engr.. 
Technical  Service  Divn.,  Maritimes  and  Nfld.     (St.  1930.) 

References:  R.  L.  Dunsmore,  R.  R.  Murray,  F.  R.  Faulkner,  C.  H.  Wright. 
H.  Fellows. 

TREMAIN— KENNETH  HADLEY,  of  Toronto,  Ont.,  Born  at  Windsor,  N.S., 
Mar.  7th,  1905;  Educ,  B.Sc.  (Elec),  McGill  Univ.,  1929.  Grad.,  R.M.C.;  1929-32, 
mechl.  and  engrg.  dept.,  paper  mill,  Can.  Power  &  Paper  Co.;  1933  to  date,  sales 
engr.,  and  at  present  asst  sales  mgr.,  in  charge  of  industrial  coal  sales,  The  Elias  Rogers 
Co.  Ltd.,  Toronto,  Ont.     (St.  1928.) 

References:  H.  E.  Bates,  C.  V.  Christie,  L.  F.  Grant,  O.  T.  Macklem,  H.  J.  Lamb. 

WORKMAN— WILLIAM  ROSS,  of  Coal  Creek,  B.C.,  Born  at  Kingston,  Ont., 
Dec.  16th,  1907;  Educ,  B.A.Sc,  Univ.  of  B.C.,  1930;  1927-28-29  (summers),  recorder 
and  lightkeeper,  Geodetic  Survey  of  Canada;  1930-32,  grad.  student  engr.,  AUis- 
Chalmers  Mfg.  Co.,  Milwaukee,  Wis.;  1933-35,  washer  attendant,  Corbin  Collieries 
Ltd.,  Corbin,  B.C.     (St.  1927.) 

References:  G.  E.  Elkington,  G.  H.  McCallum,  H.  B.  Muckleaton,  E.  A.  Wheat- 
ley,  W.  H.  Powell. 


Loeffler  System  of  Steam  Production 

(^Continued  from  page  438) 

quickly  responsive  to  variations  in  load  than  would  be  possible  by 
combustion  control  alone. 

The  fact  that  for  every  pound  of  feed  water  supplied  to  the  boiler, 
about  three  pounds  of  steam  are  circulated,  might  prompt  the  fear 
that  so  much  turbulance  in  the  vaporizer  drums  would  result  in  a 
large  amount  of  water  being  carried  out  of  the  drums  with  the  steam. 
Actually,  however,  this  is  not  the  case. 

In  comparing  the  capital  costs  of  complete  power  stations,  taking 
in  one  ca.se  a  low  or  medium  pressure  steam  station,  and  the  other 


-^^ 


Fig.  2 — The  complete  Pump  Unit. 

high  pressure  under  Loeffler  conditions,  so  many  factors  are  in  favour 
of  the  Loeffler  system  that  no  additional  capital  charges  need  be  in- 
volved. The  reduction  in  consumption  of  steam  per  unit  generated, 
the  reduction  in  fuel  to  be  handled  and  consumed,  the  reduced  heating 
surface,  the  smaller  condensers,  the  lack  of  necessity  for  evaporators, 
the  cheaper  constructional  work  owing  to  reduced  space  occupied  and 
position  of  boiler  drums,  the  smaller  diameter  of  steam  piping  and 
smaller  size  of  valves,  fittings,  etc.,  these  items  serve  to  indicate  at 
lea.'st  that  it  is  reasonably  possible  to  secure  the  economical  advantages 
of  high  pressure  and  high  temperature  steam  without  incurring  increased 
capital  charges. 


The  general  design  and  arrangement  of  the  new  central  power 
station  at  Trebovice,  Czecho-Slovakia,  have  been  made  so  that  the 
station  in  its  final  form  will  be  able  to  generate  150,000  kw.  The 
present  steam  plant  consists  of  three  Loeffler  boilers  each  having  a 
capacity  at  maximum  rating  of  160,000  pounds  of  steam  per  hour  at 
a  pressure  of  1,900  pounds  per  square  inch,  and  a  temperature  of  930 
degrees  F.  The  boilers  are  fired  with  coal  having  a  calorific  value 
of  approximately  12,600  B.t.u.  per  pound.  Two  Skoda  turbines  are 
installed  for  an  output  of  21,000  kw.  each.  The  turbines  are  bled  in 
three  stages  for  the  purpose  of  heating  the  feed  water  to  a  temperature 
of  504  degrees  F.  The  steam  leaving  the  first  stage  of  the  turbine 
passes  to  an  intermediate  superheater,  wherein  it  is  reheated  by  means 
of  steam  from  the  boiler  to  a  temperature  of  645  degrees  F. 

The  following  guarantees  of  performance  have  been  given  for  this 
plant : — 

Per  cent  of  rated  capacity 100  70  40 

Kilowatts  delivered  to  consumer 42,000      29,450      17,010 

B.t.u.  per  kilowatt 13,167      12,988      14,553 

For  the  operation  of  auxiharies  a  house  turbine  has  been  installed 
to  give  a  maximum  of  3,500  kw.  when  supplied  with  steam  at  285 
pounds  pressure  per  square  inch  and  a  temperature  of  645  degrees  F. 

Business  Conditions  in  Canada 

Month  by  month  the  volume  of  activity  in  manufacturing,  mining 
and  transportation  in  Canada  shows  consistent  gain.  In  each  month  of 
1935  there  has  been  an  improvenent  as  compared  with  the  corresponding 
month  of  1934,  and  in  May  the  official  index  of  the  physical  volume  of 
business  for  the  country  reached  a  new  high  of  103.2.  During  the  first 
five  months  of  the  year  the  index  averaged  98.8  as  compared  with  91.7 
and  69.9  for  the  corresponding  periods  of  1934  and  1933  respectively. 
In  terms  of  volume,  the  industrial  production  of  the  country  is  half  as 
large  again  as  in  1933. 

In  view  of  the  prospective  improvement  in  the  farmer's  purchasing 
power,  a  result  of  generally  favourable  weather  conditions  in  all  parts 
of  the  country,  there  has  been  less  than  normal  seasonal  recession  in  a 
number  of  lines  of  business  this  summer.  Recently  there  have  been 
impressive  gains  in  the  construction  and  farm  equipment  industries. 

The  agricultural  outlook  is  favourable  and  without  some  unfore- 
seen development  satisfactory  crops  should  be  harvested  in  many 
parts  of  Canada.  Damage  from  rust  has  seriou.sly  reduced  prospects 
for  the  Western  wheat  crop.  The  marketing  of  a  substantial  wheat 
crop  would  present  considerable  difficulty,  as  stocks  from  last  year  are 
still  heavy  and  the  carry-over  at  the  end  of  the  present  season  wiU 
show  little,  if  any,  reduction  from  a  year  ago. 

—Royal  Bank  of  Canada  Letter. 
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EMPLOYMENT   SERVICE   BUREAU 

The  Service  is  operated  for  the  benefit  of  members  of  The  Engineering  Institute  of  Canada, 

and  for  industrial  and  other  organizations  employing  technically  trained  men — 

without  charge  to  either  party. 

All  correspondence  should  be  addressed  to 

The  Employment  Service  Bureau,  The  Engineering  Institute  of  Canada 

2050  Mansfield  Street,  Montreal 


Situations  Vacant 

ASSISTANT  SUPERINTENDENT,  for  shops,  consisting 
of  machine,  iron  foundry,  blacksmith,  boiler,  and  pat- 
tern, to  employ  up  to  300  men.  Must  know  latest 
practices  and  have  been  engaged  in  manufacturing  and 
be  able  to  estimate  job  costs  closely.  In  reply  state 
education,  experience,  age,  and  salary  expected.  Apply 
to  Box  1190- V. 


Civil  Service  Vacancy 

JUNIOR  STRUCTURAL  ENGINEER 

24261. — A  junior  structural  engineer  in  the  Peniten- 
tiaries Branch  of  the  Department  of  Justice  at  Ottawa  at 
a  salary  rate  of  $1,S00  per  annum. 

Duties. — Under  direction  to  assist  in  the  design,  inspec- 
tion or  supervision  of  construction  of  buildings  and  other 
structures  of  steel,  concrete  and  wood;  on  occasion  to 
make  estimates  of  cost  and  to  prepare  specifications  and 
bills  of  material  and  to  perform  other  related  work  as 
required. 

Qualifications  reguired. — Education  equivalent  to  High 
School  graduation  with  four  years  of  experience  in  Struc- 
tural Engineering,  design,  inspection  and  construction;  or 
graduation  in  engineering  from  a  school  of  applied  science 
of  recognized  standing,  with  two  years  of  experience  in 
structural  engineering,  design,  inspection  or  supervision 
of  construction;  corporate  membership  in  The  Engineering 
Institute  of  Canada,  or  membership  in  a  Provincial  Associa- 
tion of  Professional  Engineers,  or  professional  qualifica- 
tions which  would  permit  of  such  membership. 

While  no  age  limit  has  been  set  for  this  competition, 
age  may  be  a  determining  factor. 

Application  forms  properl.v  filled  in  must  be  filed  with  the 
Civil  Service  Commission,  Ottawa,  not  later  than  Sep- 
tember 19,  1935.  Application  forms  may  be  obtained  from 
the  offices  of  the  Employment  Service  of  Canada,  from  the 
Postmasters  at  any  City  Post  Office,  The  Engineering 
Institute  of  Canada,  or  the  .Secretary  of  the  Civil  .Service 
Commission,  Ottawa. 

Candidates  must  be  British  subjects,  and  have  resided 
in  Canada  for  at  least  five  years. 


Situations  Wanted 

ESTABLISHED  SALES  ENGINEER,  Univ.  of  Toronto 
'24,  with  plant  and  manufacturing  experience,  wishes  to 
represent  manufacturers  of  technical  equipment.  Con- 
nections with  automobile  and  electrical  equipment 
dealers,  throughout  Canada.  Will  make  small  invest- 
ment if  necessar.v.     Apply  to  Box  No.  1-W. 

SALES  ENGINEER,  e.E.i.c;  b.sc.  c.e.,  1930  (Univ. 
New  Bruns.),  p.e.n.b.  Age  28.  Experience  includes 
building  inspection,  structural  detailing,  road  construc- 
tion, and  chemical  operation.  Interested  in  sales  work 
on  the  sales  staff  of  some  manufacturing  or  wholesale 
concern.     Apply  to  Box  No.  225-W, 

REINFORCED  CONCRETE  ENGINEER,  b.sc'.,  p.e.q., 
eight  years  experience  in  construction  design  of  industrial 
buildings,  office  buildings,  apartment  houses,  etc.  Age 
30.     Married.     Apply  to  Box  No.  257-W. 

DESIGNING  DRAUGHTSMAN,  experience  in  layout 
of  steam  power  house  equipment  and  piping.  Wide 
experience  in  mechanical  drive  and  details  of  machinery, 
gearing,  and  hoists.  Accustomed  to  layout  of  small  mill 
buildings  of  steel  and  timber,  structural  design  and 
details.  Good  references.  Present  location  Montreal. 
Apply  to  Box  No.  329-W. 

ENGINEER  AND  ACCOUNTANT,  jr. e  i.e.,  (Capt 
Can.  Engrs.,  reserve).  Age  35,  Canadian.  Experienced 
in  mechanical  and  civil  engineering.  Diploma;  general 
office,  draughting  and  instrument  work ;  assistant  engineer 
erection  Royal  York  hotel;  assistant  resident  engineer 
T.  &  N.O.  Ry.  const.  Desires  position  in  Toronto 
where  combination  of  technical  and  business  experience 
will  be  of  value,  as  have  been  director  and  accountant 
last  three  years.     Apply  to  Box  No.  377-W. 

CIVIL  ENGINEER,  b.a.sc.  and  c.e.;  a.m.e.i.c,  a.m. 
A.8.C.E.,  age  32,  married.  Experience  over  twelve  years 
as  assistant  and  resident  engineer  on  the  construction  of 
hydro-electric,  railway,  and  aerodrome  works.  Also 
office  and  teaching  work  on  hydraulic  designs  and 
investigations,  reinforced  concrete,  bridge  foundations 
and  caissons.  Location  immaterial.  Available  at  once. 
Apply  to  Box  No.  447-W. 


Situations  Wanted 

SALES  ENGINEER,  m.  a.sc.  Univ.  of  Toronto,  wishes  to 
represent  firm  selling  building  products  or  other  engineer- 
ing commodities,  as  their  representative  in  Western 
Canada.  Located  in  Winnipeg.  Apply  to  Box  No. 
467-W. 

MECHANICAL  ENGINEER,  b.sc.  Age  31.  Married. 
Last  ten  years  includes: — Mechanical  structural  and 
reinforced  concrete  design  in  pulp  and  paper  mills, 
industrial  plants,  hydro-electric,  mine,  sewers  and 
sewage  disposal  plant  construction.  My  experience  also 
includes  shop  production,  steam  plant  combustion,  fuel 
analysing,  inspecting,  supervising  and  instrument  work 
on  industrial  construction.  Permanent  position  pre- 
ferred.    Apply  to  Box  No.  521-W. 


CONSTRUCTION  ENGINEER,  age  20,  unmarried, 
graduate  C.E.  Experience  includes  hydro-electric,  rail- 
road, highway,  and  industrial  plant  construction,  both 
field  and  office,  including  cost  accounting,  estimating, 
stores,  layout,  general  engineering  and  supervision,  as 
well  as  practical  work  in  mechanical  trades.  Apply  to 
Box  No.  567-W. 

DOMINION  LAND  SURVEYOR,  and  graduate  engineer 
with  extensive  experience  on  legal,  topographic  and 
plane-table  surveys  and  field  and  office  use  of  aero- 
photographs,  desires  employment  either  in  Canada  or 
abroad.     Available  at  once.     Apply  to  Box  No.  589-W. 


Employment  for  Engineers  Improved 

During  the  past  four  months  employ- 
ment for  engineers  has  showed  a  marked 
improvement.  This  has  been  particularly 
noticeable  in  Quebec,  Ontario  and  the 
middle  west. 

In  Quebec  and  Ontario  very  few  mem- 
bers are  now  actually  unemployed  except 
in  a  small  number  of  cases  where  those 
with  specialized  experience  have  not  found 
a  demand  for  their  services. 

It  is  hoped  that  the  improvement  al- 
ready so  marked  will  continue  as  this 
should  afford  an  opportunity  to  place  a 
number  of  those  engineers  in  other 
locaUties  or  who  are  in  unsuitable  posi- 
tions. 


DESIGNING  ENGINEER  AND  ESTIMATOR,  grad. 
Univ.  of  Toronto  in  C.E.,  a.m.e.i.c,  twenty  years 
experience  in  structural  steel,  construction  and  munic- 
ipal work.  Available  at  once.  Apply  to  Box  No. 
6I3-W. 

ELECTRICAL  ENGINEER,  McGill  '31,  desires  per- 
manent position  in  engineering  field.  Experience  in- 
cludes draughting,  designing  and  testing  of  induction 
motors,  radio  supervision  and  test,  and  some  construc- 
tion.   Available  immediately     Apply  to  Box  No.  626-W 

CIVIL  ENGINEER,  a.m.e.i.c,  h.p.e..  Ontario;  three 
years  construction  engineer  on  industrial  plants;  fourteen 
years  in  charge  of  construction  of  hydraulic  power 
developments,  tower  lines,  sub-stations,  etc.;  four 
years  as  executive  in  charge  of  construction  and  develop- 
ment of  harbours,  including  railways,  docks,  warehouses, 
hydraulic  dredging,  land  reclamation,  etc.  Apply  to 
Box   No.   647-W. 

ELECTRICAL  AND  RADIO  ENGINEER,  b.sc.  '30 
Variously  engaged  on  receiver  development  work,  test- 
ing, and  transformer  development,  under  direction 
More  recent  experience  includes  transmitter  test  room 
procedure  and  short  wave  beam  transmission  engineer- 
ing.    For  further  information  apply  to  Box  No.  680-W. 


Situations  Wanted 

MECHANICAL  AND  STRUCTURAL  ENGINEER. 
Six  years  experience  with  prominent  manufacturer, 
designing,  heating  and  power  boilers,  boiler  installations, 
coal  and  ash  handling  equipment.  Good  practical  knowl- 
edge of  steel  plate  work  welding.  Also  wide  experience 
in  designing,  estimating  and  detailing  structural  steel 
for  buildings  and  bridges.  Good  education.  Have  held 
position  of  responsibility.  Above  can  be  verified  by 
best  of  references.  Available  at  once.  Apply  to  Box 
No.  692-W. 

ELECTRICAL  AND  CIVIL  ENGINEER,  b.sc,  Elec. 
'29,  b.sc.  Civil  '33.  Age  27.  jr.E.i.c  Undergraduate 
experience  in  surveying  and  concrete  foundations;  also 
four  months  with  Canadian  General  Electric  Co.  Thirty- 
three  months  in  engineering  office  of  a  large  electrical 
manufacturing  company  since  graduation.  Good 
experience  in  layouts,  switching  diagrams,  specifica- 
tions and  pricing.  Best  of  references.  Available  im- 
mediately.   Apply  to  Box  No.  693-W. 

MECHANICAL  ENGINEER,  b.sc,  "27,  jr.E.i.c.  Four 
years  maintenance  of  high  speed  Diesel  engine  unite, 
200  to  1,300  h.p.  Also  maintenance  of  do.  and  a.c. 
electrical  systems  and  machinery.  Draughting  expe- 
rience. Westinghouse  apprenticeship  course.  Practical 
mechanical  and  electrical  engineer  with  a  special  study 
of  high  speed  Diesel  engine  design,  application  and 
operation.  Location  in  western  or  eastern  Canada 
immaterial.    Apply  to  Box  No.  703-W. 

COMBUSTION  ENGINEER,  r.p.e.,  Manitoba,  a.m.e.i.c. 
Wide  experience  with  all  classes  of  fuels.  Expert  de- 
signer and  draughtsman  on  modern  steam  power  plants. 
Experienced  in  publicity  work.  Well  known  throughout 
the  west.  Location,  Winnipeg  or  the  west.  Available 
at  once.    Apply  to  Box  No.  713-W. 

ELECTRICAL  ENGINEER,  b.sc,  University  of  N.B.. 
'31.  Experience  includes  three  months  field  work  with 
Saint  John  Harbour  Reconstruction.  Apply  to  Box  No. 
722-W. 

CIVIL  ENGINEER,  b.sc.  (Alta.  '31),  s.e.i.c.  Experience 
includes  three  seasons  in  charge  of  survey  party.  "Tran- 
sitinan  on  railway  maintenance,  and  concrete  bridge 
designing.  Nature  of  work  and  location  immaterial. 
Apply  to  Box  No.  724-W. 

YOUNG  CIVIL  ENGINEER,  b.sc  (Univ.  of  N.B.  '31), 
with  experience  as  rodman  and  checker  on  railroaJd 
construction,  is  open  for  a  position.  Apply  to  Box  No. 
728-W. 

MECHANICAL  ENGINEER,  s.e.i.c,  b.a.sc,  Univ. 
of  B.C.  '30.  Single,  age  24.  Sixteen  months  with  the 
AUis-Chalmers  Mfg.  Co.  as  student  engineer.  Ex- 
perience includes  foundry  production,  erection  and 
operation  of  steam  turbines,  erection  of  hydraulic  ma- 
chinery, and  testing  texropes  and  centrifugal  pumps. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  735-W. 

RADIO  AND  ELECTRICAL  ENGINEER,  b.bc.  '31. 
S.E.I.C.  Age  27.  Experience  in  installation  of  power 
and  lighting  equipment.  Temporary  operator  in  radio 
station;  studio  experience  with  part  time  announcing. 
Two  summers  in  switchboard  and  installation  depart- 
ment of  telephone  company,  eight  months  on  extensive 
survey  layouts.  Interested  in  sales  work  of  electrical 
or  radio  equipment.  Available  on  short  notice.  Location 
immaterial.     Apply  to  Box  No.  740-W. 

CIVIL  ENGINEER,  b.sc.  '29,  a.m.e.i.c.  Married.  One 
year  building  construction.  One  year  hydro-electric 
construction  in  South  America,  eighteen  months  resident 
engineer  on  highway  construction,  one  year  on  harbour 
design  and  construction.  Working  knowledge  of  Spanish. 
Apply  to  Box  No.  744W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc  Queen's  Univ.  '29. 
Age  25.  Married.  Three  years  experience  as  con- 
struction supt.  and  estimator  for  contracting  firm. 
Experience  includes  general  building,  bridges,  sewer 
work,  concrete,  boiler  settings,  sand  blasting  of  bridges 
and  spray  painting.  Available  at  once.  Apply  to  Box 
No.  776-W. 

CIVIL  ENGINEER,  b.sc,  '25,  jr.E.i.c,  p.e..q,  married. 
Desires  position,  preferably  with  construction  firm. 
Experience  includes  railway,  monument  and  mill 
building  construction.  Available  immediately.  Apply 
to  Box  No.  780-W. 

DRAUGHTSMAN,  experience  in  civil  engineering, 
forestry  engineering,  land  surveying  and  house  con- 
struction    Good  references.     Apply  to  Box  No   781- W. 

ELECTRICAL  AND  SALES  ENGINEER,  s.e.i.c,  grad. 
'28.  Experience  includes  one  year  test  course,  one  year 
switchboard  design  and  two  years  switchboard  and 
switching  equipment  sales  with  large  electrical  manufac- 
turing company.  Three  summers  Pilot  Officer  with 
R.C.A.F.    Available  at  once.    Apply  to  Box  No.  788-W. 

PLANT  ENGINEER  or  SUPERINTENDENT,  capable 
of  supervising  all  phases  of  industrial  plant  operation, 
graduate  electrical,  eleven  years  diversified  industrial 
experience  including  test  course,  four  years  on  large 
Quebec  industrial  development,  on  construction  and 
operation,  also  six  years  with  prominent  consulting  firni 
supervising  electrical  and  mechanical  engineering 
projects.    Age  31,  single.     Apply  to  Box  No.  795-W. 
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Situations  Wanted 

CIVIL  ENGINEER,  b.e.i.c,  graduate  '30,  age  23,  single. 
Experience  includes  mining  surveys,  assistant  on  high- 
way location  and  construction,  and  assistant  on  large 
construction  work.  Steel  and  concrete  layout  and 
design.     Apply  to  Box  No.  809-W. 

CIVIL  ENGINEER,  b.e.  (Sask.  Univ.  '32),  e.E.i.c. 
Single.  Experience  in  city  street  improvement;  sewer 
and  water  extensions.  Good  draughtsman.  References. 
Available  at  once.  Location  immaterial.  Apply  to  Box 
No.  818-W. 

CIVIL  ENGINEER,  b.a.sc,  d.l.s.,  o.l.s.,  a.m.e.i.c, 
age  46,  married.  Twelve  years  experience  in  charge  of 
legal  field  surveys.  Owns  own  surveying  equipment. 
Eight  years  on  technical,  administrative,  and  editorial 
office  work.  Experienced  in  writing.  Desires  position 
on  survey  work,  assisting  in  or  in  charge  of  preparation 
of  house  organ,  on  staff  of  technical  or  semi-technical 
magazine,  or  on  publicity,  editorial  or  administrative 
office  work.  Available  at  once.  Will  consider  any  salary, 
and  any  location.     Apply  to  Box  No.  831-W. 

CIVIL  ENGINEER,  b.e.i.c,  b.sc.  '32  (Univ.  of  N.B.). 
Age  25.  Married.  Two  years  experience  in  power  line 
construction  and  maintenance;  one  year  of  highway 
construction;  one  summer  surveying  for  power  plant 
site,  location  and  spur  railway  line  construction.  Avail- 
able at  once.  Location  immaterial.  Apply  to  Box 
No.  840-W. 

CIVIL  ENGINEER,  b.sc.  '15,  a.m.e.i.c,  married,  exten- 
sive experience  in  responsible  position  on  railway  con- 
struction, also  highways,  bridges  and  water  supplies. 
Position  desired  as  engineer  or  superintendent.  Avail- 
able at  once.     Apply  to  Box  No.  841-W. 

STRUCTURAL  ENGINEER,  b.a.sc,  a.m.e.i.c.  Twenty- 
two  years  experience  in  design  of  bridges  and  all  types 
of  buildings  in  structural  steel  and  reinforced  concrete. 
Three  years  experience  in  railway  construction  and 
land  surveying.    Apply  to  Box  No.  856-W. 

MECHANICAL  ENGINEER,  b.sc.  "32,  b.e.i.c  Good 
draughtsman.  Undergraduate  experience: — One  year 
moulding  shop  practice;  two  years  pipe  fitting  and  sheet 
metal  work;  one  year  draughting  and  tracing  on  paper 
mill  layout;  six  months  machine  shop  practice;  and 
eight  months  fuel  investigation  and  power  heating 
plant  testing.  Desires  position  offering  experience  in 
steam  power  plants  or  heating  and  ventilating  design. 
Will  go  anywhere.    Apply  to  Box  No.  858-W. 

SALES  ENGINEER,  a.m.e.i.c,  graduate  engineer,  age  34, 
practical  experience  in  the  manufacture  of  power  plant 
equipment,  thoroughly  conver.sant  with  Canadian 
power  plant  practice  and  equipment  for  the  metal 
working  industries.  Available  on  short  notice.  Apply 
to  Box  No.  860-W. 

CHEMICAL  ENGINEER,  b.sc.  (McGill'21),  a.m.e.i.c, 
age  36,  married;  three  years  since  graduation  with  pulp 
and  paper  mills;  eight  years  in  shops,  estimating  and 
sales  divisions  of  well-known  gas  engineering  and  con- 
struction companies  in  the  United  States.  Excellent 
references.  Available  on  short  notice.  Apply  to  Box 
No.  866-W. 

ELECTRICAL  ENGINEER,  graduate  1929,  b.e.i.c. 
Single.  Experience  includes  two  years  with  electrical 
manufacturing  concern  and  one  on  highway  construction 
work.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  887-W. 

AGENCIES  WANTED.  Young  engineer,  b.a.sc.  in  ce., 
with  business  and  sales  experiences,  speaking  fluent 
French,  would  consider  representing  a  firm  as  agent 
for  Montreal  or  the  province  of  Quebec.  Apply  to  Box 
No.  891-W. 

ELECTRICAL  ENGINEER,  grad.  Univ.  of  N.B.  '31. 
Experienced  in  surveying  and  draughting,  requires 
position.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  893-W. 

CIVIL  ENGINEER,  b.a.sc,  jr.E.i.c,  age  29,  single. 
Experience  includes  two  years  in  pulp  mill  as  draughts- 
man and  designer  on  additions,  maintenance  and  plant 
layout.  Three  and  a  half  years  in  the  Toronto  Buildings 
Department  checking  steel,  reinforced  concrete,  and 
architectural  plans.  Available  at  once.  Location  im- 
material. At  present  in  Toronto.  Apply  to  Box  No. 
899-W. 

DESIGNING  ENGINEER,  a.m.e.i.c  Permanent  and 
executive  position  preferred  but  not  essential.  Fifteen 
years  experience  in  designing  power  plants,  engine 
and  fan  rooms,  kitchens  and  laundries.  Thoroughly 
familiar  with  plumbing  and  ventilating  work,  pneu- 
matic tubes,  and  refrigeration,  also  heating,  electrical 
work,  and  specifications.     Apply  to   Box   No.  913-W. 

CIVIL  ENGINEER,  b.sc,  o.p.e.  Experience  includes 
several  years  on  municipal  work-design  and  construction 
of  sewers,  steel  and  concrete  bridges,  watermains  and 
pavements.  Available  at  once.  Apply  to  Box  No. 
950-W. 


Situations  Wanted 

CIVIL  ENGINEER,  B.sc.  (Univ.  of  Sask.  '33),  b.b.i.o., 
age  28,  single.  Experience  in  testing  hydro-electric 
equipment,  draughting,  surveying,  city  street  improve- 
ments, technical  photography.  Available  at  once.  Lo- 
cation immaterial.    Apply  to  Box  No.  986-W. 

ELECTRICAL  ENGINEER,  b.e.i.c,  b.sc,  (N.S.  Tech. 
Coll. ,  '33) ,  desires  work.  Experience  in  transmission  line 
construction.  Location  or  class  of  work  immaterial. 
Apply  to  Box  No.  1010-W. 

ENGINEER  SUPERINTENDENT,  age  44.  Engineering 
and  business  training,  executive  ability,  tactful,  ener- 
getic. Had  charge  of  several  large  projects.  Intimate 
knowledge  of  costs  and  prices,  reports  and  estimates. 
Available  immediately.  Any  location.  Apply  to  Box 
No.  1021-W. 

CIVIL  ENGINEER,  B.sc.  (Queen's,  '14),  a.m.e.i.c,  Do- 
minion Land  Surveyor,  5  months  special  course  at  the 
University  of  London,  England,  in  municipal  hygiene 
and  reinforced  concrete  construction.  Experience 
covers  legal  and  topographic  surveys,  plane  tabling  and 
stadia  surveying,  railway  and  highway  construction, 
drainage  and  excavation  work.  Available  at  once. 
Apply  to  Box  No.  1035-W. 

ELECTRICAL  ENGINEER  AND  GEOPHYSICIS'T. 
Age  36.  Married.  Seven  years  experience  in  geophysi- 
cal exploration  using  seismic,  magnetic  and  electrical 
methods.  Two  years  experience  with  the  Western 
Electric  Company  of  Chicago,  working  on  equipment 
and  magnetic  materials  research.  Experienced  in  radio 
and  telephone  work,  also  specializing  in  precise  electrical 
measurements,  resistance  determinations,  ground  po- 
tentials and  similar  problems  of  ground  current  dis- 
tribution.   Apply  to  Box  No.  1063-W. 

ELECTRICAL  ENGINEER,  b.a.sc  Univ.  Toronto  '28. 
Experience  includes  Can.  Gen.  Elec  Co.  Test  Course. 
Also  more  than  two  years  in  the  engineering  dept.  of 
the  same  company.  Available  on  short  notice.  Pre- 
ferred location  central  or  eastern  Canada.  Apply  to 
Box  No.  1075-W. 

ELECTRICAL  ENGINEER,  b.sc.  Married.  Eight 
years  electrical  experience,  including  operation,  main- 
tenance and  construction  work,  electrical  design  work 
on  large  power  development,  mechanical  ability,  ex- 
perienced photographer,  employed  in  electrical  capacity 
at  present.  Available  on  reasonable  notice.  Apply  to 
Box  No.  1076-W. 

GRADUATE  IN  MECHANICAL  ENGINEERING, 
1927,  desires  opportunity  in  Diesel  engine  field,  pre- 
ferably in  design  and  development  work.  Skilled 
draughtsman  and  clever  in  design.  Familiar  with  basic 
theories  of  the  Diesel  engine  and  in  touch  with  recent 
developments  and  applications.  Anxious  to  obtain  a 
foothold  with  up-to-date  company.  No  objection  to 
shopwork  or  other  duties  as  a  start  but  would  prefer 
shopwork  and  assembly  if  possible.  Apply  to  Box  No. 
1081-W. 

CIVIL  ENGINEER,  b.sc,  Sask.  '30.  b.e.i.c  Age  24 
years.  Experience  in  municipal  engineering,  including 
sewer  and  water  construction,  sidewalk  construction, 
paving,  storra  sewer  design,  draughting,  precise  levelling, 
and  reinforced  concrete  bridge  construction.  Unmar- 
ried. Available  at  once.  Will  go  anywhere.  Applv  to 
Box  No.  1115-W. 

ELECTRICAL  ENGINEER,  b.sc.e.e.  (Univ.  of  N.B. 
'31).  C.G.E.  Test  Course  included  industrial  control, 
induction  motors  and  transformers;  the  transformer 
test  included  desk  work  for  two  months  on  computing 
losses,  efficiencies,  etc.  Available  at  once.  Apply  to 
Box  No.  1119-W. 

MECHANICAL  ENGINEER,  b.a.sc  (Univ.  of  B.C.  '29) ; 
M.B.  Age  27.  Single.  Four  years  ejtperience  in  research 
work  in  applied  mechanics  and  materials  testing.  Desires 
position  involving  analytical  work  in  design,  develop- 
ment or  testing.  Available  on  short  notice.  Apply  to 
Box  No.  1023-W. 

PETROLEUM  CHEMIST,  b.sc.  in  Chem.  Eng.  Age  25. 
Single.  One  and  a  half  years  experience  as  assistant 
chemist.  Capable  of  taking  charge  in  small  refinery. 
Wishes  position  anywhere  in  Canada.  Apply  to  Box 
No.  1130-W. 

ELECTRICAL  ENGINEER,  b.sc,  Queen's  '33.  Single, 
age  23.  Anxious  to  gain  experience.  Present  ex- 
perience installing  small  private  hydro-electric  plant. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  1137-W. 

CIVIL  ENGINEER,  a.m.e.i.c,  with  over  twenty  years 
experience  in  field  and  office  on  construction,  main- 
tenance, surveying,  location,  etc,  desires  position  pre- 
ferably of  a  permanent  nature.  At  present  near  Mont- 
real, but  willing  to  locate  anywhere.  Apply  to  Box 
No.  1168-W. 


Situations  Wanted 

CIVIL  ENGINEER,  b.a.sc,  s.e.i.c,  age  26,  single. 
Experience  includes  one  year  in  bridge  construction, 
plain  and  reinforced  concrete,  pneumatic  caissons  and 
surveying.  Available  at  once.  Any  location.  Apply  to 
Box  No.  1204-W. 


PHYSICIST  ENGINEER,  B.ScMech.  (Queen's  1913), 
M.Sc,  Ph.D.Physics  (MoGill  1929,  '30).  Experience  in 
municipal  engineering,  producer  gas  installation  and 
operation,  university  plant  maintenance.  Experienced 
teacher  of  college  physics.  Industrial  and  pure  physical 
research  experience.  Age  42.  Married.  Apply  to  Box 
No.  1207-W. 


MECHANICAL  ENGINEER,  b.sc.  (Queen's  Univ.  '28), 
age  36,  married,  desires  position  of  trust  and  responsi- 
bility. Experience  includes  fitting  and  assembly  of 
machine  tools,  production,  draughting,  and  maintenance. 
Five  years  teaching  draughting  and  mathematics.  Avail- 
able on  reasonable  notice.  Location  immaterial.  Apply 
to  Box  No.  1210-W. 


CIVIL  ENGINEER,  b.a.,  b.a.bc,  b.e.i.c,  Canadian,  age 
27,  single.  Experience  includes  eighteen  months  in 
general  building  construction.  Writes  and  speaks  both 
French  and  English  fluently.  Available  at  once  for  any 
suitable  position  in  general  engineering.  Apply  to  Box 
No.  121 1-W. 


CIVIL  ENGINEER,  b.sc  '34  (Univ.  of  N.B.),  age  24. 
Experience  includes  construction  and  highway  engi- 
neering. Desires  position  with  contracting  or  manufac- 
turing firm.  Interested  in  design.  References.  Will 
consider  any  location.    Apply  to  Box  No.  1214-W. 

COMBUSTION  ENGINEER,  a.m.e.i.c,  with  extensive 
experience  in  all  phases  of  combustion  engineering, 
including  plant  layout,  piping,  etc.  Lately  connected 
with  prominent  firm  of  automatic  oil  burner  manufac- 
turers.    Apply  to  Box  No.  1224-W. 

ENGINEER,  with  twenty  years  experience  in  industrial, 
pulp  and  paper  mill,  and  general  engineering  and  design. 
Age  41.  Last  five  years  chief  engineer  of  paper  mill  mak- 
ing newsprint  specialties  and  toilet  tissues.  Apply  to 
Box  No.  1246-W. 


ELECTRICAL  ENGINEER,  b.sc  '34  (Univ.  of  N.B). 
b.e.i.c  Age  21,  single.  Desires  any  kind  of  electrical 
work.  Will  consider  any  location.  Apply  to  Box  No. 
1262-W. 


CIVIL  ENGINEER,  Univ.  Toronto  '33,  age  24,  married. 
One  year  as  instrumentman  with  provincial  department 
of  highways.  Experience  in  concrete  and  retread  con- 
struction grading,  culverts,  etc.  Also  draughting, 
estimating  and  general  office  practice.  Apply  to  Box 
No.  1265-W. 


MECHANICAL  ENGINEER,  b.sc  (Queen's  Univ.  '29). 
Age  28.  Six  years  experience  in  automobile  office  and 
plant;  two  years  as  supervisor  of  inspection  in  body 
assembly.  Good  understanding  of  modern  business 
methods  applied  to  manufacturing.  Desires  position 
with  production  department  of  smaller  Ontario  industry. 
Good  references.  Interviews  anywhere  in  central  Ontario. 
Apply  to  Box  No.  1270-W. 


ELECTRICAL  GRADUATE,  b.e  i.e.  b.bc  '32.  m.bc  '34. 
Experience  includes  four  years  as  part  time  operator 
and  announcer  for  a  radio  broadcast  station.  At  present 
employed  in  radio  repair  dept.  of  a  large  wholesale  firm. 
Apply  to  Box  No.  1283-W. 


ELECTRICAL  ENGINEER,  b.sc,  e.e.,  a.m.e.i.c.  Univer- 
sity of  Manitoba  '28.  Age  32.  Married.  Experience 
one  year  power  line  construction,  five  years  resident  and 
assistant  district  engineer  on  highway  construction;  two 
years  highway  traffic  regulation  in  charge  of  district 
office.  Good  connections  in  Manitoba  and  Saskatche- 
wan. Excellent  references.  Available  at  once  and  will 
go  anywhere.  Located  in  Winnipeg.  Apply  to  Box 
No.  1316-W. 


ENGINEER  AND  DRAUGHTSMAN,  jr.E.i.c  ,  age  33. 
married.  Diplomas  from  Mtl  Tech.  Inst,  in  R.G.  and 
Structural  Design,  llj^  years  experience  in  civil  engi- 
neering, draughting  and  instrument  work.  This  includes 
7  years  with  M.L.H.  &  P.  Cons,  as  field  engineer  on 
construction  and  maintenance  of  gas  mains.  Present 
location  Montreal.  Available  at  once.  Apply  to  Box 
No.  132(3-W. 

GRADUATE  EN'GINEER,  (McGill),  in  responsible 
charge  of  design,  construction  and  operation  of  hydro- 
electric plants.  Also  power  design  and  mechanical 
maintenance  of  industrial  plants.  Apply  to  Box  No. 
1328-W. 
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SUMMARY. — The  chemical  changes  which  accompany  the  setting  of  Portland  cement  and  the  relation  between  water-cement  ratio  and  the  quality 
of  concrete  are  discussed.  The  paper  then  considers  in  some  detail  the  precautions  necessary  In  mixing,  placing  and  curing  concrete.  If  durability  and 
water  tightness  are  to  be  obtained. 


Ordinary  concrete  is  composed  of  three  ingredients: 
cement,  water  and  aggregates.  The  simpUcity  of  the 
materials  used  tends  to  make  it  appear  to  the  average  man 
that  it  is  an  easy  article  to  manufacture.  No  doubt  this  false 
view  is  responsible  for  much  of  the  inferior  and  unsightly 
concrete  that  one  sees.  However,  these  failures  of  the  past 
have  led  to  much  research  which  has  resulted  in  a  fairly 
well  defined  science  of  the  art  of  making  economically 
durable  concrete. 

A  thorough  understanding  of  the  science  of  making 
durable  concrete  involves  the  knowledge  of  the  compounds 
entering  into  the  composition  of  Portland  cement,  their 
reaction  with  water,  and  the  function  of  the  aggregates 
used  in  the  water-cement  paste. 

The  following  are  the  principal  components  of  ordinary 
Portland  cement  and  their  approximate  percentages  based 
on  several  analyses  made  on  cements  from  five  Canadian 
mills:  Tricalcium  silicate,  50  per  cent;  beta  dicalcium 
silicate,  25  per  cent;  tricalcium  aluminate,  11  per  cent; 
tetracalcium  alumino  ferrite,  8  per  cent;  in  all  a  total  of 
94  per  cent. 

Hydration  of  Portland  Cement 

These  compounds  of  Portland  cement  react  with  water 
to  form  the  hard  matrix  which  binds  the  aggregates  into  a 
solid  mass.  A  knowledge  of  the  rate  at  which  water  reacts 
with  these  compounds  is  important  in  the  production  of 
durable  concrete. 

Tricalcium  aluminate  is  the  first  compound  to  react 
chemically  with  water  and  imparts  most  of  the  early 
strength  of  concrete.  Its  reaction  is  practically  complete 
in  the  first  twenty-eight  days  under  favourable  conditions. 

Tricalcium  silicate  is  the  next  ingredient  to  contribute 
to  the  early  development  of  strength.  Tricalcium  aluminate 
and  tricalcium  silicate  are  responsible  for  most  of  the 
twenty-eight  day  strength,  although  tricalcium  silicate  con- 
tinues to  impart  strength  at  a  diminishing  rate  after  the 
twenty -eight  day  period. 


Beta  dicalcium  silicate  contributes  little  to  the  strength 
up  to  twenty  eight  days,  but  is  largely  responsible  for  the 
increase  beyond  that  period. 

Tetracalcium  alumino  ferrite  is  not  an  important  in- 
gredient and  its  role  is  not  so  well  defined.  It  is  known, 
however,  to  influence  the  strength  after  one  day  up  to  a 
period  beyond  twenty-eight  days. 

The  significance  of  the  hydration  of  these  compounds 
will  be  discussed  further  under  "curing." 

Concrete  may  be  thought  of  as  a  mixture  of  inert 
aggregates  held  together  in  a  hardened  water-cement  paste. 
As  will  be  shown  later,  the  characteristics  of  the  aggregates 
have  an  important  influence  on  the  properties  of  the  con- 
crete, but  concrete  derives  its  main  characteristics  from  the 
water-cement  paste.  Then,  for  the  moment,  consider  the 
properties  of  the  paste  apart  from  the  aggregates. 

The  water-cement  ratio  may  be  defined  as  the  ratio 
of  the  quantity  of  water  to  the  quantity  of  cement  expressed 
in  suitable  units.  The  units  most  commonly  used  are: 
volume,  weight,  and  gallons  of  water  per  sack  of  cement. 
The  latter  is,  perhaps,  the  most  practical  for  every  day  use 
and  can  be  readily  converted  to  the  other  units  when 
desired. 

The  water-cement  ratio  has  been  found  to  serve  as  an 
index  by  which  the  quality  and  properties  of  the  paste 
may  be  expressed.  In  fact,  a  thorough  understanding  of 
the  considerations  involved  implies  a  fairly  thorough 
knowledge  of  the  use  of  cement. 

Compressive  Strength  of  Concrete 

Duff  Abrams  about  1918  discovered  that  a  definite 
relationship  exists  between  the  water-cement  ratio  em- 
ployed in  concrete  and  its  compressive  strength  providing 
that  the  concrete  is  plastic  and  capable  of  being  placed 
without  segregation.  That  is,  the  concrete  must  not  be 
so  dry  and  stiff  that  it  cannot  be  placed,  nor  so  wet  that 
when  placed  the  ingredients  will  segregate.    Abrams  found 
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the    relationship    between    the    water-cement    ratio    and 
strength  to  be  as  given  in  Table  I. 


Compressive  strength, 

Pounds  per  square  inch 

at  28  days 

1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 


gooo 


Table  I 

Water-cement  ratio, 

Imperial  gallons  per 

Canadian  sack  of  cement 

(87  K  pounds) 

7.83 

6.63 

5.78 

5.11 

4.57 

4.11 

3.72 

3.37 

3.06 


(these  results  are  for  average 
materials  cured  at  a  tem- 
perature of  70  degrees  F. 
under  moist  conditions.) 


7d    /4d    ^S^        J/n.  ^6^     //     Zj/-  ^y.  £f- 

Fig.  1. 

Immediately  the  water  and  cement  are  mixed  together 
a  chemical  reaction  commences  in  which  a  portion  of  the 
mixing  water  combines  with  the  various  compounds  in  the 
cement  to  form  hydrates,  causing  the  paste  to  harden  and 
impart  strength  to  ohe  concrete.  This  being  a  chemical 
reaction  the  rate  at  which  it  proceeds  is  dependent  upon  the 
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temperature  and  the  amount  of  water  available.  There- 
fore, it  becomes  worth  our  while  to  mvestigate  the  increase 
in  strength  of  the  paste  as  related  to  the  temperature  and 
conditions  of  moisture  during  the  curing  period. 

The  strength  of  the  paste,  or  concrete  containing  it, 
increases  rapidly  at  first  and  continues  to  increase  in- 
definitely but  at  a  slower  rate.     (See  Fig.  1.) 


The  higher  the  temperature  within  limits  the  greater 
the  rate  at  which  the  strength  increases.   (See  Figs.  2  and  3.) 

Water  must  be  available  or  hydration  cannot  take 
place.  If  concrete  is  left  exposed  to  a  dry  atmosphere,  as 
found  in  an  ordinary  room  or  out-of-doors  in  summer 
weather,  it  will  become  dry  and  the  gain  in  strength  will 
be  retarded  or  even  stopped.  It  is  interesting  in  this 
connection  to  note  that  all  of  the  water  supplied  in  mixing 
concrete  is  not  used  in  the  hydration  of  the  cement.  Con- 
siderably more  than  half  of  the  water  is  only  added  for 
the  purpose  of  lubricating  the  mixture  sufficiently  so  that 
it  can  be  placed  with  ease  in  the  forms.  This  excess  of 
water  will  eventually  evaporate  from  the  concrete  which  is 
not  in  contact  with  water  but  it  must  not  be  allowed  to 
do  so  before  sufficient  hydration  has  taken  place  to  permit 
the  required  strength  to  be  attained.  The  combination  of 
the  water  with  the  cement  is  one  which  evolves  heat  and 
this  heat  besides  having  other  effects  has  a  tendency  to 
drive  off  the  water  from  the  mix  and  hasten  its  drying. 
(See  Fig.  4.) 

Permeability 

The  rate  at  which  water  passes  through  a  piece  of 
concrete  will  depend  upon  the  water  pressure,  the  thick- 
ness of  the  concrete,  and  its  ability  to  resist  the  passage  of 
water.  Tests  show,  for  given  conditions,  that  the  rate  of 
flow  depends  upon  the  water-cement  ratio  and  also  that 
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concrete  can  be  made  watertight.  If  the  water-cement 
ratio  does  not  exceed  four  and  one-half  gallons  of  water 
per  sack  of  cement  it  may  be  safely  said  that  the  concrete 
will  be  watertight  under  all  ordinary  conditions.  This 
implies  that  the  concrete  be  uniform  throughout  and  does 
not  mean  that  it  will  not  leak  if  the  ingredients  of  the 
concrete  are  allowed  to  segregate  and  the  water-cement 
ratio  allowed  to  increase  in  portions  of  the  mass.  It  does 
mean,  however,  that  with  moderate  care  watertight  con- 
crete may  be  obtained.     (See  Fig.  5.) 

Volume  Changes 
With  variations  in  temperature  or  conditions  of 
moisture,  the  volume  of  concrete  changes.  The  thermal 
coefficient  of  expansion  of  the  average  concrete  is  for  all 
practical  purposes  the  same  as  that  of  the  average  steel. 
Usually  in  the  design  of  concrete  structures  provision  is 
made  for  expansion  and  contraction  by  the  use  of  expansion 
joints.  Changes  in  volume  in  concrete  due  to  changes  in 
moisture   are   approximately   equal   in   magnitude   to   the 
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thermal  variations  but  are  different  due  to  the  fact  that 
they  are  almost  entirely  produced  within  the  cement  paste. 
Hence,  volume  changes  in  concrete  due  to  this  cause  are 
roughly  propoi'tional  to  the  richness  of  the  concrete  mix- 
ture. 

One  of  the  advantages  claimed  for  vibration,  which 
will  be  discussed  later,  is  that  the  volume  changes  due  to 
variation  in  moisture  will  be  greatly  reduced.  This  is 
because   it  makes   possible   the   placing  of   concrete   with 
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Fig.  4. 

smaller  amounts  of  water  and  hence  smaller  amounts  of 
cement  for  a  given  yardage  of  concrete. 

Aggregates 

Aggregates  used  in  concrete  may  be  briefly  classified 
as  follows:  sand,  gravel,  crushed  stone,  slags,  cinders,  clay 
and  shale  products,  iron  ore  and  steel  mill  scrap. 

Sand,  gravel  and  crushed  stone,  are  the  most  commonly 
used.  It  is  probable  that  the  use  of  stone-sand  (that  is, 
fine  crushed  stone)  will  in  the  future  replace  a  considerable 
quantity  of  the  natural  sand  used  at  present.  This  will 
take  place  with  the  depletion  of  the  natural  supplies,  with 
improvements  in  machinery  and  technique,  organization, 
and  Avith  an  increasing  demand  on  the  part  of  users  for  a 
product  of  better  quality. 

The  use  of  cinders  is  quite  common  in  certain  types  of 
construction.  Aggregates  specially  manufactured  from  clay 
and  shale  have  come  to  the  fore  in  recent  years  and  although 
they  are  in  themselves  expensive  their  use  makes  possible 
savings  in  weight  which  in  certain  types  of  structures  may 
warrant  their  use. 

The  heavy  materials  are  not  commonly  used  except 
in  special  cases  where  great  weight  is  necessary,  such  as  in 
counterweights  for  bascule  bridges. 

The  selection  of  the  aggregates  for  any  particular  work 
i-equires  a  knowledge  of  the  type,  details  and  exposure  of 
the  structure,  along  with  a  knowledge  of  the  properties  of 
the  various  types  of  aggregates.  In  considering  the  proper- 
ties of  aggregates  it  may  be  helpful  to  do  so  under  the 
following  headings: 


(A)   Structural  strength  of  aggregate  particles, 
{B)    Durability  of  the  aggregate, 

(C)  Content  of  deleterious  and  extraneous  materials, 

(D)  Grading,  percentage  of  voids,  maximum  size  and 
shape  of  the  particles. 

{A)    Structural  Strength  of  Aggregate  F article >< 

The  compressive  strength  of  stone  varies  ujj  to  about 
25,000  pounds  per  square  inch.  When  an  aggregate  of  fair 
strength  is  used  the  designed  strength  based  on  the  water- 
cement  ratio  may  be  expected  to  control  the  strength  of  the 
concrete.  A  weak  aggregate  would,  on  the  other  hand,  be 
expected  to  reduce  the  strength.  The  aggregates  of  very 
low  strength  are  not  difficult  to  detect  in  that  they  are  easily 
broken  in  handling  or  with  a  light  blow  from  a  hammer. 

{B)    Durability  of  the  Aggregate 

At  one  time  all  failures  of  concrete  were  blamed  on 
the  quality  of  the  cement.  Since  then  nmch  has  been 
learned  about  both  cement  and  aggregates  and  it  is  now 
agreed  that  most  failures  are  due  to  the  use  of  poor  aggre- 
gates, high  water-cement  ratios,  and  poor  or  careless 
methods  of  manufacturing,  transporting,  placing  and  curing 
of  the  concrete.  The  question  of  the  durability  of  the 
aggregate  then  becomes  a  real  one  when  considered  in  the 
light  of  present  day  knowledge  and  the  problem  now 
lesolves  itself  into  a  study  of  methods  for  detecting  the 
aggregates  of  poor  quality. 

In  general  the  weaker  aggregates  are  the  less  durable. 
It  is  also  true  that  the  more  durable  aggregates  are  generally 
from  the  stronger  rock  formations,  but  it  does  not  neces- 
sarily follow  that  all  strong  rocks  make  durable  aggregates. 

The  following  procedure  is  useful  in  investigating  the 
durability  of  an  aggregate: 

(a)    Mineralogical  classification, 

(fe)    Inspection  of  quarry  or  pit, 

(c)  Inspection  of  structures  containing  the  aggregates 
in  question, 

(d)  Laboratory  tests. 

(a)  From  a  mineralogical  classification  it  may  be 
possible  to  determine  whether  or  not  the  material  falls  into 
a  class  which  can  be  expected  to  be  durable. 

{h)  By  inspecting  a  quarry  or  gravel  pit  which  has 
been  in  use  for  a  number  of  vears  one  can  determine  the 
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Fig.  5 — Permeability  of  Concrete. 

aljility  of  the  materials  to  resist  weathering  from  the  open 
faces  and  the  waste  therein. 

(c)  By  inspecting  structures  of  a  similar  type  to  the 
one  for  which  the  aggregate  is  being  sought  and  containing 
the  aggregate  in  question  one  may  determine  its  durability. 

{d)  Frequently  new  quarries  are  opened  and  there  is  no 
opportunity  to  determine  the  (luality  of  the  aggregates  by 
their  past  records  and  in  such  cases  accelerated  laboratory 
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tests  are  particularly  useful.  These  tests  usually  consist 
of  freezing  and  thawing  or  of  performing  what  are  known 
as  artificial  freezing  and  thawing  tests.  These  latter  con- 
sist of  alternately  immersing  the  aggregates  in  a  solution 
of  sodium  or  magnesium  sulphate  and  drying  them  in  an 
oven.  In  both  cases  the  number  of  cycles  required  to 
cause  the  aggregate  particles  to  disrupt  is  considered  to 
be  a  measure  of  the  durability  of  the  aggregate. 


Fig.  6 — Failure  due  to  Inferior  Aggregate. 

There  is  some  difficulty  in  determining  what  weight 
should  be  attached  to  the  results  of  these  tests  and  at  best 
they  can  only  be  considered  as  a  guide  in  the  selection  of 
suitable  aggregates.  However,  there  is  an  attempt  being 
made  to  standardize  both  the  artificial  and  actual  freezing 
and  thawing  tests. 

(C)  Content  of  Deleterious  and  Extraneous  Materials 
Aggregates   should   not   contain   alkalis   nor   organic 

matter  in  sufficient  quantity  to  be  harmful.  Actual  tests 
of  the  aggregates  with  cement  in  mortar  or  concrete  are 
perhaps  the  best  way  of  determining  the  effect  of  such 
materials  when  present.  The  percentage  of  soft,  laminated, 
elongated  and  thin  flaky  particles  should  be  kept  at  a 
minimum  as  their  presence  cannot  be  beneficial.  Fre- 
quently an  aggregate  taken  from  a  river  or  lake  may 
contain  sufficient  quantities  of  wood  and  bark  to  cause 
failure  of  the  concrete  in  which  it  is  used  if  it  is  exposed 
to  the  actions  of  water  and  frost. 

In  many  cases  aggregates  are  washed  in  order  to  remove 
undesirable  materials,  but  here  a  word  of  caution  is  in  order. 
In  a  fine  aggregate  a  small  percentage  of  very  fine  material 
is  desirable,  therefore,  too  much  of  it  should  not  be  removed 
by  washing  in  order  to  retain  the  workability  of  the  con- 
crete. 

The  form  in  which  a  material  is  present  is  also  im- 
portant. Clay  in  the  form  of  lumps  can  be  harmful  in 
that  it  will  contribute  to  the  disintegration  of  the  concrete, 
while  on  the  other  hand,  it  has  been  found  that  small 
percentages  of  clay  when  in  the  finely  divided  state,  well 
diffused  and  free  from  organic  matter,  is  not  detrimental 
and  may  be  beneficial  when  fines  are  lacking. 

(D)  Grading,  Voids,  Shape  of  Particles,  Maximum  Size 
The    grading    of    aggregates    is    important    but    also 

complicated.  There  has  been  much  written  on  this  subject 
and  perhaps  the  only  conclusion  one  can  draw  is  that  there 
is  no  particular  grading  which  can  be  considered  ideal.  On 
the  other  hand  there  are  a  few  points  to  be  watched. 

The  uniform  grading,  or  that  represented  by  a  smooth 
curve,  is  generally  accepted  as  being  the  most  satisfactory. 
Recently  some  have  advocated  and  used  ga,])  grading,  that 


is,  a  distribution  in  which  a  certain  size  is  absent.  Gaps 
are  no  doubt  preferable  to  humps  or  excessive  quantities 
of  material  of  one  size.  Where  humps  occur  on  the  curve 
particle  interference  is  indicated.  This  means  that  there 
are  too  many  particles  of  one  size  which  increase  the 
voids  and  decrease  the  workability  of  the  aggregate. 

It  is  a  known  fact  that  the  finer  a  material  the  easier 
it  is  to  work  it.  For  instance,  it  is  easier  to  shovel  sand 
than  to  shovel  gravel  or  crushed  stone.  Hence,  if  the 
grading  is  such  that  the  particles,  when  moved,  roll  around 
on  smaller  particles,  the  workability  of  the  grading  should 
be  at  a  maximum. 

When  the  weight  per  unit  volume  and  the  specific 
gravity  of  the  aggregate  are  known  it  is  possible  to  compute 
the  volume  of  its  voids.  The  percentage  of  voids  serves 
as  a  measure  of  the  quality  of  the  grading  and  further  it 
can  be  shown  that  the  quantity  of  cement  required  for  a 
unit  volume  of  concrete  of  a  given  water-cement  ratio  is 
directly  proportional  to  the  percentage  of  voids  in  the 
aggregate.     (See  Figs.  8  and  9.) 

The  shape  of  the  particles  has  a  bearing  on  the  work- 
ability of  the  aggregate.  Flat  or  elongated  particles  will 
increase  the  voids  and  decrease  the  workability.  Gravels 
which  are  smoothed  and  rounded  produce  more  workable 
mixtures  than  do  irregularly  shaped  pieces  of  crushed 
stone.  In  crushing  stone  it  sometimes  happens  that  a 
large  percentage  of  flat  or  elongated  pieces  are  formed. 
A  stone  may  have  a  natural  tendency  to  break  in  this 
manner,  but  it  can  to  some  extent  be  remedied  by  the  use 
of  crushers  designed  to  break  the  pieces  into  cubical  shapes. 

The  maximum  size  of  the  particles  has  an  influence 
on  the  cost  of  the  mix,  the  cost  of  placing  and  on  the 
structural  properties  of  the  concrete.  For  economy  in  mix 
design  the  maximum  size  should  be  as  large  as  possible. 
By  following  this  rule  the  surface  area  of  a  unit  volume  of 
aggregate  will  be  decreased  and  the  result  is  an  appreciable 
economy  in  the  amount  of  cement  required  for  a  given 
water-cement  ratio.  On  the  other  hand  the  maximum  size 
should  not  be  greater  than  that  which  can  be  easily  handled 
in  mixing,  nor  should  it  be  greater  than  that  which  will 
easily  go  through  the  reinforcing.  Further,  from  a  struc- 
tural point  of  view,  the  aggregate  should  not  exceed  one- 


Fig.  7 — Fragments  of  Wood  and  Bark  in  Concrete. 

quarter  of  the  least  dimension  of  the  member  in  which  it 
is  to  be  used. 

Influence  ok  A(;guegates  on  the  Compuessive  Strength 
OP'  Concrete 

The  water-cement  ratio  of  a  concrete  mixture  controls 
its  strength  but  each  type  of  aggregate  has  also  some  in- 
Hiience.  A  structui-ally  weak  aggi'egate,  one  containing 
organic  imjjurities,  or  one  with  surfaces  so  smooth  that  the 
water-cement  paste  will  not  bond  to  it,  can  be  expected  to 
lower  the  strength.  On  the  other  hand,  certain  types  of 
aggregates  yield  strengths  above  that  expected  of  a  given 
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water-cement  ratio,  and  that  may  possibly  be  attributed 
to  surface  texture.  The  influence  of  the  aggregate  should 
be  determined  since  it  will  have  an  influence  on  the  cost 
and  quality  of  the  concrete  produced. 

In  designing  a  conciete  mixture  the  following  informa- 
tion should  be  available  and  from  it  the  necessary  decisions 
made.     (See  Table  II.) 

Tahlk  II 

Information  Required  and  Factors  to  be  Determined  when 

Designing  Concrete  Mixtures 


Information  Required 

Factors  to  be  Determined 

Necessary  structural  strength  of 

concrete. 
Conditions  of  exposure  of  concrete. 
Properties  of  available  aggregates. 

Water-cement  ratio. 

Type  of  structure. 
Size  of  members. 
Quantity  of  reinforcing. 
Method  to  be  used  in  placing  con- 
crete. 

Maximum    permissible   size    of 

aggregates. 
Workability  and  consistency  of 

the  concrete. 

Table  III  will  serve  as  a  guide  in  selecting  the  correct 
water-cement  ratio  for  various  conditions  of  exposure. 

Table  III 

A  Guide  in  Selecting  the  Correct  Water-cement  Ratio  for 

Concrete  Under  Various  Conditions  of  Exposure 


\                           Class 

\                           °^ 
\                   Structure 

Water-cement  ratio 
Imperial  gallons  water  per 
Canadian  sack  of  cement  (') 

Exposure                           \ 

Reinforced 
piles, 
thin 
walls, 
light 
structural 
members 

Reinforced 

reservoirs, 

water 

tanks, 

pressure 
pipes, 
sewers, 
canal 

linings. 
Dams 
of  thin 

sections 

Heavy 

walls, 

piers, 

foundations. 

Dams 

of  heavy 

sections 

Extreme: 

In  severe  climates  as  in  Can- 
ada, exposure  to  alternate 
wetting  and  drying,  freez- 
ing and  thawing,  as  at  the 
water    line    in    hydraulic 
structures. 

Exposure  to  sea  water  and 
strong  sulphate  waters. 

(3000) 

(3300) 

4H 
(3000)  (2) 

Severe: 

In  severe  climates  as  in  Can- 
ada, exposure  to  rain  and 
snow    and    freezing    and 
thawing  but  not  continu- 
ously in  contact  with  wa- 
ter. 

4H 
(3000) 

(3000) 

5 
(2.500) 

Moderate- 
Concrete  completely  sub- 
merged and  protected  from 
freezing. 

5 
(2500) 

4K 
(3000) 

5M 
(2000) 

Protected: 

Ordinary  inclosed  structural 
members;  concrete  below 
ground  not  subject  to  ac- 
tion  of   corrosive   ground 
waters    or    freezing    and 
thawing. 

5M 

(2000) 

4H 
(.3000) 

(l.^iOO) 

The  above  table  is  predicated  on  the  use  of  materials 
and  methods  meeting  the  requirements  of  standard  specifica- 
tions and  recognized  good  practice. 

When  the  aggregates  have  been  selected  and  thc^  water- 
cement  ratio  decided  on,  the  actual  design  of  the  mix 
becomes  a  matter  of  determining  the  relative  quantities 
of  fine  and  coarse  aggregate  and  the  amount  of  water- 
cement  paste  required  per  unit  volume  of  concrete,  usually 
a  cubic  yard. 

The  object  of  designing  a  mix  is  to  secure  for  the  least 
cost  a  concrete  which  will  possess  adequate  workability  or 
placeability,  strength,  watertightness,  durability,  etc.,  from 
the  materials  available.  The  much  too  common  practice 
of  specifying  that  a  concrete  mix  shall  consist  of  one  part 
of  cement  to  so  many  parts  of  fine  and  coarse  aggregate 
by  volume  without  any  knowledge  of  the  characteristics  of 
the  aggregates  is  to  be  condemned  as  unscientific  and 
inadequate  if  either  economical  or  durable  concrete  is  to  be 
secured. 

There  are  methods  of  computing  approximately  the 
quantities  of  materials  required  in  a  concrete  mix,  notably 
that  developed  by  Abrams,  but  these  methods  require  a 
knowledge  of  the  characteristics  of  the  materials  and  even 
then  do  not  account  for  all  the  variables  and  result  only 
in  an  approximate  solution.  In  fact,  the  Abrams'  method 
does  not  claim  to  do  more  and  the  actual  mixing  of  trial 
batches  are  considered  a  necessity. 

The  procedure  in  designing  trial  batches  is  to  assume 
the  quantities  of  fine  and  coarse  aggregate,  cement  and 
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(')  Free  water  or  moisture  carried  by  the  aggregate  must  be 
included  as  part  of  the  mixing  water. 

(-)  Figures  in  brackets  indicate  the  approximate  compressive 
strength  of  the  concrete. 


Fig.  8. 

water  for  a  trial  batch  of  a  convenient  volume  of  concrete, 
to  mix  these  together  and  examine  the  mixture  for  work- 
ability, water-cement  ratio  and  other  desired  properties. 
Each  individual  who  happens  to  be  doing  this  work  will 
develop  his  own  technique  and  methods  of  arriving  at  a 
satisfactory  mix  with  as  few  trial  batches  as  possible.  One 
convenient  method  is  to  assume  slightly  less  fine  aggregate 
than  is  likely  to  be  required  and  to  add  more  when  and 
if  it  is  seen  to  be  necessary  for  workability  and  to  add  the 
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water  to  the  mix  a  little  at  a  time  until  the  desired  con- 
sistency is  obtained.  When  a  mix  of  suitable  workability 
is  secured  the  relative  amounts  of  each  ingredient  may  be 
computed,  the  volume  of  the  concrete  so  produced  measured 
or  computed  from  the  absolute  volumes  of  the  materials 
and  the  water-cement  ratio  determined.  With  a  little 
practice  it  will  be  possible  to  design  a  mix  of  suitable 
workability  with  usually  one,  and  not  more  than  two, 
trial  batches.    It  has  been  found  that  for  a  given  aggregate 


Fig.  9. 

combination,  and  for  a  given  consistency,  the  quantity  of 
water  required  per  unit  volume  of  concrete  will  be  constant 
regardless  of  the  water-cement  ratio.  Hence,  knowing  the 
quantity  of  water  required  per  unit  volume  of  concrete  it 
only  becomes  necessary  to  divide  the  total  number  of 
gallons  of  water  in  a  unit  volume  of  the  concrete,  by  the 
water-cement  ratio  in  gallons  per  sack,  and  to  increase  or 
decrease  the  amount  of  aggregate,  an  amount  equal  to  that 
required  to  maintain  a  constant  volume  of  concrete.  (See 
Fig.  10.) 

In  the  case  of  concrete  ranging  in  strength  around  3,000 
pounds  per  square  inch,  a  variation  in  the  water-cement 
ratio  of  one-half  gallon  of  water  per  sack  of  cement  cor- 
responds to  a  change  in  strength  of  approximately  500 
pounds  per  square  inch.  The  reason  for  stating  above 
that  this  conversion  method  should  not  be  used  without 
further  trial  batches,  if  the  change  were  greater  than  the 
amount  indicated,  is  because  when  large  changes  in  the 
cement  content  of  the  mix  are  made  a  change  in  the  grading 
of  the  aggregate  may  also  be  desirable.  Cement,  besides 
forming  the  water-cement  paste,  serves  as  fine  material 
and  increases  the  workability  of  the  mixture.  Hence,  the 
richer  the  mix,  the  more  workable  it  should  be,  and  it  is 
often  possible  to  alter  the  aggiegate  grading  by  reducing 
the  sand  content  and  thus  securing  a  more  balanced  design. 

CONCKETING  OPEEATIONS  IN  THE  FlELD 

There  are  many  elements  which  enter  into  proportion- 
ing, mixing,  and  placing  of  concrete  in  the  field  which  are 
sometimes  difficult  to  control  but  if  economical  and  durable 
concrete  is  to  be  secured  the  mixer  must  produce  uniform 
batches,  and  the  concrete  must  be  conveyed  to  and  placed 
in  the  forms  without  segregation. 

Aggregates  should  be  delivered  to  the  job  separated 
into  several  sizes.     In  no  case  should  a  pit-run  material 


be  used  without  first  separating  the  fine  from  the  coarse 
by  screening  and  then  use  them  from  their  separate  piles 
in  a  definitely  established  ratio;  firstly,  because  it  will  be 
found  impossible  to  secure  uniformly  graded  material  from 
a  pit-run  aggregate  and  secondly,  the  various  sizes  will 
separate  in  transportation  and  storage.  For  the  same 
reason  it  is  bad  practice  to  buy  ready-mixed  aggregate. 
As  a  general  rule  the  fine  aggregate  will  pass  the  ^  or 
3i-inch  screen  and  in  such  cases  no  trouble  will  be  ex- 
perienced from  segregation  of  the  various 
sizes,  also,  the  fine  aggregate  usually  contains 
sufficient  moisture  to  prevent  any  tendency 
of  this  nature.  Coarse  aggregate  varies  in 
size  from  about  34  of  an  inch  upwards,  the 
maximum  size  depending  upon  the  nature  of 
the  work.  When  the  maximum  size  is  large, 
nuich  segregation  will  occur  in  either  stock 
piles  or  bins.  The  lack  of  uniformity  of 
gi'ading  of  the  coai'se  aggregate  produced  in 
this  way  is  sufficient  in  many  cases  to  cause 
wide  variations  in  the  consistency  of  the  mix. 
The  obvious  solution  is  to  separate  this  ma- 
terial into  two  or  more  sizes  and  to  recombine 
them  as  stated  above.  In  cases  where  the 
range  in  size  is  not  too  large  and  conditions 
peimit  considerable  improvement  can  be 
secured  by  storing  the  material  in  low  stock 
piles  where  the  effect  of  segregation  will  be 
minimized.  The  aggregate  should  be  de- 
livered on  a  hard  clean  base  from  which 
shovelling  is  easily  performed  and  should 
always  be  shovelled  from  the  bottom  of  the 
pile  so  as  to  remix  it,  thus  securing  uni- 
foi'mity. 
The  next  step  in  the  production  of  uniform  concrete 
lies  in  the  measuring  of  the  various  materials.  It  has  been 
customary  in  the  past  to  proportion  by  volume,  but  recently 
the  practice  of  weighing  has  come  into  more  common  use 
with  good  results.  Weighing  has  the  advantage  of  being 
fundamentally  a  moie  accurate  method  of  measuring  aggre- 
gates, and  fuither,  the  effect  of  moisture  in  the  aggregates 
is  more  easily  controlled.  Moisture  in  the  coarse  aggregate 
has  little  effect  other  than  to  add  to  the  mixing  water,  but 
moisture  in  the  fine  aggregates  besides  adding  to  the  mixing 
water  causes  bulking  of  the  sand.  This  bulking  amounts 
to  an  increase  in  volume  ranging  up  to  about  40  per  cent, 
depending  upon  the  amount  of  moisture  present  and  the 
grading  of  the  fine  aggregate.  Bulking,  of  course,  is  only 
an  apparent  increase  in  cjuantity  and  when  not  compensated 
for  by  increasing  the  amount  of  fine  as  measured  by  the 
volume  method,  results  in  a  deficiency  of  fine  which  de- 
creases the  yield  and  woi'kability  of  the  concrete.  With 
the  moisture  content  changing  from  day  to  day,  or  even 
from  hour  to  hour,  it  is  not  easy  to  measure  the  desired 
fiuantities  of  fine  aggregate  accurately  by  the  volume 
method. 

The  mixer  should  be  of  adequate  capacity  and  design 
to  handle  the  materials  being  used  and  to  produce  sufficient 
concrete  for  continuous  placing.  The  rate  at  which  the 
mixer  turns  should  he  sufficient  to  mix  thoroughly,  but 
should  not  be  so  great  that  the  centrifugal  force  will  cause 
the  particles  of  aggregates  and  cement  to  be  thrown  to 
and  remain  on  the  drum  of  the  mixer.  The  time  of  mixing 
should  be  sufficient  to  cause  a  complete  mixture  of  the 
ingiedients  and  should  never  be  less  than  one  and  one-half 
minutes.  The  mixer  should  discharge  a  homogeneous  batch 
of  concrete  and  not  one  in  which  the  mortar  is  first  delivered 
and  finally  the  coarse  aggregate. 

Two  factors  enter  into  transportation  of  the  mixed  con- 
crete: time  and  s(>gregation.    The  element  of  time  between 
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niixiug  and  placing  is  usually  given  adequate  recognition 
and  is  only  a  problem  in  special  cases.  Recent  tests  in- 
dicate that  provided  the  concrete  is  placed  in  the  forms 
within  two  hours  of  the  time  it  is  first  mixed,  and  provided 
that  no  addition  of  Avater  is  added,  the  strength  remains 
unchanged.  Too  frequently  the  methods  of  conveying  the 
concrete  from  the  mixer  to  the  forms  permit  considerable 
segregation.  This  is  to  be  carefully  avoided  if  durable 
concrete  is  to  be  obtained  and  the  concrete  should  arrive 
at  the  forms  in  as  uniform  a  state  as  when  it  left  the  mixer. 
Any  method  which  accomplishes  this  may  be  considered 
satisfactory. 

Methods  of  Placing 

Poor  methods  of  placing  concrete  have  been  found  to 
account  for  a  greater  number  of  failures  than  any  other 
single    cause.     A    few    simple    rules,    if    observed,    should 
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result  in  a  (!onci-ete  of  a  homogeneous  and  durable  character. 
(a)  The  concrete  should  be  placed  where  it  is  to 
remain  and  should  not  be  deposited  in  one  spot  and  allowed 
to  flow  to  other  parts  of  the  form.  If  permitted  to  flow, 
the  water  and  finer  materials  will  find  their  way  to  the 
sides  and  corners  of  the  forms,  resulting  in  a  material  of 
high  water-cement  ratio  and  low  strength  in  the  parts  most 
vulnerable  to  attack. 

(5)  Lift  planes  should  be  avoided  wherever  possible. 
It  has  been  common  practice  in  the  past  when  filling  a 
form  to  cease  operations  at  intervals  to  allow  the  relief 
of  pressure  on  the  forms,  or  for  the  construction  of  addi- 
tional form  work.  Considerable  difficulty  has  been  ex- 
perienced in  bonding  a  lift  of  concVete  to  the  one  previously 
placed  and  the  result  is  seen  in  nearly  all  dams,  piers  and 
retaining  walls,  in  the  form  of  horizontal  joints  or  lift  planes. 
A  superior  practice  is  to  complete  the  filling 
00  of  any  form  in  one  continuous  operation  and 

thus  avoid  the  danger  of  poor  joints.       (See 
Fig.  11.)     Figure  12  shows  piers  25  feet  high 
""  placed  in  one  continuous  operation  making 

a  true  monolith. 
00  ^  3ll:(c)     Concrete  should  be  placed  in  layers 

not  exceeding  one  foot  in  thickness.     Each 
successive  layer  should  cover  the  entire  area 
OO  of  the  form  and  should  be  well  worked  into 

the  previous  layer.     Not  more  than  one-half 
to   three-quarters   of   an   hour  should  elapse 
°°  between  layers.    These  requirements  demand 

good  forms  and  a  mixer  of  sufficient  capacity 
00  to  supply  the  concrete  at  the  necessary  rate. 

[d)     Water  gain   should   be   avoided   or 
taken  care  of.      When  concrete  is  deposited 
°°  in  the  forms  and   allowed   to   remain  undis- 

turbed, as  should  be  done  in  placing,  there  is 
^^  a  tendency  for  the  water  to  rise  toward  the 

top  of  the  mass.      In  its  upward  travel  the 
I      water  is  impeded  by  the  aggregate  and  rein- 
00    ^      forcing  steel.      The  result  is  an  increase  in  the 
"2      water  content    of    the    mortar    immediately 
^      under  the  coarse  aggregate  particles  and  at  or 
I      near  the  top  of  the  mass.     Water  gain  has 
-5      been  found  to  be  a  manifestation  of  the  ten- 
500  ^£      dency  of  a  cement  to  "bleed"  or  to  give  up 
^      the  water  mixed    with    it.     The  "bleeding" 
I      tendency  of  the  cement  has  been  found  to  be 
^°°  <S      reduced  as  the  fineness  of  the  cement  is  in- 
o      creased  and  water  gain  in  the  mix  is  reduced 
5„„   I      as  the  design  of  the  mix  is  improved  and  is 
o      less  for  the  dryer  than  for   the  wetter  con- 
sistencies.    Frequently    water    is    found    to 
«oo  collect  on  the  top  of  the  concrete  in  the  form 

while  placing  and  this  accumulated  water  can 
be  absorbed  by  a  few  batches  of  dryer  con- 
^°°  Crete  provided  that  the  quantity  is  not  too 

great.  Where  the  quantity  of  water  is  too  great 
eoo  it  is  advisable  to  renaove  it  from  the  forms. 


Chart    8        To 


■on  vert  grams  of   AMre^ate  h  cubic  feet  - 
Cubic   Feet  of    Atjgre^Qle   -  absolute  volurn 


..,.a^..-./.: 

s  s  ? 


absolute  volume 

c.      Apji  Sftecif'C  Croviljj  ■ 


{■ 


8?S8S8«828«JSSS§a8 


?8S58Sg«88? 
Oroms  of    At^qre^ate 

Fig.  10. 


nnKsHnninHKs 


Vibration 

In  the  past,  concrete  has  been  almost 
entirely  placed  with  the  aid  of  hand  tools, 
but  more  recently  mechanical  vibrators  have 
come  into  prominent  use. 

Vibration  is  a  new  development  and  un- 
doubtedly is  a  decided  advancement  in  the 
art  of  making  concrete,  but  because  it  is  new 
our  knowledge  of  its  effect  is  not  complete.  At 
present,  at  least,  it  should  be  considered  only 
an  aid  to  the  placing  and  compacting  of 
the  concrete  in  the  forms.  This  will  permit 
the  successful   placing  of  dryer  and  harsher 
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mixes  than  by  hand  methods.  This  makes  possible  either 
a  saving  in  cement,  if  a  constant  water-cement  ratio  is 
maintained,  or  an  increase  in  the  strength  of  the  concrete 
if  the  cement  content  is  unchanged.  Existing  data  would 
indicate  that  a  saving  in  man  power  in  placing  the  concrete 
is  also  possible.  Against  the  saving  in  cement  and  labour 
must  be  balanced  the  cost  of  vibrating  but  it  is  generally 
conceded  that  an  over  all  saving  in  cost  is  secured.  In 
addition  to  the  immediate  saving  in  cost  of  the  concrete 


Fig.  11. 

the  effect  of  lower  cement  and  water  content,  increased 
density,  and  a  lesser  tendency  towards  segregation  and 
water  gain,  cannot  be  overlooked  in  the  quality  of  the 
concrete  produced.  It  was  mentioned  above  that  the 
design  of  the  mix  may  be  changed  to  effect  a  saving  and 
in  this  connection  it  has  been  established  that  it  is  necessary 
to  reduce  the  water  and  fine  aggregate  content  in  the  mix 
to  secure  satisfactory  results.  This  is  so  because  the  effect 
of  vibration  reduces  the  internal  friction  of  the  mixed 
particles  to  such  an  extent  that  if  mixes  of  ordinary  work- 
ability and  consistency  are  used  segregation  will  result. 
The  amount  of  vibration  required  will  depend  upon  the 
mix  and  the  nature  of  the  work,  and  care  should  be  taken 
that  it  is  not  overdone  to  the  extent  of  causing  segregation. 

Bonding  New  to  Old  Concrete 
It  has  been  stated  that  horizontal  joints  or  lift  planes 
should  be  avoided  wherever  possible.  At  times  this  is 
impossible  and  at  other  times  it  becomes  necessary  to  bond 
new  to  old  concrete.  Where  it  is  impossible  to  avoid  lift 
planes  the  top  surface  of  the  concrete  should  be  approx- 
imately a  smooth  surface.  It  need  not,  of  course,  be  a 
plane  surface,  nor  need  it  be  carefully  finished,  but  it 
should  be  smooth  enough  to  permit  easy  and  thorough 
cleaning  and  an  effective  glueing  of  the  next  lift  of  con- 
crete to  the  hardened  surface.  When  water  gain  takes 
place  in  a  setting  concrete  mass  the  rising  water  carries 
to  the  surface  very  fine  particles  of  aggregate  and  hj^drated 
cement,  depositing  them  there  as  a  layer  of  laitance.  This 
substance  has  a  chalky  appearance,  having  no  appreciable 
strength,  and  of  a  porous  character.  Immediately  below 
the  laitance  layer  the  concrete  may  be  weakened  and  made 
porous  through  water  gain. 

In  general,  the  securing  of  watertight  joints,  when 
bonding  new  to  old  concrete,  is  difficult,  but  if  bonding 
must  be  resorted  to  the  following  methods  may  be  used 
with  fair  success: 

First  Method: 

(a)     Thoroughly  clean  and  dampen  the  surface  of  the 

concrete. 
(/;)     Sprinkle  neat  cement  on  the  dampened  surface 
to  a  depth  of  about  1/16  inch. 


(c)  As  soon  as  the  cement  becomes  wet  through  from 
the  moisture  below,  cover  it  with  about  one  inch 
of  mortar  made  with  one  part  cement  to  two  parts 
sand. 

(d)  Proceed  on  top  of  this  with  the  regular  concrete. 

The  cement  film  on  the  surface  of  the  concrete  acts  as 
a  cushion  to  receive  the  grains  of  sand  of  the  mortar  and 
the  mortar  acts  as  a  thicker  cushion  to  receive  the  coarse 
aggregate  of  the  regular  mix. 

Second  Method: 

This  method  consists  simply  of  cleaning  and  dampening 
the  surface  of  the  concrete  and  covering  it  with  a  rich 
cement  grout,  generally  a  1  to  2  mix,  to  a  depth  of  about 
one  inch  in  which  the  regular  concrete  is  placed. 

These  precautions  are  necessary  if  watertight  joints  are 
to  be  secured  and  from  experience  too  much  care  cannot 
be  taken.  It  will  now  become  obvious  that  bonding  new 
to  old  concrete  in  a  satisfactory  manner  is  not  an  easy 
matter,  is  costly,  and  wherever  possible  should  be  avoided 
by  adopting  such  methods  as  will  permit  continuous  plac- 
ing. 

Curing 

It  was  pointed  out  earlier  that  time  and  definite  con- 
ditions of  temperature  and  moisture  are  necessary  for  the 
concrete  to  develop  its  required  properties.  The  conditions 
required  are  the  same  in  all  cases  but  the  method  of  attain- 
ing them  may  be  different  on  different  works. 


Fig.  12. 

Curing  means  the  hydration  of  the  compounds  of  the 
cement.  Their  hydration  is  a  slow  chemical  reaction  even 
under  favourable  conditions.  For  example,  the  result  of 
many  tests  show  that  concrete  under  moist  conditions  at 
70  degrees  F.  acquires  during  its  first  seven  days  about 
two-thirds  of  its  twenty-eight  day  strength,  and  during  its 
first  twenty-eight  days  about  50  per  cent  of  its  five-year 
strength.  The  percentage  of  the  different  components  of 
Portland  cement  and  the  time  they  take  to  react  with 
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water,  as  mentioned  under  "Components"  and  "Hydration 
of  Portland  Cement,"  will  be  found  to  be  in  harmony  with 
these  average  strengths  at  these  ages.  Hence  the  im- 
portance that  the  average  concrete  be  protected  against 
low  temperatures  and  kept  damp  for  a  period  of  at  least 
ten  to  fifteen  days.  However,  the  service  to  which  the 
concrete  is  to  be  subjected,  the  size  of  the  members,  the 
thickness  of  the  slabs  and  the  season  of  the  year  in  which 
it  is  laid  have  to  be  taken  into  consideration.     The  smaller 
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Fig.  13— Vibration  Studies.* 

the  member  or  the  thinner  the  slab  the  more  protection 
it  should  be  given. 


*Curves  taken  from  a  paper  entitled  "Vibrated  Concrete,"  by 
T.  C.  Powers,  published  in  Vol.  29  of  the  .Journal  of  The  American 
Concrete  Institute. 


Concrete  that  is  allowed  to  dry  too  soon  after  being 
laid,  especially  small  members  and  thin  slabs,  such  as 
road  and  floor  slabs,  will  contract  due  to  loss  of  moisture 
and  will  be  subjected  to  stresses  that  are  often  greater 
than  the  strength  developed,  thus  causing  cracks.  These 
cracks  may  not  be  visible  to  the  naked  eye  for  days  or 
even  weeks,  nevertheless,  they  were  developed  in  that 
early  tender  period. 

In  recent  years  more  and  more  concreting  operations 
have  taken  place  during  the  late  fall  and  winter  months 
and  there  is  no  objection  to  that  as  long  as  the  proper 
precautions  are  taken.  For  instance,  no  one  would  think 
of  growing  flowers  and  vegetables  in  the  winter  months 
in  this  country  without  doing  so  under  artificial  conditions. 
The  growth  of  these  is  due  to  chemical  reactions  which 
do  not  take  place  unless  the  conditions  are  propitious. 
It  is  the  same  with  concrete.  What  the  concretor  has 
to  do  is  to  learn  that  he  must  carry  on  his  winter  opera- 
tions under  artificial  conditions. 

In  conclusion  it  may  not  be  amiss  to  say  that  our 
knowledge  of  the  proper  use  of  cement  has  not  spread  as 
fast  as  its  use.  The  methods  in  vogue  thirty-five  years 
ago  are  still  in  use  today  and  this  is  true  even  on  works 
of  considerable  proportions. 

Our  city  building  codes  might  well  afford  greater 
protection  to  builders  and  owners  by  demanding  of  con- 
c  re  tors  some  proof  of  their  ability  and  willingness  to 
manufacture  and  properly  place  concrete  of  good  quality. 
By  such  means  the  efficient  and  conscientious  contractors 
would  be  benefited  and  the  public  would  be  protected 
against  inefficiency  and  the  unscrupulous. 

The  significance  of  studies  of  methods  whereby  more 
durable  and  serviceable  concrete  may  be  produced  is 
revealed  when  one  looks  into  the  immense  increase  in  the 
use  of  cement  in  a  comparatively  short  period.  In  1900 
this  country  consumed  less  than  500,000  barrels.  In  1920, 
nearly  6,000,000;  in  1925,  over  7,000,000;  and  in  1929,  over 
12,000,000  barrels  of  cement  were  used.  Since  then  the 
consumption  has  materially  decreased  but  this  can,  no 
doubt,  be  considered  temporary. 

12,000,000  barrels  of  cement  represent  in  round  figures 
10,000,000  cubic  yards  of  concrete  and  at  an  average  cost 
of  $10.00  per  cubic  yard,  this  would  amount  to  $100,000,000. 
The  annual  expenditure  of  this  sum  of  money  indicates  the 
magnitude  of  the  concrete  industry  in  Canada  and  in  the 
opinion  of  the  authors  justifies  the  expenditure  of  con- 
siderable effort  in  securing  concrete  of  better  quality  than 
much  of  that  produced  today.  The  added  inconvenience 
and  cost  of  repairing  or  replacing  leaking  walls,  dams, 
dusting  floors,  crumbling  and  unsightly  structures  of  many 
kinds  certainly  warrants  the  study  of  known  methods  of 
producing  serviceable  and  durable  concrete. 
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Electric  Heating 

As  Applied  to  Hydraulic  Control  Gates,  Buildings  and  Industrial  Processes 

Lee  P.  Hynes, 
Presidenf,  Hynes  Electric  Heating  Company,  Philadelphia,  Pa. 

Paper  presented  before  the  Montreal  Branch  of  The  Engineering  Institute  of  Canada,  April  11th,  1935. 

SUMMARY. — The  author  discusses  methods  of  employing  electric  heating  for  the  prevention  of  ice  troubles  in  hydraulic  regulating  gates  and  the 
equipment  desirable  for  this  purpose.  Notes  follow  on  the  use  of  electrical  energy  for  heating  power  houses,  substations  and  buildings  generally.  The 
paper  also  deals  with  some  problems  connected  with  industrial  heating  processes. 


Heat  is  produced  in  an  electric  circuit  by  introducing 
some  conductor  which  resists  the  flow  of  current.  This 
resistor  may  be  a  metallic  wire  or  ribbon  supported  on 
suitable  insulators  or  embedded  in  a  compacted  refractory 
material.  It  may  be  some  form  of  non-metallic  conductor, 
rod,  plate,  or  filament.  Some  liquids  may  be  used  as  heat 
producing  resistors,  a  familiar  example  being  the  electrode 
boiler.  Heat  may  also  be  producecl  by  induction  at  high 
frequency. 

In  Canada  great  I'csources  in  water  power  help  to 
offset  a  lack  of  certain  fuels.  An  abundant  supply  of  low 
cost  electric  power  has  made  possible  several  developments 
in  electric  heating  which  conditions  in  the  United  States 
have  not  encouraged.  There,  the  higher  cost  for  electric 
power  and  the  competition  of  highly  developed  automatic 
fuel  heating,  have  forced  an  intensive  study  of  ways  to 
apply  and  control  electric  heat.  Like  all  new  developments, 
it  has  suffered  somewhat  from  overzealous  promotion  and 
inexperienced  planning.  However,  progress  is  being  made 
and  electrically  produced  heat  is  beginning  to  receive  the 
consideration  it  deserves. 

Electric  Heating  as  a  Means  of  Ice  Prevention 

The  entire  field  of  electric  heating  is  so  large  that  only 
a  few  of  its  phases  can  be  discussed  here.  One  subject  of 
special  interest  is  ice  prevention,  particularly  in  relation 
to  hydroelectric  projects.  In  many  parts  of  Canada  winter 
conditions  are  particularly  severe  but  also  in  much  of  the 
northern  portion  of  the  United  States  there  is  trouble  with 
ice.  This  trouble  is  not  entirely  proportional  to  the  severity 
of  the  climate  but  depends  somewhat  upon  the  charac- 
teristics  of   the   river.      Large    streams,    like    the   Susque- 


Fig.  1 


-Troublesome  Ice  Formations  with  Unheated 
Two-Leaf  Gates. 


hanna  river,  which  have  a  rapidly  changing  flow,  require 
careful  regulation  wherever  dams  are  built.  Experience 
at  ('onowingo  and  Safe  Harbour  has  definitely  proved  the 
value  of  electric  gate  heaters  even  for  the  comparatively 
mild  climate  of  southern  Pennsylvania. 


Wherever  freezing  occurs,  ice  must  be  combatted  at 
seals,  guides,  gate  faces  and  sills.  The  ice  problems  are 
essentially  the  same  for  all  types  of  gates  and  require 
similar  treatment.  Air  bubblers  help  to  reduce  surface  ice 
formation  on  the  pond  but  heat  is  also  necessary  to  keep 
gates  in  an  operating  condition.  Electric  heat  has  proved 
particularly  suitable  for  this  service  and  some  methods  of 
applying  it  will  be  considered. 

When  gates  are  opened  any  adjacent  equipment  is 
subjected  to  powerful  water  currents,  floating  ice  and  logs, 
so  that  any  heating  structure  used  must  be  capable  of 
withstanding  such  conditions  as  well  as  exposure  to  weather. 
A  practical  method  for  heating  seals  and  guides  has  been 
found  by  providing  heater  wells  in  the  masonry.  In  some 
instances  this  is  done  by  embedding  a  4-inch  pipe  near  the 
roller  bearing  guide  plates  and  the  seals.  An  even  better 
method  is  to  form  the  guides  of  structural  steel  members  so 
that  the  roller  track  forms  one  wall  of  a  hollow  rectangular 
well.  In  any  case,  it  is  essential  to  provide  suitable  heater 
wells  when  designing  the  masonry  structure  of  a  dam. 
These  wells  must  extend  from  the  surface  of  the  dam  down 
to  the  sill  and  have  drainage  holes  at  the  bottom.  They  do 
not  need  to  be  waterproof  at  any  point,  their  function 
being  merely  to  provide  a  protected  space  into  which 
suitable  heaters  may  be  inserted. 

The  heaters  themselves  must  be  completely  water- 
proof. They  give  their  heat  to  the  walls  of  the  well  and  it  is 
conducted  througli  the  guide  plate  and  the  adjacent  masonry 
so  that  ice  will  not  form  where  it  can  interfere  with  free 
movements  of  the  gate.  Many  types  of  heater  construction 
have  been  tried  but  experience  has  indicated  that  one  of 
the  most  practical  methods  so  far  developed  is  to  construct 
sectional,  waterproof  heater  casings  of  metal  tubing  of 
23^-inch  pipe  size.  The  bottom  is  sealed  and  the  top  is 
closed  by  a  waterproof  fitting  arranged  for  threaded  conduit 
connection. 

Inside  this  waterproof  casing  is  located  a  long  flexible 
heating  element  manufactured  in  convenient  sections  for 
shipment  and  field  splicing,  and  consisting  of  a  series  of 
rigid  porcelain  blocks  mounted  on  a  flexible  flat  metal  bar. 
These  insulators  have  substantial  ribs  which  guide  loosely 
against  the  sides  of  the  casing.  Flexible  Nichrome  heating- 
elements  extend  through  openings  in  these  insulators  and 
are  safely  spaced  away  from  the  metal  walls  of  the  casing. 
This  construction  permits  flexibility  and  avoids  breakage 
in  handling  or  from  expansion  and  contraction.  The 
glazed  porcelain  insulators  readily  withstand  heat  and 
moisture  and  no  difficulty  is  experienced  with  properly 
installed  heaters  on  550-volt  service. 

The  pipe  casings  are  carefully  fabricated  in  con- 
venient lengths,  thoroughly  cleaned  inside,  and  marked 
for  field  assembly.  After  assembly  the  complete  casings 
should  be  tested  with  air  under  pressure  for  loose  connec- 
tions. Each  casing  can  then  be  lowered  into  a  heater  well 
and  permitted  to  hang  freely  from  its  top  fitting.  All 
inlet  openings  should  be  kept  carefully  plugged  until  the 
heating  elements  are  installed  so  that  water  and  dirt  will 
not  get  into  the  heater  casings. 
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As  the  heater  sections  are  spHccd  togctlior  the  electrical 
circuits  are  joined  by  flexible  metal  bus  bars.  They  are 
then  lowered  into  the  heatei-  casings  through  a  3-inch 
threaded  opening  in  the  top  fitting.  The  top  heater  section 
is  provided  with  a  hoisting  hook  which  engages  a  shoulder 
in  the  top  fitting  of  the  heater  casing  so  that  the  entire 
heater  hangs  suspentled  by  this  hook.  This  leaves  it  com- 
pletely free  to  expand  or  contract  without  strain  or  buck- 


Fig.  2- 


-Safe  Harbour  Dam  with  Heaters  Installed  in 
Masonry. 


ling.  Each  insulator  is  spaced  from  its  neighbour  so  that 
regardless  of  the  length  of  the  assembled  heating  element 
no  insulator  has  any  strain  except  its  own  weight.  The 
flat  metal  strip  acts  like  a  backbone  to  carry  all  the  insula- 
tors. Suitable  terminals  are  provided  on  the  top  insulator 
so  that  it  is  a  simple  matter  to  connect  circuit  cables  from 
the  conduit.  After  this  is  done  a  3-inch  pipe  plug  is  screwed 
into  the  top  opening,  through  which  the  heater  was  inserted, 
thus  making  a  water-tight  closure. 

When  the  heaters  are  ready  for  testing  all  the  top 
plugs  should  be  removed  and  the  heat  be  turned  on  foi- 
about  thirty  minutes  to  thoroughly  dry  out  any  moisture 
which  may  have  condensed  inside  the  heater  casings  during 
construction.  Each  heater  should  then  be  tested  for 
insulation  to  ground.  Forty  megohms  is  easily  obtained 
although  readings  will  often  run  as  high  as  100  megohms, 
depending  upon  the  amount  of  moisture  present.  Moisture 
will  not  break  down  the  heaters  but  every  precaution 
should  be  taken  to  avoid  reduced  insulation  value,  parti- 
cularly when  heater  circuits  are  connected  to  the  station 
ground-indicator  system. 

It  is  seldom  advisable  to  connect  several  heaters  in 
series  as  this  complicates  the  wiring  and  in  case  of  circuit 
trouble  in  the  conduits  may  cause  an  improper  voltage  to  be 
impressed  upon  some  of  the  heater  sections. 

Heaters  should  be  arranged  in  groups  of  convenient 
size  with  a  balanced  phase  load,  each  group  being  controlled 
by  an  independent  switch  and  fuses.  Remote  control  is 
desirable  so  that  heaters  at  any  location  can  be  thrown  on 
from  a  convenient  station  in  the  power  house. 

The  complete  heating  system  should  be  tested  early 
each  fall  while  the  weather  is  still  good,  each  group  being 


isolated  and  tested  with  a  megger  to  locate  any  insulation 
fault.    A  check  of  the  circuit  loads  should  also  be  made. 

In  addition  to  heating  the  vertical  gains  it  is  often 
necessary  to  heat  the  interior  of  gates.  The  best  method 
is  to  close  in  the  downstream  side  with  heavy  matched 
lumber  and  building  paper  so  as  to  make  a  closed  air  com- 
partment. Heaters  are  then  placed  inside  of  this  compart- 
ment. Interposing  this  warm  air  chamber  between  the 
cold  air  and  the  face  of  the  gate  prevents  the  freezing  of 
heavy  ice  masses  on  the  upstream  face.  By  locating  a 
considerable  amount  of  heat  as  low  down  as  possible,  the 
gate  bottom  can  be  warmed  sufficiently  to  reduce  ice  forma- 
tion where  it  rests  on  the  sill.  This  is  important  so  that 
when  the  gate  is  raised  it  will  not  pull  the  sill  timber  up 
from  its  bed.  Where  gates  are  heated  internally  the  top 
and  the  face  above  the  water  line  should  be  covered  with 
matched  lumber  and  building  paper  to  reduce  heat  losses. 

Large  rectangular  gates  of  the  Stoney  type  have 
numerous  partitions  which  serve  as  structural  braces. 
These  interfere  with  the  installation  of  heaters.  Horizontal 
waterproof  pipe  heaters  of  similar  construction  to  those 
described  for  the  gains  may  be  installed.  Some  of  these 
should  be  located  close  to  the  bottom  so  that  some  heat  will 
be  conducted  toward  the  gate  sill.  Other  heaters  can  be 
spaced  at  higher  levels  according  to  local  conditions  and 
height  of  water  line. 

Another  method  of  applying  internal  gate  heaters  to 
this  type  of  gate  is  to  cut  a  series  of  vertically  aligned  holes 
through  the  horizontal  partition  plates  and  to  insert  from 
the  top,  vertical  heater  pipes.  This  arrangement  is  com- 
pletely waterproof,  is  protected  against  mechanical  damage, 
and  has  convenient  and  readily  accessible  connection 
fittings  at  the  top.  Heaters  can  be  designed  so  that  any 
section  of  the  vertical  heater  will  deliver  concentrated  heat 
at  any  desired  point. 

It  is,  of  course,  necessary  to  have  flexible  connections 
to  carry  the  electrical  circuit  from  the  stationary  dam 
structure  to  the  movable  gate.  Cables  can  be  connected 
with  plugs  and  receptacles  if  care  is  taken  to  house  them  in 
a  suitable  shelter  from  the  weather.     In  some  cases  it  is 


Fig.  3 — Inserting  Flexible  Electric  Heater  in  Curved 
Pipe  Casing. 

thought  better  to  make  a  splice  in  the  cable.    If  necessary, 
this  can  be  disconnected  and  spliced  again. 

Taintor  gates  can  be  heated  in  a  similar  manner  to 
vertical  lift  gates  by  installing  curved  wells  in  the  masonry 
at  the  back  of  the  guide  plates.  Curved  waterproof  heater 
casings  of  the  same  radius  can  readily  be  inserted  and  the 
flexible  heating  elements  will  slide  freely  into  this  curved 
casing.  Conduit  connection  can  be  made  at  the  top  exactly 
as  for  vertical  heaters.    For  the  internal  heating  of  Taintor 
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gates  the  downstream  face  should  be  closed  in  with  timber 
and  building  paper  and  horizontal  heater  pipes  installed  in 
the  bottom  corner  of  the  gate  over  the  sill.  Conduit  con- 
nection from  this  heater  can  be  brought  out  to  the  pivot 
point  of  the  gate  so  that  a  flexible  cable  connection  will  have 
a  minimum  movement  when  the  gate  is  raised  or  lowered. 
Motor  driven  blowers  have  been  tried  for  circulating 
warm  air  throughout  gate  interiors.  By  cutting  holes 
through  the  partition  plates,  and  erecting  suitable  baffle 


Fig.  4 — Waterproof  Gate  Showing  Top  Fitting  and 
Heating  Element. 

walls,  a  complete  air  circuit  can  be  arranged.  This  method 
does  not  seem  to  have  any  advantage  over  direct  electric 
heating  without  a  blower  and  appears  to  have  some  dis- 
advantages. A  motor  driven  blower  located  within  a  gate 
is  not  readily  accessible  and  if  it  fails  for  any  reason,  the 
air  circulation  ceases.  Where  heating  elements  are  ar- 
ranged in  a  compact  group  adjacent  to  a  fan  the  highly  con- 
centrated heat  is  carried  away  by  the  rapidly  moving  air 
blast  but  if  this  ceases  for  any  reason  a  thermal  protection 
device  must  function  to  cut  off  the  heat  energy,  and  prevent 
local  overheating.  It  would  seem  that  gate  heating  is  too 
important  to  depend  upon  the  operation  of  any  automatic 
equipment,  and  that  if  a  fan  is  to  be  used  at  all,  the  heaters 
should  be  distributed  throughout  the  interior  of  the  gate 
in  such  a  way  that  they  could  continue  to  operate  satis- 
factorily in  case  of  interruption  to  the  air  flow. 

Any  heater  located  within  a  gate  should  be  fully 
enclosed  so  as  to  be  waterproof  and  protected  from  mechan- 
ical damage  at  all  times.  In  other  words,  it  is  advisable  to 
use  the  same  type  and  location  of  heaters  in  a  gate  whether 
fan  circulation  is  used  or  not  and  it  is  to  be  doubted  whether 
anything  is  gained  by  using  a  fan.  It  only  adds  to  the  first 
cost  of  the  equipment,  to  the  necessity  for  inspection,  and 
to  upkeep.  The  fan  also  has  the  disadvantage  of  distribu- 
ting the  heat  about  equally  over  the  downstream  and  the 
upstream  faces  of  the  gate  whereas  direct  heating  permits  a 
better  control  of  heat  application  through  conduction  and 
local  radiation  to  adjacent  gate  surfaces. 

It  has  also  been  proposed  to  heat  gates  by  means  of 
pipes  through  which  electrically  heated  oil  is  pumped.  A 
pump  has  at  least  as  many  chances  for  failure  as  a  fan  and 
the  heating  of  oil  is  a  more  exacting  problem  than  the 
heating  of  air.  Circulating  hot  oil  is  a  useful  heating 
medium  for  some  types  of  industrial  process  work  but  there 
does  not  appear  to  be  any  advantage  in  using  it  for  gate 
heating.  In  fact  it  would  be  less  satisfactory  than  direct 
gate  heaters  in  at  least  three  important  respects. 

Greater  original  cost; 

Less  reliability  under  all  service  conditions,  par- 
ticularly on  the  higher  voltages; 

Greater  maintenance  and  inspection  costs. 
Waterproof  electric  heaters  similar  to  those  described 
can  be  buried  in  earth  or  concrete  to  combat  ice.     They 
can  be  installed  in  valve  pits,  surge  tanks,  air  vents,  down- 


spouts, risers  to  water  towers  and  similar  places.  Straight 
or  curved  sections  of  any  length  can  be  installed  as  easily 
as  steam  pipes.  Electric  heaters  never  freeze  up  and 
require  no  drainage  connections,  and  where  ample  power  is 
available  they  have  many  practical  uses. 

There  have  been  many  efforts  to  combat  frazil  ice  by 
means  of  electric  heat.  Experiments  have  been  made  by 
Mr.  C.  R.  Reid  at  Shawinigan  Falls  and  somewhat  similar 
work  has  been  done  on  a  smaller  scale  in  the  United  States. 
The  best  method  seems  to  be  the  one  used  by  Mr.  Reid, 
which  was  to  connect  the  steel  trash-rack  bars  in  series 
with  each  other,  using  wooden  timbers  for  insulating 
spacers.  A  high  current  was  passed  through  these  bars  so 
that  they  served  as  resistors.  It  is,  of  course,  impossible  to 
raise  the  temperature  of  the  river  itself  but  ice  is  a  com- 
paratively good  heat  insulator.  When  it  starts  to  form  on 
the  surface  of  the  bars  it  shields  them  from  the  cold  water 
and  their  surface  temperature  is  raised  sufficiently  to  loosen 
the   ice   film. 

This  method  requires  the  installation  of  large  trans- 
formers and  while  in  operation  may  require  a  considerable 
proportion  of  the  station  output,  but  it  will  undoubtedly 
prevent  blocking  of  the  intake  bars.  Fortunately  this  type 
of  ice  condition  occurs  for  rather  short  and  infrequent 
periods  so  that  as  a  matter  of  insurance  against  shut-down 
the  installation  may  sometimes  be  justified.  It  is  believed 
there  is  no  other  way  in  which  heat  can  be  successfully 
applied  to  combat  this  troublesome  ice  problem. 

The  Hkating  of  Power  Houses,  Substations,  Etc. 

There  is  a  great  deal  of  waste  heat  from  generators  and 
other  electrical  apparatus,  some  of  which  can  be  utilized 
to  advantage  for  heating  purposes.  Where  attendants  are 
always  present  it  is  possible  to  regulate  manually  the 
delivery  of  hot  air  from  electrical  equipment  for  room 
heating,  but  this  can  be  more  satisfactorily  accomplished 
by  automatic  regulation.  A  thorough  air  circulation  is 
necessary  in  order  to  distribute  and  equalize  the  heating 
effect,  and  in  some  cases  waste  heat  from  electrical  machin- 
ery can  be  conveyed  to  other  rooms  for  heating  purposes. 
When  there  are  periods  in  which  little  waste  heat  is  available 
combination  systems  can  be  arranged  which  normally 
utilize  waste  heat  but  call  upon  auxiliary  heaters  when 
necessary. 

Some  hydro-electric  stations  use  large  portable  electric 
fan  heaters,  mounted  on  wheels  so  that  they  can  be  rolled 
into  position,  and  connected  by  cable  and  plug  to  stationary 
receptacles.  Heaters  of  this  kind  should  have  built-in 
automatic  control,  mounted  with  the  motor,  on  the  cool  air 
intake  side.  These  heaters  are  also  useful  for  emergency 
heating  purposes,  such  as  drying  out  wet  machines.  In 
other  stations  heaters  are  mounted  on  the  walls  at  various 
locations  so  that  they  can  be  started  when  needed. 

A  completely  automatic  system  has  recently  been 
designed  which  will  bleed  from  the  generators  just  enough 
waste  heat  for  the  winter  heating  requirements,  regardless 
of  varying  weather  conditions  and  generator  loads.  This 
heat  will  be  thoroughly  circulated  by  blowers  handling  a 
total  of  36,000  cubic  feet  per  minute.  Auxiliary  electric 
heating  will  be  installed  to  take  care  of  certain  emergency 
conditions. 

An  outdoor  supply  of  fresh  air  will  be  introduced 
under  selective  automatic  control  when  required  for 
cooling  the  building.  This  will  vary  in  volume  as  required, 
up  to  a  maximum  of  36,000  cubic  feet  per  minute.  All  of 
this  equipment  is  completely  automatic  and  will  function 
properly  without  any  manual  operation.  Both  heating  and 
cooling  of  a  large  building  will  be  accomplished  at  an 
expenditure  of  about  10  h.p.  for  driving  the  blowers. 

Unattended  substations  which  do  not  produce  much 
waste  heat  can  best  be  heated  by  fan  circulation  electric 
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heating  units.  Automatic  control  is  absolutely  essential 
for  economical  operation  and  because  no  attendant  is 
regularly  present,  it  is  not  necessary  to  consider  human 
comfort.  The  essential  thing  is  to  prevent  condensation 
during  certain  weather  conditions.  The  comfort  of  inspec- 
tors or  attendants  when  they  are  present  can  be  provided 
for  temporarily.  A  special  form  of  automatic  control  known 
as  "dewpoint  control"  has  been  devised  for  this  service. 
It  is  a  type  of  thermostat  having  a  bulb  sensitive  to  indoor 
air  tempej'atures  and  an  extension  through  the  wall  with  a 
bulb  sensitive  to  outdoor  air  temperatures.  These  two 
bulbs  co-operate  to  produce  a  resultant  indoor  temperature 
which  varies,  but  keeps  15  degrees  above  the  outdoor 
temperature.  If  the  outdoor  temperature  is  20  degrees 
above  zero  the  indoor  temperature  will  be  35  degrees  but 
if  the  outdoor  temperature  rises  to  45  degrees  the  indoor 
temperature  promptly  goes  up  to  60  degrees. 

Condensation  forms  on  the  interior  walls  of  a  building 
and  on  electrical  machinery  exactly  as  dew  forms  out  of 
doors.  This  happens  when  warm,  moist  air  comes  in 
contact  with  colder  surfaces.  In  a  substation  the  walls 
and  equipment  get  thoroughly  chilled  during  long  cold 
spells  and  when  these  are  followed  by  a  sudden  warm, 
damp  spell,  fresh  air  entering  the  building  comes  in  contact 
with  colder  surfaces  which  lower  its  dewpoint  and  moisture 
is  deposited.  This  variable  form  of  dewpoint  control  is 
essentially  an  economy  device.  Inasmuch  as  a  constant 
temperature  for  comfort  is  not  necessary  in  an  unattended 
station,  advantage  can  be  taken  during  cold  weather  to 
make  a  decided  saving  in  power  for  heating,  by  allowing 
the  internal  temperature  to  drop.  This  would  not  be 
possible  without  some  way  to  raise  the  internal  temperature 
promptly  when  the  outdoor  air  grows  warmer,  but  with  a 
variable  control  a  heating  system  can  be  safely  maintained 
on  a  15-degree  temperature  difference. 

The  Heating  of  Buildings 

Electric  heat  is  often  suitable  for  offices  and  othei- 
buildings  besides  electrical  stations,  but  each  project  must 
be  studied  in  relation  to  rates  and  to  the  available  pf)wer 
supply.  A  given  installation  may  be  entirely  justified  in 
one  case  and  quite  unwarranted  in  another.  Large  single- 
phase  loads  are  undesirable  but  balanced  polyphase  heaters 
are  available  for  any  voltage. 

Many  rate  schedules  include  a  demand  charge  based 
on  total  connected  load.  This  places  a  considerable  burden 
upon  electric  heating  if  it  is  only  used  during  a  few  months 
of  the  year.  It  is  not  so  serious  for  industrial  processes 
that  are  used  constantly  and  it  actually  works  in  favour 
of  electric  heating  wherever  power  can  only  be  used  during 
"off  peak"  periods  when  industrial  load  is  at  a  minimum. 
Even  where  rate  schedules  do  not  offer  direct  inducements 
to  use  "off  peak"  power  by  special  low  rate  steps  any  user 
can  benefit  through  avoiding  added  demand.  This  can  be 
done  by  arranging  his  operating  schedule  so  that  the  heating 
load  will  never  be  superimposed  upon  other  loads,  thus  not 
exceeding  at  any  time  the  normal  demand  which  other 
equipment  obliges  him  to  pay  for.  When  this  is  done  it  is 
only  necessary  to  pay  for  the  actual  cost  of  the  power 
consumed  in  heating  and  at  the  sliding  scale  of  rates  which 
are  customary  for  industrial  plants,  this  heating  load  will 
usually  fall  into  a  favourable  bracket. 

Considerable  mistaken  effort  has  been  made  attempt- 
ing to  sell  "off  peak"  power  for  electrically  heating  homes 
by  storing  heat  in  tanks  of  water.  Several  factors  serve  to 
discourage  this  method  for  buildings  which  normally 
require  a  comparatively  small  power  service.  While  this 
heat  storage  method  could  fit  into  the  generating  "off  peak" 
periods,  ordinary  buildings  are  not  served  by  distribution 
lines  capable  of  supplying  the  heavy  power  required  during 
the  heat  storing  periods.  It  is  also  difficult  to  adjust  the 
heat  storage  to  suit  quick  variations  in  weather.    Efficiency 


may  be  fairly  high  on  a  cold  day  and  exceedingly  low  on  a 
mild  one.  This  disadvantage  is  not  shared  by  competing 
types  of  modern  automatic  fuel  systems.  No  way  of  storing 
electric  energy  has  yet  been  found  comparable  to  the 
energy  stored  in  oil  or  coal. 

However,  the  principle  of  utilizing  "off  peak"  power 
is  perfectly  sound  when  properly  applied.  When  studying 
the  economic  possibilities  of  "off  peak"  electric  heating, 
the  existing  power  service  must  be  considered.  Industrial 
plants  with  a  heavy  motor  load  can  often  use  large  amounts 
of  power  for  heating  purposes,  during  periods  when  other 
equipment  is  shut  down.  This  does  not  cause  any  increased 
demand  and  considerably  improves  the  plant  power  factor. 

As  an  example,  a  large  paper  box  factory  in  Philadel- 
phia has  its  own  printing  room  located  on  the  fourth  floor. 
The  rest  of  the  building  is  used  for  storage  or  for  rough 
work  requiring  little  heat,  but  the  press  room  has  to  be 
heated  at  all  times.  If  this  room  is  allowed  to  cool  at  night, 
trouble  is  experienced  in  the  morning  with  the  printing 
processes. 

Two  years  ago  it  was  decided  to  install  50  kw.  of 
auxiliary  electric  fan  heaters  in  the  press  room.  The  motor 
supply  service  was  ample  to  carry  this  load  so  no  extra 
wiring  was  needed.  The  boilers  in  the  basement  were  shut 
down  at  night  and  over  week-ends.  The  press  room  was 
satisfactorily  heated  at  night  to  60  degrees  F.  with  a 
decided  saving  over  the  cost  for  a  night  fireman  and  fuel. 

Carefully  planned  "olT  peak"  auxiliary  electric  heating 
of  this  kind  deserves  consideration  from  power  companies 
and  industrial  engineers.  Most  large  plants,  if  properly 
surveyed,  would  reveal  possibilities  for  its  economical  use. 

For  large  rooms  fan  circulation  electric  heaters  are 
usually  installed  on  the  walls.  Combination  steam  and 
electric  units  are  frequently  used.  Small  rooms  and  offices 
are  usually  heated  by  compact  heaters  set  on  the  floor  to 
deliver  a  gentle  current  of  warm  air  without  drafts. 

Electric  heating  is  well  suited  for  central  fan  duct 
systems  of  heating  and  ventilating  and  numerous  installa- 
tions have  been  made  in  moderate  size  office  buildings.  The 
blower  can  be  located  in  a  penthouse  on  the  roof  or  in  the 
basement.  Fresh  air  supply  is  taken  in  through  a  heating 
chamber  and  each  branch  air  deliverv  duct  has   its   own 


Fig.  5—  Fan  Circulation  Electric  Unit  Heater. 

individual   heater.      Return   ducts   to   a   mixing   chamber 
permit  any  desired  proportion  of  recirculation. 

Special  automatic  control  is  necessary  for  a  duct 
heating  system.  It  is  not  satisfactory  to  throw  the  heat  on 
and  oft  by  an  ordinary  thermostat,  because  this  would 
produce  alternate  blasts  of  hot  and  cool  air.  It  is  absolutely 
necessary  to  vary  the  heat  input  and  accurately  adjust  it 
so  as  to  maintain  a  uniform  temperatuie  of  air  flow  regard- 
less of  its  volume  or  of  weather  conditions.  In  some  cases 
the  mixing  dampers  controlling  the  volume  of  fresh  air 
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supply  are  manually  adjusted  but  in  other  cases  they  are 
automatically  regulated.  When  this  is  done  the  control 
must  be  co-ordinated  with  the  control  of  the  heater  input. 
Heaters  are  arranged  in  balanced  stages  and  the  control 
automatically  selects  the  heat  stage  which  most  nearly 
balances  the  demand  for  heat. 

Electric  heaters  are  often  used  as  auxiliaries  to  steam 
heaters  in  duct  systems  during  mild  weather.  By  properly 
locating  them  in  local  branch  ducts,  individual  rooms  can 
be  heated  without  starting  up  the  boilers. 


Fig.  6- 


-Electrically  Heated  Vacuum  Oil  Purification  Machine 
for  Cable  Oils. 


Duct  systems  are  often  designed  for  heating  in  winter 
and  cooling  in  summer.  Where  a  sufficient  supply  of  cool 
water  can  be  obtained  from  deep  wells  a  spray  chamber 
will  provide  adequate  summer  cooling  and  complete  year- 
around  air  washing.  Electric  heaters  installed  in  the  same 
duct  system  will  provide  for  winter  heating  or  they  can  be 
used  as  auxiliary  to  steam  heating.  Many  combinations 
can  be  worked  out  but  all  require  careful  engineering  and 
adequate  automatic  control. 

Reverse  cycle  refrigeration  equipment  has  sometimes 
been  referred  to  as  a  form  of  electric  heating  but  this  is  not 
strictly  correct,  although  the  heat  energy  delivered  may  be 
as  much  as  two  or  three  times  the  kilowatt  power  input 
required  to  drive  the  motor.  However,  heat  is  simply 
pumped  from  one  medium  to  another  and  exactly  the  same 
result  can  be  obtained  by  driving  the  equipment  with  an 
internal  combustion  engine  instead  of  an  electric  motor. 
This  reverse  cycle  equipment  is  an  interesting  and  useful 
process,  which  would  appear  to  be  most  useful  in  moderate 
climates  where  the  winter  heating  requirements  are  approx- 
imately equal  to  the  summer  cooling  requirements,  as  the 
efficiency  of  the  heating  cycle  falls  off  rapidly  with  low 
outdoor  temperatui'e.  Equipment  of  this  kind  may  have  a 
practical  use  as  a  means  for  salvaging  low  temperature 
waste  heat  from  industrial  processes,  thus  reducing  overall 
thermal  loss. 

Industrial  Heating  Processes 
Industrial  process  work  offers  a  large  field  for  electric 
heating  wherever  steam  is  not  available  or  where  tempera- 
tures are  required  outside  the  range  of  saturated  steam. 

Electric  heaters  have  a  constant  energy  input  and  their 
surface  temperature  depends  on  the  rate  at  which  heat  is 
taken  away  fiom  them.  In  this  respect  they  are  entirely 
different    from    steam    where    the    temperature    remains 


constant  for  a  given  pressure,  but  the  condensation  late 
changes  according  to  demand. 

Direct  applications  of  electric  heaters  are  difficult  to 
control  where  demand  for  heat  fluctuates  rapidly  or  for 
materials  of  low  conductivity.  Many  materials  can  best 
be  heated  in  tanks  or  vessels  by  large  banks  of  radiation 
heaters  mounted  adjacent  to  their  walls.  This  gives  a 
uniform  input  of  heat  over  large  areas  so  as  to  maintain  low 
heat  density  and  the  interior  of  the  vessel  is  kept  free  from 
obstructions.  Heaters  of  this  construction  are  suited  for 
high  voltage  polyphase  circuits  and  can  be  arranged  in 
balanced  steps  to  permit  variations  of  heat  input.  A 
proper  design  of  vessel  with  good  heat  insulation  is  always 
necessary. 

Pitch  is  successfully  heated  by  this  method  in  large 
vertical  or  horizontal  tanks.  In  coating  steel  pipe  the 
comparatively  thin  walls  do  not  require  pre-heating.  The 
l)ipe  is  dipped  cold  and  is  heated  by  immersion  in  the  hot 
pitch.  This  produces  a  very  superior  coating  as  the  pitch 
temperature  can  be  acciuratelj^  controlled  and  volatile 
constituents  are  not  wasted. 

Cast  iron  pipe  recjuires  a  different  process  owing  to 
its  heavy  walls.  It  should  be  preheated  to  approximately 
the  pitch  temperature  before  dipping.  A  unique  installa- 
tion has  recently  been  made  where  the  pipe  is  preheated 
in  a  gas  oven,  then  dipped  in  an  electrically  heated  pitch 
tank.  This  continuous  process  permits  large  production 
with  a  very  superior  quality  of  coating.  Electric  heat  can 
often  be  used  for  the  accurate  key  part  of  a  process  while 
the  bulk  of  the  heat  input  is  obtained  from  some  cheaper 
and  less  responsive  source. 

Large  tanks  of  water  are  often  heated  by  installing 
heavy  welded  tubes  with  internal  heater  elements  similar  to 
those  described  for  gate  heating.  The  large  tube  surface 
permits  heavy  ratings  and  the  heater  design  is  well  suited 
for  high  voltages.  All  electrical  parts  are  easily  inspected 
or  renewed  without  draining  the  vessel.  Large  tanks  of 
heavy  oil  can  also  be  equipped  with  similar  heaters  of  low 
surface  density,  to  reduce  viscosity  and  permit  flow  in  cold 
weather. 

For  heating  oils  to  high  temperatures  a  more  refined 
method  is  necessary.  Oils  have  comparatively  low  rates 
of  thermal  conductivity  and  sluggish  convection  currents. 
The  temperature  gradient  of  the  heater  must  be  kept  as 
small  as  possible,  and  a  positive  uniform  flow  must  be 
maintained.  The  heating  elements  must  have  a  minimum 
of  heat  storage  capacity  to  prevent  carbonizing  the  oil  from 
stored  heat  when  flow  stops  due  to  shutting  down  the 
process. 

Uniform  flow  over  all  surfaces  cannot  be  secured  with 
ordinary  immersion  heaters  nor  with  tube  heaters  as 
described.  A  successful  method  has  been  found  by  arranging 
a  series  of  narrow,  flat,  staggered  passages  having  walls 
constructed  of  thin  heater  sections.  Oil  is  pumped  through 
these  passages  so  that  any  desired  rate  of  flow  is  assured. 

This  method  is  widely  used  in  preparing  insulating  oils 
for  centrifugal  purification.  It  is  also  used  in  heating  oil 
baths  for  tempering  steel.  Hot  oil  is  a  good  high  temperature 
medium  for  heat  transfer  with  coils  or  jacketed  vessels. 
Special  oils  are  used  and  pumps,  automatic  control,  expan- 
sion tanks  and  piping  must  be  properly  designed,  but  tem- 
peratures up  to  600  degrees  F.  are  successfully  used  with 
not  more  than  20  pounds  per  square  inch  pressure.  This 
extends  the  temperature  range  for  jacketed  aluminum  and 
copper  vessels  beyond  that  permissible  for  steam,  and 
removes  all  hazards  due  to  high  pressures. 

There  are  many  other  uses  for  circulating  hot  oil.  One 
is  for  high  temperature  platens  of  hydraulic  presses,  where 
steam  pressures  up  to  800  pounds  per  square  inch  are  some- 
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times  necessary.  The  serious  problem  of  making  flexible 
connections  is  simplified  by  using  hot  oil  at  25  pounds 
pressure. 

Sulphur  is  a  poor  conductor  of  heat  but  large  batches 
can  be  melted  safely  by  hot  oil  pipes  spaced  through  the 
mass.  Hot  pipes  have  also  been  formed  into  revolving 
agitators  to  distribute  heat  through  heavy  materials. 
Vessels  heated  by  steam  jackets  or  coils  can  often  be  quite 
easily  converted  for  oil  heating.  Hazardous  chemical  pro- 
cesses are  more  safely  heated  by  hot  oil  than  by  direct 
firing.     Temperature  control  is  also  much  more  accurate. 


Electric  heat  is  useful  for  many  drying  processes. 
Radiant  reflector  heaters  can  be  used  above  the  moving 
surface  of  silk  and  cotton  fabrics  in  dye  works  and  over 
plate  glass  travelling  from  the  washer  in  making  laminated 
safety  glass. 

Many  industrial  processes  can  be  improved  by  using 
electric  heat  and  automatic  control,  but  in  each  case  careful 
planning  is  required.  Unless  the  job  warrants  being  done 
well,  it  is  usually  wiser  not  to  do  it  at  all.  There  are  so 
many  variables  in  electric  heat  engineering  that  successful 
performance  is  seldom  the  result  of  chance. 
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Forging  of  metal,  in  one  form  or  another,  is  one  of  the 
oldest  arts  known  to  man  and  there  is  evidence  that  iron 
was  well  known  to  the  Assyrians,  Chaldeans  and  Baby- 
lonians, long  before  the  time  of  Christ. 

Though  the  use  of  iron  was  widespread,  it  was  con- 
sidered by  the  ancients  as  a  rare  and  precious  metal.  This 
was  not  due  to  the  scarcity  of  ore  but  to  the  difficulty  in 
smelting  it.  The  iron  workers  of  ancient  days  made  iron 
in  a  hole  dug  in  a  hill-top.  A  tunnel  was  then  dug  through 
the  side  of  the  hill  to  the  bottom  of  the  fire-hole.  The  wind 
i-ushing  through  the  tunnel  gave  the  required  draught,  but 
the  difficulty  with  melting  in  this  sort  of  furnace  was  that  it 
could  be  used  only  on  windy  days.  Finally  in  Catalonia, 
Spain,  the  Catalan  forge  was  made  and  was  the  standard 
furnace  for  making  iron  during  the  Middle  Ages. 

Steel  implements  must  have  been  used  in  the  con- 
struction of  certain  of  the  earliest  ancient  monuments  but 
little  is  definitely  known  of  the  method  of  making  steels  in 
ancient  times. 

The  famous  steels  of  Damascus  and  Toledo  were  made 
by  a  crude  form  of  crucible  process  but  this  method  was 
lost  during  the  Middle  Ages  and  was  not  re-discovered 
until  1842  when  Benjamin  Dustman,  an  English  watch- 
rraker,  found  that  by  breaking  or  shearing  small  pieces  of 
"blister"  steel  and  melting  them  in  a  clay  crucible,  he  was 
able  to  obtain  a  steel  which  when  worked  up  into  watch 
springs  served  in  a  very  satisfactory  manner.  This  was 
crucible  steel  and  was  very  popular  until  the  advent  of  the 
Bessemer  and  open  hearth  processes. 

The  first  open  hearth  furnace  in  the  western  hemisphere 
was  built  at  Trenton,  New  Jersey,  in  1865  and  had  a  capac- 
ity of  five  tons  requiring  from  seven  to  eight  hours  to 
complete  a  heat.  Five  years  later  a  second  open  hearth 
furnace  was  built  at  South  Boston,  Mass.  All  heats  were 
tapped  on  a  fracture  test,  as  laboratories  were  then  un- 
known. The  pig  iron  and  manganese  for  these  early  open 
hearth  furnaces  were  imported  from  abroad  and  it  was  not 
until  the  early  seventies  that  steel  mills  in  this  country 
made  their  own  ferro-manganese. 

In  1872,  the  Quebec  Steel  Company  of  Quebec  had 
a  three-ton  open  hearth  furnace  making  tool  steels.  In  the 
early  days  of  the  open  hearth  furnace,  twenty-five  to  forty- 
eight  heats  constituted  a  satisfactory  "run"  for  a  furnace 
while  today  the  modern  open  hearth  furnaces,  manufac- 
turing forging  quality  steel  ingots,  ranging  in  capacity  from 


thirty-five  to  one  hundred  and  fifty  tons,  turn  out  from 
500  to  800  heats  at  a  "run"  without  major  repairs.  The 
average  time  required  for  producing  a  heat  in  the  modern 
furnace  is  from  ten  to  twelve  hours. 


Fig.  1 — Mine  Hoist  Drum  Shaft  Forging  under  600-ton  Hydraulic 
Press  from  48-inch  Ingot  part  Forged  at  this  Point. 

The  first  forging  tools  known  to  man  were  the  hand- 
hammer  and  the  anvil.  With  the  progress  of  civilization 
the  limitations  of  these  tools  were  recognized  and  with  the 
development  of  uses  for  heavy  iron  and  steel  tools,  imple- 
ments, machinery  and  equipment,  the  power-hammer 
came  into  being.  The  first  power  hammers  were  of  the 
helve  or  trip  types,  usually  operated  directly  from  the 
shaft  of  a  water  wheel. 
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The  steam  hammer  as  invented  by  James  Nasmyth  in 
1842  was  direct  acting  and  a  decided  improvement  over 
the  trip  and  helve  types,  but  was  defective  in  several  ways. 
The  valves  were  operated  by  hand  and  it  was  often  difficult 
to  raise  the  ram  immediately  after  a  blow  was  struck.  This 
had  a  tendency  to  chill  the  metal  being  worked  on  the  die. 
The  steam  hammer  remained  in  this  state  until  Robert 
Wilson  applied  a  valve  motion  which  enabled  the  blows  to 
be  regulated  both  in  speed  and  force,  thus  placing  the 
hammer  absolutely  under  the  control  of  the  operator. 


Fig.   2 — Steam  Turbine  Generator  Shafts   .45  Carbon   Steel, 

Annealed  52-inch  diameter  of  Shaft.    Weight  96,000 

Pounds  Each. 

The  steam  hammer  has  been  a  potent  factor  in  the 
development  of  the  steel  industry  and  today  is  but  slightly 
different  from  those  made  by  Nasmyth  and  Wilson.  The 
improvements  made  since  it  was  originally  invented  have 
been  mostly  on  the  valves,  the  guides  for  the  ram  and  the 
general  construction  of  the  frames.  The  smaller  sizes  ai-c 
of  the  single  frame  type,  while  those  intended  for  heavy 
forgings  have  an  arched  or  double  frame. 

Later,  as  further  developments  in  machinery  progressed, 
larger  forgings  were  specified  and  in  order  to  meet  this 
growing  demand  the  forging  press  was  developed  to  handle 
this  heavier  work. 

There  are  two  general  types  of  forging  presses  in  use. 
First,  the  regular  hydraulic  forging  press,  in  which  the 
water  pressure  is  furnished  by  independent  pumps.  Second, 
the  steam-hydraulic  press  in  which  the  hydraulic  pressure 
is  produced  by  means  of  a  steam  intensifier.  The  former 
type  is  not  now  used  to  as  large  an  extent  as  the  latter, 
which  has  a  number  of  advantages  over  the  simple  hydraulic 
type,  the  principal  of  which  is  rapidity  of  operation. 

The  power  of  a  hand-hammer  is  not  derived  fi-om  its 
weight  alone  but  from  weight  combined  with  velocity  and 
the  same  is  true  of  all  kinds  of  drop-hammers.  The  power 
of  a  drop-hammer  depends  solely  upon  the  mass  of  the 
hammer  and  its  lift,  whereas  certain  types  of  hammer 
operated  by  steam  or  compressed  air  obtain  additional 
power  by  increasing  the  acceleration  beyond  that  caused 
by  gravity  alone. 

There  is  a  field  for  both  the  drop  and  the  steam  hammer 
as  well  as  the  forging  press,  the  former  appliances  being  most 
suitable  for  small  work,  and  the  forging  press  for  large 
work.  The  reason  for  this  is,  that  small  pieces  cool  quickly 
and  as  a  rule  require  a  finer  surface  finish  than  is  demanded 
in  largo  forgings.  Since  the  hammer  strikes  a  blow,  the 
penetrative  force  of  the  impact  increases  as  the  forging 
cools,  so  that  work  done  on  the  surface  of  the  forging  even 
when  it  is  quite  cool  affects  the  axis  of  the  piece,  otherwise 
the  work  of  a  hammer  is  most  effective  on  the  surface.  The 
press,  on  the  contrary,  would  be  powerless  to  do  any  work 
on  cold  pieces  unless  the  anvil  surface  was  greatly  reduced. 
Thus  the  hanmier  will  j)robab!y  always  be  used  foi-  small 


work  and  for  making  tools.  However,  the  features  which 
make  the  hammer  desirable  for  small  work,  make  it  un- 
desirable for  large  work.  The  hammer  acts  upon  the 
surface  of  the  material  driving  the  surface  over  the  core 
without  compressing  the  latter.  The  press,  on  the  other 
hand,  exerts  a  continuous  pressure  which  forces  the  semi- 
fluid material  at  the  axis  of  the  forging  to  flow  under  com- 
pression, which  process  tends  to  increase  the  density  of  the 
material.  It  is  thus  evident  that  from  the  standpoint  of 
improving  the  quality  of  the  material  in  forgings,  the  press 
is  superior  to  the  hammer  and  would  be  considered  even 
more  useful  if  under  equal  conditions  it  consumed  less 
steam  than  a  hammer.  The  press  is  definitely  easier  on  the 
cranes  and  other  tools  used  at  a  forging  unit. 

There  are  three  means  of  working  hot  metal  into  shape : 
the  hammer,  the  press  and  the  rolling  mill.  When  speaking 
of  forgings  the  rolling  of  the  steel  is  usually  overlooked, 
but  the  bulk  of  the  steel  tonnage  used  in  industry  is  really 
turned  out  by  this  process. 

Alloy  Steels 

About  the  end  of  the  nineteenth  century  alloy  steels 
were  developed  when  it  was  found  that  when  certain 
elements  were  added  to  ordinary  carbon  steels  a  wide  range 
of  improved  physical  properties  were  obtainable,  including 
much  greater  strengths.  In  the  majority  of  cases,  heat 
ti'eatment  is  necessary  to  bring  out  these  advantages. 
Alloy  steels  untreated  are  usually  brittle  and  unsatis- 
factory. 

Alloying  elements  used  in  steels  for  forgings  may  be 
divided  into  three  groups,  based  on  whether  or  not  the 
element  is  completely  dissolved  by  the  iron  or  ferrite, 
combines  with  the  carbon  to  form  a  carbide  in  the  pearlite 
or  is  partly  dissolved  by  the  iron  and  partly  forms  a  carbide, 
thus  strengthening  both  the  pearlite  and  ferrite.  Such  a 
classification  can  at  best  be  based  only  on  the  general 
affinity  of  the  alloying  element  for  carbon,  since  both  the 
amount  of  the  carbon  and  the  alloying  element  present 
determine  to  a  considerable  degree  whether  the  alloying 
element  will  be  dissolved  by  the  iron,  combine  with  the  iron 
oi-  both.  Elements  which  are  dissolved  by  the  iron  generally 
increase  the  strength  and  toughness  of  the  steel  and  those 
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Fig.  3— Noranda  Hoist  Shaft.    Weight  31,180  pounds. 

which  combine  with  the  carbon  to  form  carbides  increase 
the  hardness,  therefore  elements  which  are  partially  dis- 
solved by  the  iron  and  also  form  carbides  have  the  general 
tendency  to  inci'ease  both  the  toughness  and  the  hardness. 
The  prevailing  practice  is  to  use  two  alloying  elements,  one 
to  build  up  the  strength  of  the  iron  or  ferrite,  the  other  to 
strengthen  the  pearlite  by  the  introduction  of  carbides. 

Nickel 
Nickel  is  one  of  the  two  most  widely  used  alloying 
elements  in  machinery  steel,  but  is  little  used  in  tool  steels. 
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Its  principal  use  is  in  large  forgings  where  toughness  and 
strength  are  required  and  is  outstanding  because  of  the 
fact  that  it  combines  with  or  is  dissolved  by  the  iron  in 
any  proportion  and  does  not  normally  form  a  carbide. 
Therefore,  as  would  be  expected,  nickel  increases  the 
strength  and  toughness  of  the  steel  without  materially 
increasing  the  hardness.  The  nickel  content  of  commercial 
nickel  steels  in  forgings  varies  and  is  effective  from  one- 
half  of  one  per  cent  up  to  about  six  per  cent.  Each  one 
per  cent  of  nickel  up  to  five  per  cent  raises  the  tensile 
strength  about  5,000  pounds  over  the  corresponding  carbon 
steel  without  loss  of  ductility  or  material  increase  in  hard- 
ness. In  non-magnetic  steel,  corrosion  resisting  steel,  and 
heat  resisting  steels,  the  nickel  content  may  reach  60  per 
cent. 

Chromium 

This  element  may  be  used  in  forging  steels  in  the  range 
from  one-half  per  cent  to  two  per  cent.  It  adds  strength 
and  hardness  by  the  formation  of  carbides.  In  forgings, 
it  is  generally  used  with  nickel,  vanadium  or  molybdenum 
and  gives  its  best  results  in  material  which  is  to  be  quenched. 
Its  use  in  connection  with  nickel  for  heat  and  corrosion- 
resisting  materials  has  proved  to  be  absolutely  necessary. 

Vanadium 

This  is  the  most  expensive  of  the  ordinary  elements  used 
in  steels.  It  is  used  in  smaller  amounts  than  the  other  alloys 
and  the  effect  of  adding  as  little  as  .05  per  cent  is  dis- 
tinctly noticeable.  The  use  of  more  than  .20  per  cent 
vanadium  does  not  appear  to  be  particularly  beneficial  in 
machinery  steels.  Vanadium  was  first  used  as  a  scavenger 
or  cleanser  in  the  molten  state  but  it  is  now  well  recognized 
that  the  properties  it  imparts  to  steel  are  due  chiefly  to  its 
effect  when  present  in  the  steel  as  an  alloy.  The  presence 
of  vanadium  produces  fine  grain,  probably  by  promoting 
simultaneous  crystallization  on  many  nuclei  or  centres  as 
the  steel  passes  through  the  solidification  range  and  the 
transformations  in  the  critical  range.  Carbides  containing 
vanadium  diffuse  less  rapidly  than  when  the  vanadium 
is  not  present;  hence  steels  with  this  element  have  to  be 
heated  to  higher  temperatures  to  obtain  diffusion  than  in 
the  case  of  plain  carbon  steels.  A  mere  "pinch"  of  vanadium 
in  almost  any  alloy  steel  so  retards  the  growth  of  austenite 
grains  that  the  leeway  in  heating  for  annealing  or  quenching 
is  greatly  increased  and  the  danger  of  brittleness  resulting 
from  heating  the  steel  too  hot  or  heating  too  long  is  min- 
imized. The  benefit  from  the  presence  of  vanadium  is  inten- 
sified when  chromium  is  present;  consequently,  excepting 
in  the  carbon  vanadium  steels,  vanadium  is  nearly  always 
supported  by  chromium.  Vanadium  itself  adds  little  to 
the  streng-th  of  steel  except  that  due  to  reduced  grain  size 
the  yield  point  and  elastic  limit  are  higher.  From  .15  to 
.20  per  cent  vanadium  is  added  to  straight  carbon  steels  to 
obtain  greater  toughness,  uniformity,  resistance  to  grain 
growth  when  overheated,  and  to  decrease  the  danger  of 
breakage  when  water  quenched. 

Molybdenum 
Molybdenum  was  used  as  an  alloy  in  some  of  the  old 
self-hardening  crucible  steels  previous  to  1880.  In  these 
steels  it  replaced  the  tungsten  or  rather,  a  part  of  the 
tungsten.  It  is  a  carbide  former,  increases  the  hardness  and 
affects  the  critical  points  all  in  the  manner  of  tungsten  and 
also  increases  the  depth  effect  of  heat  treatment.  It  is  used 
as  an  alloy  in  machinery  steel  in  amounts  up  to  .50  per  cent 
and  usually  in  combination  with  other  alloys  such  as 
chrome  or  nickel,  or  both.  The  tendency  to  temper- 
brittleness  so  prevalent  in  most  combinations  of  nickel- 
chromium  steels  is  retarded  or  minimized  by  addition  of 
molybdenum  in  amounts  of  .20  to  .50  per  cent. 

Manganese 
Manganese  is  necessary  in  alloy  and  carbon  steels  and 
is  added  to  all  steel  because  of  its  effect  as  a  scavenger  in  re- 
moving gases  and  their  products,  and  in  order  to  combine 


with  the  sulphur  and  obviate  the  harmful  red-short  effects  of 
sulphur.  Manganese  adds  toughness  and  strength  to  low 
carbon  steels  by  retarding  precipitation  when  hardened. 
In  large  size  forgings  used  in  the  norinalized  condition,  the 
so-called  intermediate  manganese  steel  (i.e.  Ij^^  to  3  per 
cent)  is  somewhat  errati(t  imder  heat  and  re(}uires  special 
care  in  forging.  The  value  of  manganese  as  an  alloy  is 
increased  by  combining  with  it  another  element  such  as 
vanadium,  nickel  or  molybdenum.     With  either  of  these 


Fig.  4 — Hydraulic  Turbine  Shafts.     Hydraulic  End  .45 
Carbon  Steel  Annealed. 

elements  supporting  the  manganese,  very  satisfactory  nor- 
malized and  tempered  forgings  can  be  produced.  Such 
forgings  are  used  in  considerable  number  for  locomotive 
driving  axles,  crank  pins,  connecting  rods,  etc.  Normaliz- 
ing is  the  reheating  of  the  steel  after  forging  and  subsequent 
cooling,  usually  in  still  air,  to  refine  the  grain  structure 
and  relieve  forging  stresses.  This  improves  the  quality  and 
strength  of  the  steel  as  well  as  its  machineability. 

Silicon 
Silicon  is  used  in  practically  all  commercial  steels  as  a 
deoxidizer  but  its  use  as  a  true  alloying  element  has  been 
limited  in  machinery  steels.    Silicon  is  not  used  as  an  alloy 
in  forging  quality  steels. 

Heavy  Fokoings 

The  production  of  a  large  forging  really  starts  when  the 
engineer  designs  the  finished  machine  or  tool  in  which  it 
is  to  be  used.  The  design  of  the  forging,  as  well  as  the 
dimensions,  is  thus  determined  beforehand.  In  some  cases 
the  physical  properties  required  of  the  finished  forging  are 
given  to  the  steel  and  forging  maker,  who  decides  of  what 
class  and  kind  of  steel  the  forging  should  be  made  to  give 
the  desired  results.  In  other  cases  only  the  chemical 
analysis  is  supplied  the  steel  maker  and  he  makes  the  steel 
and  forging  to  this  specification. 

After  the  kind  of  steel  to  be  used  is  settled,  the  next 
question  for  the  forge  man  to  decide  is  the  weight  of  steel 
necessary  to  make  the  forging,  the  size  and  weight  of  ingot 
and  the  tj^pe  of  ingot  mould  the  steel  shall  be  poured  into 
After  these  questions  have  been  decided  the  actual  manu- 
facture of  the  steel  ingot  begins. 

The  rapid  development  of  power  plant  equipment,  the 
greater  size  and  speed  required  for  propulsion  machinery 
for  ships,  the  increased  size  of  paper  mill  machinery,  mining 
machinery  and  parts  such  as  crankshafts  for  forming 
presses  for  the  mass  production  of  automobiles,  all  call  for 
larger  forgings  of  both  straight  carbon  and  various  alloy 
steels.  Serious  accidents  such  as  the  bursting  of  rotoi- 
bodies  while  running  at  great  speeds  are  of  rare  occurrence 
and  this  is  due  to  the  proper  selection  of  the  quality  of  steel 
and  the  size  and  type  of  ingot  used,  and  to  the  proper 
forging,  heat-treating  and  machining  of  the  forgings  designed 
for  these  jobs.     Similar  care  along  the  same  lines  is  applied 


462 


THE     ENGINEERING     JOURNAL 


October,  19:55 


to  forgings  for  service  in  aero  engines,  automobiles  and 
locomotives. 

Homogeneity  as  regards  the  composition  of  the  ingot, 
freedom  from  defects  and  permanence  of  properties  are 
essential  in  the  case  of  large  forgings  and  are  attained  only 
by  following  the  best  metallurgical  practices  based  upon 
long  experience  with  special  forging  steels.  The  manu- 
facture and  casting  of  the  ingot  is  done  under  complete 
technical  control.    This  insures  proper  melting  and  refining 


Fig.  5— No.  2  Light  Weight  High  Speed  Diesel  Engine  Crank- 
shafts Chrome  Nickel  Molybdenum  Steel,  quenched  and 
drawn  to  test  115-95-20  and  ."50. 

conditions,  casting  temperature,  teeming  speeds  and  so 
forth,  the  metal  used  being  produced  from  selected  scrap 
materials  treated  by  the  basic  or  acid  open  hearth  pro- 
cesses. The  cast  iron  moulds  into  which  the  steel  is  poured 
are  of  special  composition  and  design  and  these  are  cleaned, 
coated  with  graphite  and  pi-e-heated  carefully  before 
the  steel  is  poured  into  them.  They  also  have  large  refrac- 
tory-lined hot-tops  to  prevent  the  possibility  of  gas  pockets 
or  mechanical  troubles  due  to  shrinkage  effects  located  in 
the  utilized  part  of  the  ingot.  Sufficient  material  is  dis- 
caided  from  the  toj)  and  from  the  bottom  of  the  ingot  to 
insure  perfectly  sound  material  in  the  forging  and  to 
(eliminate  the  zones  of  segregation  set  up  during  the  solidi- 
fication of  the  metal.  The  removal  of  30  per  cent  of  the 
total  weight  from  the  top  end  of  ingot  is  required  by  many 
specifications  and  satisfaction  of  quality  requirements 
often  necessitates  discarding  as  high  as  50  per  cent  from 
the  top  and  10  per  cent  from  the  bottom  of  the  ingot. 

After  the  ingot  has  been  poured  the  subsequent  pro- 
cessing moves  on  a  pre-determined  schedule.  Many  of  the 
problems  of  heavy  forging  manufacture  are  problems  of 
handling,  and  extensive  equipment  such  as  cranes,  manip- 
ulators, forging  presses,  porter  bars,  cutting  tools,  soaking 
pits  and  forge  heating  furnaces,  heat-treating  and  annealing 
furnaces,  turning  and  boring  lathes  and  planers,  is  required. 

When  the  poured  ingot  has  thoroughly  set,  it  is  stripped 
and  placed  in  an  air-tight  soaking  pit  on  the  pouring  floor 
where  it  is  peiinitted  to  soak  or  equalize  for  several  hours 
without  the  addition  of  external  heat  and  is  thus  allowed 
to  attain  a  uniform  temperature  throughout  at  about  1,000 
degrees  F.  Entering  this  pit  with  the  interior  perhaps  500 
to  1,000  degiees  F.  hotter  than  the  exterior,  the  gradual 
equalizing  of  the  temperature  prevents  the  contraction 
strains  which  might  otherwise  be  set  up  if  it  were  allowed 
to  cool  rapidly  to  atmospheric  temperature,  or  what  is  even 
more  sei'ious,  the  development  of  hot  tears  or  shrinkage 
discontinuities  at  the  axis  of  the  ingot;  thus  an  ingot 
is  produced  which  is  uniform  in  structure. 

The  ingot  is  then  put  into  an  oil-fired  soaking  pit  in  the 
forging  depMitnictil ,  wIhmc  it  follows  ;i  (Icfinite  |)re-arra.nged 


schedule  of  heating  in  which  the  specific  temperature,  hour 
by  hour,  is  rigidly  stipulated.  As  an  example,  an  ingot  is 
l)rought  slowly  to  say  1,400  degrees  F.  ami  held  there  for 
several  hours  without  change.  It  is  then  brought  up  in 
steps  of  75  to  100  degrees  per  hour  to  the  final  forging 
temperature  of  2,100  to  2,300  degrees,  depending  upon  the 
carbon  content.  These  schedules  are  all  worked  out  to 
avoid  strains  in  the  steel  while  passing  through  the  critical 
temperature  I'ange  and  to  assure  the  axis  of  the  ingot 
l)eing  thoroughly  soaked  at  the  prescribed  temperature.  A 
medium  sized  ingot,  say  of  42  inches  cross  section,  would  be 
fired  forty-eight  hours,  while  an  80-incli  cross  section  is 
fired  ninety  hours  before  it  is  considered  ready  to  forge. 

Upon  reaching  the  forging  press,  the  piece  again  finds 
a  definite  schedule  of  operations  awaiting  it.  A  blueprint 
furnished  the  head  pressman  shows  exactly  the  amount  of 
Induction  to  be  made  for  each  heating,  while  general 
instructions  state  the  rculuction  to  be  made  at  each  impres- 
sion of  the  piess  before  the  piece  is  turned  around  and 
sfjueezed  in  another  direction.  Observance  of  these  direc- 
tions prevent  the  trouble  so  often  experienced  in  small 
diameters,  of  opening  up  the  centre  of  the  ingot  into  a  four 
pointed  star-shaped  fissure.  The  reduction  is  so  gradual 
and  the  piece  rotated  so  frequently  that  it  is  impossible  foi- 
the  fibres  to  tear  themselves  apart  as  occurs  in  less  careful 
forging.  Under  this  press,  which  varies  in  different  plants 
from  250  tons  to  2,500  tons  capacity,  it  is  possible  to 
handle  ingots  ranging  in  size  from  23  inches  in  diameter  and 
19,000  pounds  in  weight  to  those  80  inches  in  diameter  and 
170,000  pounds,  while  a  12,000-ton  press  works  an  ingot 
108  inches  in  diameter  and  400,000  pounds  in  weight. 

After  large  carbon  steel  forgings  of  40  inches  or  over 
in  diameter  and  alloy  steel  forgings  under  and  over  40 
inches  in  diameter,  have  been  finished  forged,  they  are 
buried  in  ashes  or  placed  in  a  warm  furnace  to  protect  the 
jnece  from  draughts,  etc.,  until  a  temperature  under  the 
Ar  critical  is  reached  throughout  the  section.  They  are 
then  taken  to  the  treatment  furnace  and  uniformly  re- 
heated to  a  temperature  sufficiently  above  the  upper 
critical  range  to  break  up  the  ingot  structure,  held  the 
necessary  length  of  time  and  then  withdrawn  and  air- 
cooled  under  closely  controlled  conditions,  protected  from 
moisture.  Upon  being  cooled  to  a  black  state,  the  forging 
is  reheated  to  a  low  annealing  temperature,  held  the 
necessary  length  of  time  and  uniformly  slowly  cooled.  The 
forging  is  then  given  a  preliminary  rough  machining  all 
over,  including  the  rough  boring  of  the  axial  exploration 
hole  in  the  case  of  a  bored  forging.  It  is  then  recharged 
into  a  cold  furnace  and  reheated  to  a  temperature  above 
the  upper  critical  range  to  refine  the  grain,  held  the  neces- 
sary length  of  time,  and  withdrawn  and  air-cooled  under 
closely  controlled  conditions,  protected  from  moisture. 
Upon  being  cooled  to  a  black  state,  it  is  reheated  to  a  low 
annealing  temperature,  held  the  necessary  length  of  time 
and  uniformly  cooled. 

The  forging  is  then  rough  machined  to  the  dimensions 
of  the  purchaser's  drawing,  after  which,  to  assure  stability, 
it  is  again  charged  into  a  cold  furnace,  reheated  to  a  tem- 
pei'ature  of  not  less  than  1,050  degrees  F.,  held  for  a  suf- 
ficient length  of  time  and  cooled  slowly  in  the  furnace  to 
remove  surface  stresses  set  up  by  machining.  No  further 
machining  other  than  cutting  off  test  specimens  or  finishing 
the  bore  of  the  axial  hole  in  the  case  of  bored  forgings,  is 
to  be  performed  after  this  final  annealing.  Most  large 
diameter  forgings  are  bored  along  the  axis  and  explored 
with  a  periscope  to  assure  absence  of  discontinuities  which 
might  originate  at  the  solidification  of  the  ingot  or  during 
subsequent  heatings  or  coolings. 

Forgings  less  than  40  inches  in  diameter  may  be 
treated  in  the  same  manner  as  outlined  in  the  foregoing; 
or  the  sequence  of  heating  and  machining  operations  may 
l)c  varied,  riependiug  on  the  size  and  shape  of  the  forging. 
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but  in  any  event,  the  forging  is  heated  twice  to  a  tem- 
perature above  the  upper  critical  range  and  air  or  furnace- 
cooled,  and  after  all  rough  machining  has  been  completed, 
it  receives  a  final  low  temperature  annealing  at  a  tem- 
perature of  not  less  than  1,050  degrees  F.,  and  is  slowly 
cooled  in  the  furnace.  In  the  case  of  a  bored  forging,  the 
axial  exploration  hole  is  bored  at  any  stage  before  the 
final  annealing  operation. 

Most  of  the  heavier  type  of  forgings  delivered  to 
machinery  builders  are  furnished  by  the  manufacturer  in 
the  rough  machined  state  with  possibly  the  exception  of 
large  crankshafts,  which  are  more  often  furnished  ready  for 
installation. 


There  are  now  Canadian  i)lants  capable  of  producing 
heavy  forgings  from  ingots  up  to  42  inches  in  diameter 
and  44,000  pounds  weight,  and  to  any  desired  chemical  or 
physical  specifications.  This  range  covers  ninety  per  cent 
of  all  Canadian  requirements,  it  being  only  necessary  to 
import  a  few  specially  large  forgings,  for  which  the  demand 
is  so  limited  in  Canada  that  it  would  not  be  economical 
to  provide  the  expensive  equipment  necessary  for  their 
production. 

Canadian  steel  mills  furnish  ingots  up  to  20  inches  in 
diameter,  in  both  carbon  and  alloy  steels,  ingots  of  larger 
size  or  special  composition  being  purchased  in  England  or 
the  United  States. 


Institute  Committees  for  1935 


FINANCE 
P.  L.  Pratley,  Chairman 
J.  B.  Challies 
A.  Duperron 
F.  Newell 
J.  L.  Busfield 

LIBRARY  AND  HOUSE 

E.  A.  Ryan,  Chairman 
J.  L.  Clarke 

W.  G.  Hunt 
J.  H.  Landry 
H.  W.  Lea 

LEGISLATION 
A.  B.  Crealock,  Chairman 
A.  S.  Gentles 

F.  Newell 

PAPERS 

C.  S.  L.  Hertzberg,  Chairman 

J.  J.  Spence 

C.  C.  Kirby 

I.  M.  Fraser 

C.  K.  S.  Macdonnell 

A.  B.  Normandin 

W.  G.  Swan 

PUBLICATION 

H.  Cimon,  Chairman 
J.  A.  Duchastel 
A.  A.  MacDiarmid 
P.  L.  Pratley 
H.  L.  Trotter 

PAST-PRESIDENTS'  PRIZE 
R.  W.  Boyle,  Chairman 
A.  R.  Chambers 
W.  P.  Dobson 
A.  Frigon 
S.  G.  Porter 

GZOWSKI  MEDAL 

R.  S.  L.  Wilson,  Chairman 

F.  W.  Alexander 
J.  B.  deHart 

H.  J.  MacLeod 
A.  S.  Wootton 

LEONARD  MEDAL 
L.  L.  Bolton,  Chairman 

A.  O.  Dufresne 

G.  V.  Douglas 

B.  S.  McKenzle 
G.  G.  Ommaney 


PLUMMER  MEDAL 

L.  F.  Goodwin,  Chairman 

STUDENTS'  AND  JUNIORS'  PRIZES 

Zone  A 

H.  N.  Ruttan  Prize 

E.  V.  Caton,  Chairman 
H.  R.  Webb 
A.  S.  Wootton 

Zone  B 
John  Galbraith  Prize 

E.  G.  Cameron,  Chairman 

F.  W.  Paulin 
A.  E.  Pickering 

ZoneC 

Phelps  Johnson  Prize 
(English)  P.  L.  Pratley,  Chairman 
C.  B.  Brown 
E.  A.  Ryan 

Ernest  Marceau  Prize 

(French)  A.  B.  Normandin,  Chairman 

H.  Cimon 

B.  Grandmont 

ZONED 

Martin  Murphy  Prize 

A.  Gray,  Chairman 
H.  J.  Grudge 
H.  S.  Johnston 

CONSOLIDATION  OF  ENGINEERING 
PROFESSION 

G.  McL.  Pitts,  Chairman 

A.  R.  Decary 

O.  O.  Lefebvre 

G.  J.  Desbarats 

J.  B.  Challies 

R.  E.  Jamieson 

R.  F.  Legget,  Secretari/ 

BOARD  OF  EXAMINERS  AND 
EDUCATION 

H.  M.  White,  Chairman 

E.  P.  Fetherstonhaugh 

J.  N.  Finlayson 

N.  M.  Hall 

J.  W.  Sanger 

W.  Walkdcn 


CANADIAN  ENGINEERING 
STANDARDS 

G.  J.  Mackenzie 
P.  L.  Pratley 
J.  M.  Oxley 

HONOUR  ROLL  AND  WAR 
TROPHIES 

Col.  A.  E.  Dubuc,  Chairman 
Fraser  S.  Keith 
Brig.-Gen.  G.  E.  McCuaig 

MEMBERSHIP 
J.  L.  Busfield,  Chairman 

UNEMPLOYMENT 

D.  C.  Tennant,  Chairman 
A.  Duperron 
R.  J.  Durley 

RELATIONS  WITH   NATIONAL 
SOCIETIES 

John  Murphy,  Chairman 

R.  W.  Angus 

A.  B.  Cooper 

J.  M.  R.  Fairbairn 

H.  J.  Roast 

COMMUNICATIONS 

G.  A.  Wallace,  Chairman 

J.  L.  Clarke 

S.  T.  Fisher 

W.  A.  Steel 

J.  H.  Thompson 

H.  J.  Vennes 

WESTERN  WATER  PROBLEMS 

G.  A.  Gaherty,  Chairman 
C.  H.  Attwood 
Charles  Camsell 
L.  C.  Charlesworth 
T.  H.  Hogg 
O.  O.  Lefebvre 
C.  J.  Mackenzie 
S.  G.  Porter 

PUBLICITY 
J.  M.  Fairbairn,  Chairman 


464 


THE     ENGINEERING     JOURNAL 


October,  1935 


THE 


ENGINEERING  JOURNAL 

THE  JOURNAL  OF 

THE  ENQINEERINQ  INSTITUTE 

OF  CANADA 


Board  of  Management 

President 

F.  A.  GABY 

Past-Presidents 

CHARLES  CAMSELL                                         F.  P.  SHEAR  WOOD 

Vice-President 

P.  L.  PRATLEY 

Councillor 

C.  S.  L.  HERTZBERG 

Editor 

R.  J.  DURLEY 

Assistant  Editor                         Publications  Manager 

J.  F.  PLOW 

N.  E.  D.  SHEPPARD 

ASSOCIATE  EDITORS 

F.  J.  RYDER      .      . 

.   Border  Cities  F.  C.  C.  LYNCH      .      .   Ottawa 

H.  W.  TOOKER 

.   Calgary              E.  J.  DAVIES     .      .      .   Peterborough 

LOUIS  FROST  .       . 

.   Cape  Breton     J.  JOYAL      ....   Quebec 

R.  M.  HARDY  .      . 

.   Edmonton        S.  YOUNG    ....   Saskatchewan 

C.  SCRYMGEOUR 

.   Halifax              J.  W.  WARD      .      .      .   Saguenay 

A.  B.  DOVE  .      .      . 

.   Hamilton          H.  O.  BROWN   .      .      .   Sault  Ste.  Marie 

L.  F.  GRANT     .      . 

.   Kingston           H.  P.  LINGLEY      .       .   Saint  John 

G.  R.  McLENNAN. 

.   Lakehead          J.  A.  HAMEL     .      .      .St.  Maurice 

J.  E.  HAWKINS      . 

.   Lethbridge                                                                         Valley 

J.  R.  ROSTRON     . 

.   London              J.  M.  OXLEY     .      .      .   Toronto 

V.  C.  BLACKETT  . 

.    Moncton           A.  I.  E.  GORDON  .      .   Vancouver 

F.  V.  DOWD       .      . 

.   Montreal           KENNETH  REID    .      .   Victoria 

C.  G.  MOON      .      . 

.   Niagara  Falls  H.  L.  BRIGGS  .      .      .   Winnipeg 

Volume  XVIII 

October  1935                           No.  10 

Low  Cost  Housing 

In  the  thickly  populated  countries  of  Europe  the 
problems  of  housing  and  the  removal  of  slum  conditions 
have  been  before  the  public  and  Legislative  bodies  for 
many  years,  and  naturally  have  received  more  attention 
than  on  this  side  of  the  Atlantic.  In  Jul^f^  of  this  year  the 
International  Housing  and  Town  Planning  Congress  met 
in  England,  where  its  delegates  were  able  to  visit  many 
industrial  centres  and  see  the  results  of  long-continued 
effort  on  the  part  of  both  public  and  private  organizations. 
The  housing  estates  and  cottage  homes  at  Bolton,  the 
slum  clearance  schemes  of  Leeds  and  Manchester,  the 
flats  and  arterial  roads  in  Liverpool,  and  the  remarkalile 
post-war  developments  in  Birmingham  showed  the  advances 
which  have  been  made  in  dealing  with  these  pressing 
(luestions.  In  Britain  house  construction  is  being  carried 
on  on  a  very  large  scale,  nearly  two  and  a  half  million 
dwellings  having  been  built  since  1919.  Great  progress 
has  also  been  made  in  Germany  and  there  has  been  marked 
development  in  the  United  States,  although  it  has  not 
extended  over  so  long  a  period  as  in  England.  It  is  estima- 
ted that  the  I'nited  States  will  need  ten  million  homes 
during  the  next  ten  years,  and  much  study  has  been  given 
to  the  subject,  culminating  in  an  immense  housing  pro- 
gramme financed  by  the  Government  under  the  Federal 
Housing  Administration. 

In  Canada  the  problem  has  not  yet  been  attacked  as 
a  whole,  although  there  have  been  a  number  of  local 
schemes.  It  is  encouraging  to  note  the  public  and  govern- 
mental interest  which  has  now  been  aroused,  thanks  to  the 
efforts  of  such  bodies  as  the  Town  Planning  Institute  of 
Cana(hi,  the  National  Construction  C'ouncil  of  Canada, 
the  Royal  Architectural  Institute  of  ('anada,  and  a  number 
of  Boards  of  Trade  and  similar  bodies  throughout  the 
country.      Surveys   have   been   made   of   the   situation    in 


Toronto  (by  a  commission  under  Lieut. -Governor  Bruce), 
in  Montreal  (by  the  Board  of  Trade  and  the  City  Improve- 
ment League),  and  in  Halifax,  Saint  John,  Winnipeg  and 
Vancouver  and  elsewhere  by  local  housing  committees. 
In  this  country  the  number  of  people  affected  by  improper 
living  conditions  is,  of  course,  much  smaller  than  in  Britain, 
Germany  or  in  the  United  States,  but  our  authorities  are 
agreed  that  the  situation  here  is  a  serious  one.  Recent 
reports  lay  stress  on  the  uncoordinated  growth  of  our 
cities,  the  overcrowding  due  to  the  shortage  of  dwelhngs, 
its  effect  on  the  public  health,  and  the  unemployment  which 
has  resulted  from  failure  to  undertake  the  programme  of 
repairs  to  existing  dwellings  and  the  construction  of  new 
ones  which  is  so  long  overdue. 

The  need  of  legislation  on  this  subject  has  long  been 
i-ealized,  and,  particularly  since  the  war,  a  number  of  pro- 
vincial and  federal  housing  acts  have  been  placed  on  the 
statute  books.  Definite  action  was  taken  this  year  by  the 
Dominion  government,  and  the  latest  information  in 
regard  to  all  phases  of  the  question  will  be  found  in  the 
final  report  of  the  Special  Committee  appointed  to  con- 
sider and  report  upon  the  inauguration  of  a  national  policy 
of  housing,  which  was  presented  to  the  House  of  Commons 
on  April  16th  of  this  year.  The  Canadian  Housing  Act 
followed,  under  which  the  Government  is  prepared  to 
advance  part  of  the  cost  of  homes  or  apartment  blocks. 
While  the  provisions  of  the  Act  will  no  doubt  facilitate  the 
financing  of  homes  of  moderate  cost,  they  do  not  appear  to 
afford  adequate  assistance  in  the  case  of  the  lowest  paid 
groups  of  workers.  Wage  earners  who  receive  over  a 
thousand  dollars  a  year  and  who  can  afford  to  pay  from 
a  quarter  to  one-third  of  their  income  as  rent  without 
undergoing  serious  privation  as  regards  food  and  clothing, 
will,  it  is  believed,  be  able  to  benefit  from  the  Act,  but  there 
exists  in  every  large  city  a  group  of  workers  (largely  un- 
skilled), whose  annual  income  is  six  hundred  dollars  or  less. 
If  the  families  of  these  workers  are  to  have  adequate  food, 
fuel  and  clothing,  they  cannot  afford  more  than  about  one- 
fifth  of  their  income  in  rent.  Evidently  it  is  necessary  to 
provide  accommodation  for  them  which  can  be  rented  at 
about  ten  dollars  per  month  and  which  will  replace  the 
unsatisfactory  dwellings  in  which  many  of  them  are  now 
living.  The  Bureau  of  Statistics  has  estimated  that  there 
is  at  present  a  shortage  of  fifty-five  thousand  new  houses  in 
Canada,  to  which  must  be  added  the  number  of  dwellings 
required  for  the  newcomers  who  annually  increase  our 
urban  population,  and  the  construction  needed  to  put  in 
proper  condition  otherwise  suitable  dwellings  which  have 
been  allowed  to  deteriorate.  Possibly  one-third  of  this 
total  would  be  needed  for  the  lowest  paid  group  of  wage 
earners. 

The  difficulty  that  first  arises  in  this  case  is  that  under 
existing  legislation  the  prospective  owner  must  be  prepared 
to  put  up  twenty  per  cent  of  the  total  cost  himself,  and  pay 
five  per  cent  interest  on  the  remainder,  conditions  which 
cannot  be  met  in  the  case  of  the  very  class  whose  need  for 
improved  housing  is  the  greatest.  Further,  the  problem  is 
more  complex  than  appears  at  first  sight.  It  is  tied  up 
with  unemployment,  the  incidence  and  amount  of  tax- 
ation, the  lack  of  adequate  city  planning,  land  values, 
construction  costs  and  methods,  the  habits,  standards  of 
living  and  tastes  of  the  people  affected,  the  public  health, 
provision  of  the  necessary  utilities,  the  requirements  of 
city  building  regulations,  and  many  other  considerations. 

The  Bruce  report  found  that  in  Canada,  under  present 
conditions,  the  minimum  cost  of  a  suitable  dwelling  for  a 
family  of  five  is  such  that  if  as  much  as  twenty  dollars  a 
month  rent  could  be  paid,  this  would  only  provide  a  proper 
return  on  one  thiixl  of  the  total  cost  of  the  building  and 
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land.  Thus,  if  the  present  cost  of  housing  cannot  be  greatly 
reduced,  this  difference  for  the  lowest  wage  groups  must  be 
met  by  a  subsidy  from  federal,  provincial  or  municipal 
authorities.  The  need  of  such  financial  assistance  is 
generally  recognized,  and  to  quote  from  the  Federal 
Housing  Report,  "the  prevailing  opinion  would  seem  to 
be  that  the  community  as  a  whole  has  some  responsibility 
for  the  housing  of  its  people." 

In  order  to  reduce  the  amount  of  the  subsidy  required, 
efforts  are  being  made  in  all  countries  to  diminish  the 
various  items  which  enter  into  housing  cost,  and  particu- 
larly to  find  out  how  to  provide  a  dwelling  or  an  apartment 
for  a  family  of  five  which  can  be  rented  by  the  lowest  paid 
wage  earner.  The  matter  is  not  simply  one  of  the  construc- 
tion cost  of  the  building  itself.  Other  items  must  be  con- 
sidered. For  example,  the  unit  cost  of  land  can  be  reduced 
by  constructing  large  apartment  blocks  for  those  who  must 
live  in  the  city  near  their  work,  and  by  developing  econom- 
ically laid  out  community  sites  for  those  whose  work  can 
be  transferred  to  the  outskirts  of  the  city.  Incidentally, 
it  has  been  suggested  that  in  many  cases  suitable  areas  of 
land  which  have  reverted  to  our  cities  by  tax  sales,  could  be 
replanned  and  used  in  this  way.  Proposals  have  been  made 
to  lessen  the  tax  burden  on  low  cost  house  property  by 
exempting  improvements  from  municipal  taxation,  as  has 
been  done  with  great  success  in  England  in  the  garden 
cities  of  Letchworth  and  Welwyn.  Again,  a  properly 
planned  housing  area  can  be  provided  with  facihties  and 
amenities  at  a  much  lower  cost  than  if  the  homes  are  built 
on  individual  lots  in  different  parts  of  the  city.  This 
offers  a  further  possible  source  of  economy. 

But  even  if  savings  are  effected  in  these  and  other  ways, 
the  stubborn  fact  remains  that  the  present  cost  of  building 
construction  is  so  high  as  to  prevent  the  building  of  homes 
for  the  lowest  salaried  groups.  Attention  is  therefore 
being  directed  to  the  possibilities  of  obtaining  reduction 
in  cost  by  the  pre-fabrication  of  houses,  the  constituent 
parts  or  units  being  factory-made  and  assembled  on  the 
site.  It  is  urged  that  in  this  way  the  benefits  of  mass  pro- 
duction can  be  obtained,  and  considerable  activity  along 
these  lines  is  being  manifested  in  the  United  States.  It 
would  appear  doubtful,  however,  whether  in  Canada  the 
possible  volume  of  such  work  would  be  sufficient  to  justify 
real  mass  production  methods,  since  these  involve  so  con- 
siderable an  outlay  on  factory  plant  and  equipment.  It  is 
also  a  question  whether  houses  can  be  designed  which  can 
be  fabricated  in  this  way  and  which  will,  at  the  same  time, 
meet  the  natural  desire  of  the  owner  or  tenant  for  a  cot- 
tage or  dwelling  which  has  an  individuality  of  its  own. 
Climatic  difficulties  in  Canada  must  also  be  considered,  and 
the  increased  expense  which  they  entail. 

In  the  United  States,  where  the  potential  market  is,  of 
course,  much  larger  than  with  us,  attempts  are  being  made 
to  utilize  the  possibilities  of  fabricated  construction  in 
steel,  precast  concrete,  timber,  and  plywood,  and  much 
ingenuity  has  been  devoted  to  the  design  of  inexpensive 
central  units  containing  all  the  household  equipment 
necessary  for  cooking,  heating,  bathing  and  laundry  work, 
such  a  unit  forming  a  kind  of  economic  core  around  which 
the  rest  of  the  house  can  be  assembled.  Experience  gained 
so  far,  however,  indicates  that  these  pre-fabricated  houses 
are  not  yet  so  cheap  as  to  be  available  for  the  lowest  paid 
wage  earner,  partly  because  those  now  in  the  market 
include  many  labour  saving  devices  and  conveniences 
which  are  beyond  the  means  of  such  families.  Dealing  with 
this  subject  at  a  recent  convention,  one  speaker  stated  that 
the  potential  market  for  such  houses  in  the  United  States 
must  be  mainly  in  the  groups  with  incomes  of  from  $1,500 
to  $3,000  per  annum,  in  which  there  are  some  fourteen 
million  families  in  the  United  States. 


In  Canada  this  phase  of  the  subject  is  under  considera- 
tion by  the  National  Construction  (Jouncil,  and  the  Royal 
Architectural  Institute  of  Canada  has  already  appointed 
a  special  committee  on  low  cost  housing  and  slum  clearance. 
The  question  of  fabricated  housing  was  brought  up  at  a 
recent  meeting  of  the  Council  of  The  Engineering  Institute 
of  Canada,  and  as  a  result  of  discussion  it  was  suggested 
that  a  small  committee  be  appointed,  to  study  the  pos- 
sibilities of  pre-fabrication  and  mass  production,  and  work 
in  collaboration  with  the  architects'  committee  which  is 
dealing  with  the  question  of  low  cost  housing  as  a  whole. 
This  matter  is  now  receiving  attention.  There  is  no 
doubt  that  if  some  satisfactory  solution  can  be  found  for 
this  problem  under  Canadian  conditions,  a  very  great 
advance  will  have  been  made  in  the  provision  of  improved 
conditions  of  living  for  a  large  number  of  our  citizens  who 
have  real  need  for  assistance  of  this  kind. 


The  Unwin  Memorial 

The  long  and  active  life  of  the  late  Dr.  W.  C.  Unwin 
covered  a  period  of  remarkable  growth  in  all  branches  of 
engineering,  during  which  theory  and  experiment  gradually 
gained  recognition  as  bases  for  actual  engineering  work. 
In  the  nearly  sixty  years  of  his  professional  career  he  took 
a  leading  part  in  the  development  of  the  scientific  training 
of  engineers,  and  was  as  distinguished  for  his  ability  as  a 
consultant  on  great  engineering  problems  as  for  his  services 
to  engineering  education. 

With  his  death  in  1933,  in  his  ninety-fifth  year,  there 
passed  away  an  engineer  of  international  repute.  He  was 
the  recipient  of  many  honours.  He  was  a  Fellow  of  The 
Royal  Society,  and  to  him  was  awarded  the  first  Kelvin 
Medal.  He  was  President  of  The  Institution  of  Civil 
Engineers  in  1911,  and  President  of  The  Institution  of 
Mechanical  Engineers  in  1915  and  1916.  The  American 
Society  of  Civil  Engineers  and  the  American  Society  of 
Mechanical  Engineers  conferred  their  honorary  member- 
ships upon  him.  His  well-known  text  books  on  machine 
design,  first  published  in  1877  (of  which  43,000  copies  were 
sold),  and  on  hydraulics  (based  on  his  classical  article  on 
that  subject  in  the  Encyclopedia  Britannica),  added  greatly 
to  his  reputation.  He  was  consulted  in  regard  to  many 
major  engineering  works,  and  was  a  recognized  engineering 
authority  on  such  widely  diversified  branches  of  engineering 
as  hydraulics,  steam  power,  the  design  of  dams,  trans- 
mission of  energy,  the  strength  and  testing  of  materials,  and 
machine  design.  He  served  with  Lord  Kelvin,  Dr.  Cole- 
man Sellers  and  other  eminent  engineers  on  the  Inter- 
national Niagara  Commission,  which  was  formed  in  1890 
to  advise  on  the  best  method  of  developing  and  distributing 
Niagara  Power.  That  Commission's  decision  to  select 
electrical  development  by  alternating  current  was  followed 
by  the  adoption  of  this  system  in  all  parts  of  the  world. 

Of  Dr.  Unwin's  relations  with  the  many  students  who 
received  their  training  from  him  it  need  only  be  said  that  he 
was  their  friend  and  guide,  not  only  while  at  college,  but 
throughout  the  whole  of  their  professional  careers.  He  was 
indeed  an  engineer  and  educationalist  of  international 
repute. 

On  Dr.  Unwin's  retirement  from  his  professorship  in 
1904,  his  students  established  an  Unwin  Scholarship, 
which,  however,  was  not  a  large  one.  As  a  fitting  memorial 
to  his  life  work  it  is  now  proposed  to  raise  a  sum  of  £2,500, 
a  portion  of  this  fund  to  be  used  to  present  to  the  Central 
Technical  College  a  portrait  or  plaque  of  Dr.  Unwin,  the 
balance  being  applied  to  augment  the  scholarship  in  ques- 
tion to  a  value  of  at  least  £60  a  year,  so  as  to  make  it 
worthv  of  his  name. 
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The  matter  is  in  the  hands  of  an  Unwin  Memorial 
Committee,  under  the  chairmanship  of  Sir  Alfred  Chatter- 
ton,  C.I.E.,  F.C.G.I.,  K.I.H.,  and  its  membership  includes 
many  prominent  British  and  American  engineers.  As 
Canadian  representatives  on  this  committee,  Brig.-Gen. 
C.  H.  Mitchell,  c.b.,  c.m.g.,  m.e.i.c.  Dean  of  the  Faculty 
of  Applied  Science,  University  of  Toronto,  Toronto,  Dean 
Ernest  Brown,  m.Sc,  M.Eng.,  m.e.i.c.  Dean  of  the  Faculty 
of  Engineering,  McGill  University,  Montreal,  and  Group- 
Captain  E.  W.  Stedman,  o.b.e.,  m.e.i.c.  Chief  Aeronau- 
tical Engineer,  Department  of  National  Defence,  Ottawa, 
have  been  nominated. 

A  fitting  memoir  of  Dr.  Unwin,  forming  a  permanent 
record  of  his  life  work,  is  being  prepared  by  Mr.  E.  G. 
Walker,  and  will  be  issued  at  10/6  per  copy.  Subscriptions 
for  this  volume,  and  contributions  to  the  Memorial  Fund, 
are  requested  from  former  students  of  the  City  and  Guilds 
College,  and  from  ('aiiadian  engineers,  and  they  may  be 
sent  to  the  General  Secretary  of  The  Engineering  Institute 
of  Canada,  2050  Mansfield  Street,  Montreal. 

Meeting  of  Council 

A  meeting  of  the  Council  of  The  Institute  was  held 
at  Headquarters  on  Tuesday,  September  17th,  1935,  at 
eight  o'clock  p.m.,  with  President  F.  A.  Gaby,  m.e.i.c,  in 
the  chair,  and  seven  other  members  of  Council  present. 

The  attention  of  Council  was  drawn  to  the  fact  that 
the  present  Canadian  Standard  Form  of  Construction  Con- 
tract, issued  by  the  Canadian  Construction  Association  and 
approved  by  the  R.A.I.C.  and  the  E.I.C.,  while  entirely 
suitable  for  building  construction  work,  appears  to  require 
certain  modifications  to  make  it  applicable  to  large  engineer- 
ing works.  The  following  committee  was  appointed  to 
draw  up  and  recommend  such  modifications  as  may  be 
thought  desirable  for  this  purpose: 

R.  E.  C.  Chadwick,  m.e.i.c,  Cluiirnian 

.J.  H.  Brace,  m.e.i.c. 

C.  S.  L.  Hertzbcrg,  m.e.i.c. 

,J.  A.  McCrory,  m.e.i.c. 

■J.  W.  Orrock,  .m.e.i.c. 

It  was  noted  with  appreciation  that,  following  a  circular 
letter  recently  sent  out,  a  considerable  number  of  membeis 
on  the  non-active  list  have  been  able  to  i-ejoin  the  active 
list  of  The  Institute. 

The  report  of  the  Nominating  Committee,  containing 
that  committee's  list  of  nominees  for  officers  for  the  year 
1936,  was  received  and  examined  by  Council  in  accordance 
with  the  by-laws. 

The  Secretary  presented  a  lesolution  passed  by  the 
Moncton  Branch  protesting  against  the  inclusion  in  The 
Engineering  Journal  of  articles  in  the  French  language,  a 
copy  of  this  resolution  having  been  sent  by  the  Moncton 
Branch  to  each  of  the  other  branches  of  The  Institute. 
After  discussion,  Council  decided  not  to  recommend  any 
change  in  policy  in  this  matter. 

Two  resignations  were  accepted,  two  Life  Memberships 
were  granted,  one  hundred  and  forty-six  members  were 
replaced  on  the  active  list,  and  a  number  of  special  cases 
were  dealt  with. 

A  number  of  applications  for  admission  and  for  transfer 
were  considered,  and  the  following  elections  and  transfeis 
were  effected: 

Elecliona  Tin  n  sfcrs 

Mf'.iiibcrs :i  .\ss()c.  Member  to  Member  ....  7 

Assoc.  Members 4         .Junior  to  Member 1 

.luniors 2         .Junior  to  As.soc.  Member ."> 

Students  admitted (i         Student  to  Assoc.  Member 2 

The  Council  rose  at  eleven  thirty  p.m. 


OBITUARIES 

Frederick  Passmore  Gutelius,  M.E.I.C. 

Widespread  regret  will  be  felt  at  the  death  at  North 
Bay,  Ont.,  of  Frederick  Passmore  Gutelius,  m.e.i.c,  on 
September  12th,  1935. 

Mr.  Gutelius  was  born  at  Mifflinburg,  Penna.,  on 
December  21st,  1864,  and  graduated  from  I^afayette  College 
in  1887  with  the  degree  of  C.E. 

Early  in  his  career  he  served  the  Pennsylvania  lines 
as  assistant  engineer  and  supervisor  for  the  I'egion  west  of 
Pittsburgh,  and  from  1892  to  1894  Mr.  Gutelius  was  in 
charge  of  a  water  power  electric  plant  at  Butte,  Mont., 
later  taking  charge  of  the  Butte  City  water  works.  Follow- 
ing this  he  was  for  a  time  engaged  in  general  practice  in 
Butte  City.  In  1895  Mr.  Gutelius  became  general  super- 
intendent of  the  Columbia  and  Western  Railway  at  Trail, 
B.C.  He  joined  the  staff  of  the  Canadian  Pacific  Railway 
Company  in  1898  and  remained  in  the  company's  service, 
passing  from  one  responsible  office  to  another,  and  becom- 
ing general  superintendent  of  the  eastern  division  in  1912. 
He  was  occupying  this  position  when  the  Dominion  Govern- 
ment appointed  him  as  a  Royal  Commissioner  to  enquire 
into  the  construction  of  the  National  Transcontinental  line 
through  northern  Quebec  and  Ontario.  Mr.  Gutelius' 
ability  was  so  highly  appreciated  by  the  government  that 
he  was  chosen  to  be  general  manager  of  the  Intercolonial 
and    Prince    Edward    Island    Railway,    being    located    at 


F.  P.  Gutelius,  M.E.I.C. 

Moncton,  N.B.  He  was  in  charge  of  the  government  lines 
until  1917  when  he  became  vice-president  of  the  Delaware 
and  Hudson  Railroad  Corporation  in  charge  of  operations 
and  traffic.  Since  1923  Mr.  Gutelius  has  been  resident 
vice-president  of  the  Delaware  and  Hudson  in  Montreal. 

Mr.  Gutelius  joined  The  Institute  (then  the  Canadian 
Society  of  Civil  Engineers)  as  a  INIember  on  December 
18th,  1902. 

Gustave  Lindenthal,  M.E.I.C. 

It  is  with  deep  regret  that  we  place  on  record  the 
death  on  July  31st,  1935,  of  Gustav  lindenthal,  m.e.i.c, 
at  his  home  in  Metuchen,  N.J. 

Mr.  Lindenthal  was  born  at  Bruenn  in  Austria  on 
May  21st,  1850,  and  received  his  school  and  technical 
education  in  that  city. 

In  May  1874  he  came  to  the  United  States  as  draughts- 
man and  assistant  engineer  on  the  buildings  for  the  Centen- 
nial Exhibition  in  Philadelphia,  and  in  1876  he  located  in 
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Cleveland,  and  until  1881  was  bridge  engineer  of  the  old 
Atlantic-Great  Western  Railroad.  Mr.  Lindenthal  sub- 
sequently settled  in  Pittsbui'gh,  and  was  consulting  en- 
gineer for  a  number  of  railroads,  having  designed  and 
executed  many  large  works,  mostly  bridges. 

The  works  of  Mr.  Lindenthal  were  characterized  by 
a  daring  in  conception  and  execution  and  l)y  a  mingling 
of  artistry  with  engineering  techniciue  which  made  him 
one  of  the  outstanding  bridge  engineers  in  the  United 
States.  The  spanning  of  Hell  Gate  is  the  accomplishment 
with  which  his  name  is  perhaps  most  frequently  linked. 
At  the  time  of  its  completion  in  1917,  Hell  Gate  bridge 
was  the  largest  arch  bridge  in  the  world,  and  both  in 
design  features  and  in  construction  methods  it  marked  a 
great  forward  step  in  American  engineering  practice. 
Another  of  Mr.  Lindenthal's  designs  which  was  notable  for 
its  aesthetic  features  was  that  for  the  Chesapeake  and 
Ohio  Northern  Railroad  crossing  at  Sciotoville,  Ohio,  a 
remarkable  long  span  continuous-truss  structure.  Because 
of  a  combination  of  circumstances,  the  railroad  suspension 
bridge  across  the  Hudson  river,  designed  by  Mr.  Lindenthal 
in  1888  for  the  North  River  Bridge  Company,  was  nevei' 
built.  It  was,  however,  a  remarkably  bold  and  well- 
conceived  plan,  calling  for  the  first  time  for  a  single  span 
across  the  river,  2,850  feet  long  and  having  a  total  length 
between  anchorages  of  more  than  a  mile. 

Mr.  Lindenthal  was  a  prominent  member  of  the 
American  Society  of  Civil  Engineers,  having  joined  as  a 
Member  in  1882,  and  being  elected  to  honorary  member- 
ship in  1929.  He  received  the  Thomas  Fitch  Rowland 
Prize  in  1883  for  his  paper  entitled  "Rebuilding  the  Monon- 
gahela  Bridge  at  Pittsburgh,  Pa.,"  and  thirty-nine  years 
later  the  same  prize  was  awarded  to  him  for  his  paper 
discussing  the  Sciotoville  Bridge.  In  1929  he  was  the 
first  recipient  of  the  Phebe  Hobson  Fowler  Architectural 
Award.  In  1920  Mr.  Lindenthal  received  the  degree  of 
Doctor  of  Engineering  from  the  Polytechnical  School  in 
Bruenn. 

Mr.  Lindenthal  was  a  Fellow  of  the  American  Associa- 
tion for  the  Advancement  of  Science;  a  member  of  the 
(British)  Institution  of  Civil  Engineers  and  the  Verein 
Deutscher  Ingenieure;  an  honorary  member  of  the  Oester- 
reichischer  Ingenieur  und  Architekten  Verein  and  the 
Cleveland  Engineers'  Society. 

Mr.  Lindenthal  joined  The  Institute  (then  the  Can- 
adian Society  of  Civil  Engineers)  on  February  14th,  1889, 
and  was  made  a  life  member  on  March  18th,  1932. 


PERSONALS 

A.  E.  Foreman,  b.Sc,  m.e.i.c,  has  been  appointed 
associate  professor  of  civil  engineering  by  the  University  of 
British  Columbia,  Vancouver,  B.C. 

Mr.  Foreman,  who  was  born  in  1878,  had  a  brilliant 
career  at  McGill  University,  from  which  he  graduated  in 
1903  with  the  degree  of  b.sc,  leading  his  class  in  each  of 
four  years  and  securing  thirty-four  first  prizes,  including 
the  Scott  Exhibition  and  Prize,  Mathematical  Exhibition 
and  Prize,  British  Association  Exhibition,  Canadian 
General  Electric  Scholarship,  and  British  Association  Medal 
and  Prize.  He  took  an  active  part  in  athletics  and  was 
president  of  the  McGill  Basketball  Club. 

Following  graduation  Mr.  Foreman  spent  three  years 
in  Toronto,  securing  business  experience,  and  in  1907  went 
to  Vancouver  where  he  became  secretary  and  manager  of 
the  Concrete  Engineering  and  Construction  Company. 
He  was  for  one  year,  member  of  the  firm  of  Dutcher  and 
Foreman,  consulting  engineers,  and  was  appointed  super- 
vising engineer  for  the  city  and  provincial  government  on 
the  Dallas  Road  Sea  Wall,  Victoria,  B.C.    In  1912,  he  was 


ap{)ointed  as.sistant  engineer  of  the  city  of  Victoria,  and  in 
1917,  chief  engineer  of  the  Department  of  Public  Works, 
which  position  he  resigned  in  1920  to  become  district 
engineer  for  the  Portland  Cement  As.sociation. 

Mr.  Foreman  is  a  member  of  the  Canadian  Engineering 
.Standards  Association,  the  American  Society  for  Testing 
Materials,  and  the  British  Cohunbia  Good  Roads  League. 


A.  E.  Foreman,  M.E.I.C. 

He  is  past-president  of  the  Canadian  Good  Roads  Associa- 
tion and  the  Association  of  Professional  Engineers  of 
British  Columbia.  He  is  chairman  of  the  Road  and  Transit 
Committee  of  the  Vancouver  Town  Planning  Commission. 

J.  M.  Paquet,  s.e.i.c,  is  now  sanitary  engineer  with 
the  Provincial  Board  of  Health,  at  Amos,  Que.  Mr. 
Paquet  graduated  from  the  Ecole  Polytechnique  in  1934 
with  the  degree  of  B.A.Sc. 

T.  L.  Hall,  S.E.I.C,  has  joined  the  staff  of  the  Canadian 
General  Electric  Company  Limited,  at  Winnipeg,  Man. 
Mr.  Hall,  who  graduated  from  the  University  of  New 
Brunswick  in  1928  with  the  degree  of  B.Sc,  has  previously 
been  connected  with  the  same  company. 

F.  Stewart  Gumley,  a. m.e.i.c,  has  been  appointed 
designing  engineer  with  Martin  and  Company  at  Calcutta, 
India.  He  will  be  in  charge  of  design  and  construction  of 
bridges,  buildings  and  engineering  structures  in  structural 
steel.  Mr.  Gumley,  who  was  formerly  works  manager  with 
J.  and  J.  Lawrence  Limited,  in  Edinburgh,  Scotland,  wa^ 
at  one  time  with  the  Western  Bridge  Company  Limited, 
Vancouver,  B.C. 

J.  M.  Wardle,  m.e.i.c,  has  been  appointed  Deputy 
Minister  of  the  Department  of  the  Interior,  Ottawa,  Ont. 

Mr.  Wardle  was  born  at  Chilliwack,  B.C.,  and  grad- 
uated from  Queen's  University  with  the  degree  of  B.Sc.  in 
1912.  Following  graduation  he  was  assistant  to  the  city 
and  municipal  engineer  of  Chilliwack,  and  in  1914  he  joined 
the  Dominion  Parks  Branch  of  the  Department  of  the 
Interior  as  assistant  highway  engineer.  From  1915  until 
1918  Mr.  Wardle  was  acting  chief  highway  engineer  with 
the  Dominion  Parks  Branch,  and  in  19i8-1920  he  was 
superintendent  of  the  BanfT  National  Park  at  Banff,  Alta. 
In  1920  Mr.  Wardle  was  appointed  chief  engineer  of  the 
Canadian  National  Parks  Branch.  Department  of  the 
Interioi',  Ottawa,  which  office  he  has  held  until  the  present 
time. 
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Charles  C.  Ross,  m.e.i.c,  Appointed  Minister 

The  Hon.  Charles  C.  Ross,  m.e.i.c,  has  been  appointed 
Minister  of  Lands  and  Mines  in  the  new  Alberta  administra- 
tion. 

Mr.  Ross  was  born  at  Ottawa,  Ont.,  and  graduated 
from  McGill  University  in  1909  with  the  degree  of  B.Sc. 
(civil).  Following  graduation  he  was  with  the  Inter- 
national Boundary  Survey,  and  was  subsequently  with  the 


The  Hon.  Charles  C.  Ross,  M.E.I.C. 

Hydrographic  Survey.  From  1911  until  1913  Mr.  Ross 
was  in  private  practice,  contracting.  In  1916  he  went  to 
Calgary,  and  as  senior  mining  inspector  and  later  as  super- 
visory engineer  for  the  Department  of  the  Interior  he 
accomplished  noteworthy  results  in  the  evolution  and 
harmonious  operation  of  the  regulations  for  the  develop- 
ment of  the  mineral  resources  of  the  prairie  provinces.  In 
1928  Mr.  Ross  was  appointed  by  the  Minister  of  the  In- 
terior to  set  up  departmental  administrative  machinery  in 
northern  Manitoba  and  northern  Saskatchewan  in  con- 
nection with  the  mining  development  in  those  provinces, 
and  since  that  time  has  supervised  and  administered  all 
mining  regulations  affecting  Crown  lands  in  Manitoba, 
Saskatchewan,  Alberta,  the  Railway  Belt  of  British  Colum- 
bia, the  Yukon  and  the  Northwest  Territories.  Mr.  Ross  later 
left  the  Government  service  and  has  been  engaged  in  the 
development  of  oil  and  gas  and  mining  as  a  consultant. 
Mr.  Ross  is  an  active  member  of  the  Calgary  Branch 
of  The  Institute. 

The  following  members  of  The  Institute  have  been 
appointed  by  the  Executive  Committee  of  the  City  of 
Montreal  to  investigate  the  waterworks  intake  at  Ville 
LaSalle,  and  to  report  to  the  administration  what  amount 
of  money  is  necessary  to  equip  the  aqueduct  properly  in 
this  connection:  R.  de  L.  French,  m.e.i.c.  Professor  of 
Highway  and  Municipal  Engineering,  McGill  University, 
and  consulting  engineer,  A.  Plamondon,  a. m.e.i.c,  consult- 
ing engineer,  Montreal,  J.  M.  Robertson,  m.e.i.c,  consult- 
ing engineer,  Montreal,  E.  Gohier,  m.e.i.c,  consulting  en- 
gineer, Montreal,  J.  E.  Blanchard,  m.e.i.c.  Director  of 
Pubhc  Works,  Montreal.  C.  J.  Desbaillets,  m.e.i.c,  chief 
engineer  of  the  Montreal  Water  Board  will  act  as  secretary. 

Lieut.-Colonel  L.  N.  Seaman,  m.e.i.c,  received  the 
Order  of  the  British  Empire  in  the  King's  Birthday  Honours 
List  this  year,  and  was  invested  with  the  decoration  at 
Buckingham  Palace  by  His  Majesty  the  King  on  July 
10th  last.  ( -olonel  Seaman  was  formerly  Officer  in  charge 
of  Timber  Testing  with  the  Forest  Research  Institute, 
Dehra  Dun,  India,  but  has  now  retired.  He  is  at  present 
visiting  Canada,  and  is  staying  at  Halifax,  N.S. 


George  E.  Kent,  a. m.e.i.c,  has  joined  the  staff  of  the 
International  Petroleum  Company  at  Talara,  Peru,  as 
assistant  superintendent.  Mr.  Kent  graduated  from  the 
Nova  Scotia  Technical  College  in  1928  with  the  degree  of 
B.Sc,  and  following  graduation  was,  until  1929,  with  the 
Bell  Telephone  Company  of  Canada  at  Montreal.  In 
September  1929  he  joined  the  staff  of  the  Imperial  Oil 
Refineries  Limited  at  Sarnia,  being  in  the  draughting 
department  on  the  design  of  oil  refinery  equipment.  In 
1930  Mr.  Kent  became  assistant  mechanical  superintendent 
with  the  same  company,  and  in  1932  he  was  assistant  to 
the  refinery  superintendent. 

Elections  and  Transfers 

At  the  meeting  of  Council  held  on  September  17th, 
1935,  the  following  elections  and  transfers  were  effected: 

Members 
BAKER,  James  Davidson,  Deputy  Minister  and  General  Manager, 
Alberta  Government  Telephones,  Edmonton,  Alta. 

CALDER,  William,  10122-12.3rd  Street,  Edmonton,  Alta. 
FINDLATER,  Richard  Hamilton,  F.I.C.,  M.Inst.P.T.,  74  High- 
field  St.,  Moncton,  N.B. 

Associate  Members 

DOUGLAS,  John  Holden  Webb,  mech'l.  supt.,  Dept.  of  Public 
Works  Alberta,  Edmonton,  Alta. 

EVANS,  Thomas  Owen,  B.Sc,  (McGill  Univ.),  asst.  supt..  Back 
River  Plant,  Montreal  Island  Power  Co.,  St.  Vincent  de  Paul,  Que. 

HARDY,  William  Gathorne,  B.Sc,  (N.S.  Tech.  Coll.),  4879 
Patricia  Ave.,  Montreal,  Que. 

HERR,  Arthur  George,  chief  dftsman.,  Packard  Electric  Co.  Ltd., 
St.  Catharines,  Ont. 

Juniors 

FORTIN,  .Jean  Julien,  B.Sc,  (Queen's  L^niv.),  tracer  and  designer, 
Duke-Price  Power  Co.,  Arvida,  Que. 

*KING,  Eric  Charles,  power  house  operator,  Churchill  River  Power 
Co.  Ltd.,  Island  Falls,  Sask. 

Transferred  from  the  class  of  Associate  Member  to  that  of 
Member 

BUCHAN,  Percy  Halcro,  B.A.Sc,  (Univ.  of  Toronto),  asst.  engr., 
mtce.  of  way,  B.C.  Electric  Rly.  Co.  Ltd.,  Vancouver,  B.C. 

DORMER,  William  John  Smylie,  B.Sc,  (McGill  Univ.),  district 
engr.,  (Montreal  Suburban  and  Three  Rivers  Districts),  Bell  Telephone 
Company  of  Canada,  Montreal,  Que. 

GILBERT,  Gordon  Macdonald,  B.Sc,  (Univ.  of  Man.),  supt.  and 
acting-engr,,  Vancouver  and  Districts  Joint  Sewerage  and  Drainage 
Board,  Vancouver,  B.C. 

ROBERTSON,  James,  B.Sc,  (McGill  Univ.),  engr.  Pacific  Divn., 
Dominion  Bridge  Co.  Ltd.,  Vancouver,  B.C. 

STUART,  Harold  Brownlee,  B.A.Sc,  (Univ.  of  Toronto),  field 
engr.,  Hamilton  Bridge  Co   Ltd.,  Hamilton,  Ont. 

THRUPP,  Edgar  Charles,  (Kings  College,  London,  England), 
2626-13th  Ave.  West,  Vancouver,  B.C. 

WHEATLEY,  Edward  Augustus,  M.C.  and  Bar,  (City  and  Guilds 
Tech.  Coll.),  registrar  and  sec-treas.,  Association  of  Professional  En- 
gineers of  the  Province  of  British  Columbia,  Vancouver,  B.C. 

Transferred  from  the  class  of  Junior  to  that  of  Member 
MacNICOL,   Nicol,   B.A.Sc,    (Univ.   of   Toronto),   works  com- 
missioner, Forest  Hill  Village,  Ont. 

Transferred  from  the  class  of  Junior  to  that  of  Associate 
Member 

FOX,  John  H.,  B.A.Sc,  (LTniv.  of  Toronto),  engr.,  Minneapolis- 
Honeywell  Regulator  Co.  Ltd.,  Toronto,  Ont. 

LEA,  Harry  Windsor,  B.Sc,  (McGill  Univ.),  designing  engr., 
Montreal  Sewers  Commission,  1226  University  St.,  Montreal,  Que. 

McGILLIS,  Lester,  B.Sc,  (McGill  Univ.),  manager,  Beauharnois 
Divn.,  Shawinigan  Water  and  Power  Co.,  Vallej^field,  Que. 

THOMPSON,  William  Lennox,  B.A.Sc,  (Univ.  of  Toronto),  sales 
service  engr.,  Bailey  Meter  Co.  Ltd.,  Montreal,  Que. 

*VARLEY,    Percy,    elect'l.    dftsman.,    Canadian    Industries   Ltd., 
Montreal,  Que. 

Transferred  from  the  class  of  Student  to  that  of  A  ssociate 
Member 
BOSTOCK,    WiUiam    Norman,    Capt.,    R.C.E.,    B.Sc,    (McGill 
Univ.),  (Grad.,  R.M.C.),  Work  Point  Barracks,  Esquimalt,  B.C. 

MULLIGAN,  Henry  Ineson,  B.Sc,  (McGill  Univ.),  N.B.  Electric 
Power  Commission,  Newcastle  Creek,  N.B. 
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Students  Admitted 

ALLEN,  Richard  T.  W.,  B.Sc,  (Univ.  of  Alta.),  P.(X  Box  891, 
V^ernon,  B.C. 

DAVEY,  Roland  Eric,  B.A.Sc,  (Univ.  of  Toronto),  Dufforin 
Paving  Co.  Ltd.,  Kenora,  Ont. 

GRIFFITHS,  George  Henry  Rickard,  B.Sc,  (Univ.  of  Man.),  212 
Forest  Ave.,  West  Kildonan,  Man. 

MILLER,  Donald  Waters,  B.Sc,  (ITniv.  of  Man.),  616  A.shburn 
St.,  Winnipeg,  Man. 

WELSH,  James  Gordon,  (Univ.  of  Toronto),  1078  Valley  Way, 
Niagara  Falls,  Ont. 

WILLIAMS,  Stanley  Chevers,  B.Sc,  (Queen's  Univ.),  23  Ossington 
Ave.,  Ottawa,  Ont. 

*Has  passed  Institute's  examinations. 


REGENT  ADDITIONS  TO  THE  LIBRARY 

Proceedings,  Transactions,  etc. 

Institution  of  Civil  Engineers:  Proceedings,  volume  238,  1933-1934. 
New  Zealand  Society  of  Civil  Engineers:  Proceedings  1934-35. 
Canadian  Electrical  Association :  Proceedings  of  the  45th  Annual  Con- 
vention, 1935. 

Reports,  etc. 

Instilulion  of  Civil  Engineers:  List  of  Members  1935. 

Canada  Bureau  of  Statistics:  The  Canada  Year  Book  1934-1935. 

National  Research  Laboratories:  Report  No.  P.A.A.  22 — "The  Aero- 
dynamic Characteristics  of  Aircraft  Skis  and  the  Development 
of  an  Improved  Design"  by  J.  J.  Green  and  G.  J.  Klein. 

International  Tin  Research  and  Development  Council: 

Technical  Publications  Series  A — ^No.  19 — "The  Use  of  Sodium 
Sulphite  as  an  Addition  to  Alkaline  Detergents  for  Tinned 
Ware.";  No.  20— "The  Twinning  of  Single  Crystals  of  Tin." 
Series  B — No.  2^" Equilibrium  Diagrams  of  Binary  Alloys  of 
Tin."  Series  D— No.  2— "Black  Spots  on  Tin  and  Tinned 
Ware." 

Metropolitan  Life  Insurance  Company:  "How  Equipment  Manufacturers 
Provide  against  Inadequate  Specifications  in  Customers'  Orders." 

Ontario,  Department  of  Mines:  Bulletin  100  "Mineral  Production  of 
Ontario,  First  Six  Months  of  1935." 

Ontario,  Department  of  Mines:  Bulletin  99  "Mines  and  Metallurgical 
Works  of  Ontario  in  1934." 

Queen's  University:  Calendar  of  the  Faculty  of  Applied  Science  1935- 
1936. 

University  of  Toronto:  Faculty  of  Applied  Science  and  Engineering: 
Bulletin  No.  148  "Horizontal  Thrusts  for  Two-Hinged  Arches  of 
Various  Forms"  by  C.  R.  Young  and  M.  W.  Huggins. 

Canada,  Dept.  of  Mines,  Mines  Branch:  "A  Study  of  Clay  Winning  and 
its  Costs  in  the  Provinces  of  Ontario  and  Quebec"  by  J.  F.  McMahon. 

Canada,  Dept.  of  Mines,  Mines  Branch:  Investigations  in  Ore  Dressing 
and  Metallurgy — January  to  June  1934. 

Technical  Books,  etc.,  Received 

Mechanical  and  Electrical  Equipment  for  Buildings,  by  C.  M.  Gay  and 
C.  de  Van  Fawcett.    (John  Wiley  and  Sons,  New  York.) 

Elementary  Structural  Problems  in  Steel  and  Timber,  by  C.  R.  Young. 
{John  Wiley  and  Sons,  New  York.) 


BOOK  REVIEWS 

Working,  Heat  Treating  and  Welding  of  Steel 

By  H.  L.  Campbell,  John  Wiley  and  Sons,  New  York.  1935.  6  by  9% 
inches.    Photos.   Diagrams.    185  pages.    Cloth.  $2.25. 

Contents:  Manufacture  of  iron  and  steel;  composition;  classifica- 
tions; testing;  effects  of  heat  treatment  and  mechanical  working; 
processes  and  equipment  for  working;  constitution  of  steel  (metallog- 
raphy); processes  and  equipment  for  heat  treatment;  alloy  steels; 
processes  and  equipment  for  welding;  surface  preservation;  laboratory 
experiments  (eighteen). 

The  author's  aim  has  been  to  present  in  a  concise  way  the  prin- 
ciples and  practice  relative  to  the  working,  heat  treating  and  welding 
of  steel. 

All  this  subject  matter,  leading  up  to  the  experiments,  is  covered  in 
148  pages,  and  it  is  obvious  that  the  treatment  cannot  be  detailed; 
however  the  style  is  concise  and  clear,  and  the  halftones  and  diagrams 
are,  respectively,  well  chosen  and  well  drawn;  there  are  very  few  errors. 

The  book  is  essentially  designed  as  a  laboratory  manual  for  second 
or  third  year  students  in  mechanical  engineering.  It  should  not,  of 
course,  be  compared  with  any  of  the  standard  text-  and  hand-books 
covering  the  many  phases  referred  to;  but,  in  addition  to  its  main 
purpose,  it  would  well  serve  as  an  introduction  to  stimulate  interest  in 
the  subject  on  the  part  of  those  unfamiliar  with  the  metallurgy  of  steel. 
A  well-selected  list  of  reference  books  is  included. 


The  Principles  of  Electric  Power  Transmission 

By  11.  Waddicor.    John  Wiley  and  Sons  Inc.,  New  York.    1936.   614  by 

S^4  inches.     Diagrams.     44^  pages.     Cloth.     $6.00. 

{Renouf  Publishing  Company,  Montreal.) 

Reviewed  by  Edgar  T.  J.  Bh.\ndon,  a.m.k.i.c.* 

In  the  third  edition  of  this  useful  })ook,  the  author  lias  attempted 
to  bring  up  to  date  .such  parts  of  it  as  required  revision. 

The  book  is  useful  in  that  it  brings  together  in  one  volume  features 
of  electric  power  transmission  heretofore  treated  separately.  As  a 
result,  some  of  the  chapters,  such  as  those  on  "  Line  Conductors  and 
Supporting  Structures"  and  "Apparatus  for  the  Prevention  of  Dan- 
gerous Currents"  are  very  elementary  and  cannot  be  considered  as 
other  than  presenting  a  very  general  outline  of  the  subject  matter 
with  which  they  are  dealing. 

The  book  is  notable  for  the  originality  of  treatment  of  some  phases 
of  the  subject,  and  also  for  the  freedom  with  which  the  author  has 
given  the  source  of  other  data. 

Chapter  XI  on  "Economic  Principles  and  Calculations"  emphasizes 
the  fundamental  laws,  but  makes  only  very  general  statements  regarding 
economic  principles. 

There  are  some  examples  of  lack  of  balance  in  the  treatment  of 
various  subjects.  For  example,  distance  protection  is  covered  in  one 
page,  whereas  spark  gaps  of  various  kinds  are  given  nine  pages. 

Chapter  XIII  on  "Pressure  Ri.ses"  deals  very  clearly  with  the 
theory  of  travelling  waves,  and  the  transient  voltages  appearing  on 
tiaiismission  systems.  This  chapter  is  of  considerable  value  in  a  book 
on  power  transmission. 

Chapter  XV  on  "Power  Limits  of  Transmission  Systems"  deals 
with  the  subject  mathematically  and  may  give  the  wrong  impression 
of  this  problem  to  a  casual  reader.  The  author  is  careful  to  point 
out,  however,  that  practical  considerations  modify  calculations  of 
power  limits  to  a  great  degree. 

A  very  valuable  bibliography  is  found  at  the  end  of  each  chapter, 
and  the  author  is  to  be  commended  for  including  this.  He  has  evidently 
studied  American  as  well  as  European  practice,  so  that  the  book  has 
merit  in  that  it  expresses  the  author's  opinion  of  the  best  in  each,  and 
as  such,  is  of  more  than  ordinary  interest  to  the  American  engineer. 


'Chief  eleclriral    engineer, 
Toronto.  Ont. 


Hydro- Electric     Power     Comminsion     of     Ontario. 


Mechanical  and  Electrical  Equipment 
for  Buildings 

By  C.  M.  Gay  and  C.  De  Van  Fawcett.    John  Wiley  and  Sons,  New  York. 

{Renouf  Publishing  Company,  Montreal)  1935.    6  hy  9)4,  inches. 

Diagrams,  tables.     Jf29  pages.     Cloth.     85.00. 

Reviewed  by  E.  A.  Ryan,  m.e.i.c* 

This  new  work  on  the  subject  of  mechanical  and  electrical  equip- 
ment for  buildings  is  a  very  complete  review  of  the  major  problems  to 
be  solved  in  the  equipment  of  a  modern  building.  The  authors  have 
purposely  prepared  the  work  for  members  of  their  own  profession,  the 
architects,  and  with  this  in  mind  they  refrained  from  presenting  a 
treatise  that  is  technical  in  the  extreme.  They  have  preferred  rather  to 
treat  the  various  subjects  in  the  simplest  possible  forms  but  have, 
nevertheless,  given  the  fundamental  technical  data  governing  the 
solution. 

The  work  treats  of  water  supply,  plumbing,  drainage,  heating, 
air  conditioning,  electrical  equipment  and  acoustics,  and  gives  very 
valuable  information  on  the  better  known  systems  and  apparatus 
commercially  available. 

Chapters  are  included  on  water  supply  equipment  and  the  design 
and  installation  of  water  supply;  plumbing  fixtures  and  private  sewage 
disposal;  warm  air,  steam  and  hot  water  heating;  electrical  materials 
and  machinery,  wiring  systems;  elevators,  and  interior  and  flood 
lighting. 

It  should  prove  very  convenient  and  useful  to  all  practising  archi- 
tects, or  even  engineers  whose  duties  do  not  require  a  deep  knowledge 
of  any  of  the  foregoing  branches  but  who  at  the  same  time  should  have  a 
working  knowledge  of  the  underlying  principles  and  facts. 


'Consulting  engineer,  1188  Phillips  Place,  Montreal. 


ANNUAL  MEETING  1936 

The  Fiftieth  Annual  General  and  General  Profes- 
sional Meeting  of  The  Institute  is  to  be  held  at  The 
Royal  Connaught  Hotel,  Hamilton,  Ontai'io  on  Thurs- 
day and  Friday,  February  6th  and  7th,  193(5. 
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BULLETINS 

Signal  Systems — -A  4-page  leaflet  received  from  Edwards  and 
Company  of  Canada,  Montreal,  gives  particulars  regarding  a  number 
of  the  company's  signals  and  alarm  systems. 

Motor  Trucks — The  Four  Wheel  Drive  Auto  Company,  Clinton- 
ville,  Wis.,  have  issued  a  12-page  bulletin  detailing  features  and  uses  of 
their  Model  HS  for  high  speed  hauling. 

Graders — A  40-page  booklet  issued  by  the  Caterpillar  Tractor 
Company,  Peoria,  111.,  describes  their  elevating  graders  Nos.  42  and  48 
which  are  available  in  either  engine-driven  or  power  take-off  designs. 
The  first,  with  a  42-inch  carrier  belt,  requires  a  40-h.p.  engine;  the  latter 
size,  with  48-inch  carrier  belt,  requires  a  46-h.p.  engine.  Both  sizes 
can  be  obtained  with  carriers  of  from  14  to  25  feet. 

Compressors — A  4-page  leaflet  received  from  the  Worthington 
Pump  and  Machinery  Corporation,  Harri.son,  N.J.,  contains  data  on  the 
company's  steam  booster  compressors. 

Pumps — The  Worthington  Pump  and  Machinery  Corporation, 
Harrison,  N.J.,  have  issued  a  4^page  folder  describing  and  illustrating 
their  deep  well  turbine  pumps,  types  Q  and  QA,  obtainable  for  installa- 
tions requiring  from  30  to  225  U.S.  gallons  per  minute  at  heads  up  to 
400  feet. 

Aerial  Ropeways — A  48-page  booklet  received  from  Ropeways 
Limited,  London,  England,  illustrates  types  and  systems  of  aerial 
ropeways,  and  their  general  uses  and  advantages. 

List  of  New  and  Revised  British  Standard 
Specifications 

(issued  during  June  and  July,  1935). 

B.S.S.  No. 

613 — 1935.  Components  for  Radio- Interference  Suppression  Devices. 

First  of  a  series  of  specifications  dealing  with  radio  inter- 
ference. Originated  in  a  sub-committee  of  the  LE.E. 
Deals  with  rating,  performance,  and  tests  of  condensers, 
inductors  and  resistors  used  in  the  construction  of  inter- 
ference suppressors.  Appendix  gives  diagrams  of  connec- 
tions and  schedules  of  component  values. 

618 — 1935.  Emulsions  of  Road  Tar  and  of  Road  Tar-Asphaltic  Bitumen 
Mixtures  for  Penetration  (Grouting  and  Semi-Grouting)  and 
Surface  Dressing. 

First  B.S.  Specification  for  a  cold  road  dressing,  incorporat- 
ing tar.  Appendices  are  included  giving  methods  of 
sampling  and  testing  of  the  emulsion. 

620 — 1935.  The  Dimensions  of  Grinding  Wheels  and  Method  of  Attach- 
ment. 

Dimensions  of  generally  used  shapes  and  sizes  of  grinding 
wheels,  and  of  the  flanges  and  washer  plates  to  be  used 
with  the  standard  method  of  attachment.  Tolerances  and 
fits  of  the  spindle  in  the  wheels  are  specified,  with  the 
quality  of  the  material  from  which  the  spindle  and  flanges 
are  to  be  made. 

621 — 1935.  Wire  Ropes  of  Special  Construction  for  Engineering  Purposes, 
inclusive  of  Cranes,  Lifts  and  Excavators. 
Providing  for  Seale  construction,  oval  and  flattened  strand 
and  multiple  strand  wire  ropes  from  l}/^  to  6  inches 
circumference  for  special  engineering  purposes  including 
cranes,  lifts  and  excavators. 

Copies  of  these  specifications  may  be  obtained  from  the  British 
Standards  Institution,  28  Victoria  Street,  London,  S.W.I,  England  and 
from  the  Canadian  Engineering  Standards  Association,  79  Sussex 
Street,  Ottawa,  Ont. 

The  Institution  of  Civil  Engineers  of  Ireland 
Celebrates  its  Centenary  1835-1935 

{Contributed  by  N.  F.  Harrison,  A.M.E.I.C.) 

On  August  6th  of  this  year.  The  Institution  of  Civil  Engineers 
of  Ireland  celebrated  its  one  hundredth  birthday.  It  was  on  August 
()th,  1835,  that  a  few  Irish  engineers,  animated  by  the  need  of  a  national 
organization  for  the  engineering  profession  in  Ireland,  first  met  under 
the  chairmanship  of  Colonel  John  Fox  Burgoyne  in  the  old  office  of 
Public  Works,  Dublin,  for  the  purpose  of  forming  an  association  to  be 
called  "The  Civil  Engineers  Society  of  Ireland." 

In  its  early  years  the  society  encountered  many  difficulties,  but  a 
successful  reorganization  was  effected  in  1844,  and  its  title  changed 
to  its  pr(!sent  form. 

The  first  printed  transactions  appeared  in  1845,  the  opening  paper 
being  one  read  on  November  12th,  1844,  by  Robert  Mallet,  F.R.S. 
(President  1865-67),  on  "The  Artificial  Preparation  of  Turf  (Peat) 
Independently  of  Season  or  Weather." 

In  1877  a  Royal  Charter  was  granted  to  the  Institution  by  Queen 
Victoria,  and  it  will  be  of  interest  to  many  Canadian  engineers  to 
know  that  in  the  charter  year,   Robert  Manning   (whose  celebrated 


paper  on  "The  Flow  of  Water  in  Open  Channels  and  Pipes"  was  read 
to  the  Institution  of  C.E.I,  on  December  4th,  1889)  was  President. 

Two  days  were  given  over  to  the  centenary  celebrations  this  year. 
On  August  6th  a  special  meeting  was  convened  at  the  Engineers'  Hall, 
Dublin,  when  an  address  appropriate  to  the  occasion  was  delivered 
by  the  President  (Mr.  Nicholas  O'Dwyer)  and  delegates,  bringing 
felicitations  from  the  universities  and  various  sister  institutions  and 
associations,  were  received.  In  the  evening  a  reception  and  dance 
was  held  in  the  Mansion  House. 

On  August  7th  visits  were  paid  to  the  new  stand-by  plant  of  the 
Electricity  Supply  Board  at  the  Pigeon  House  Fort,  the  Main 
Drainage  Outfall  Works  of  the  Dublin  Corporation,  and  an  inspection 
trip,  by  steamer,  of  the  Port  of  Dublin. 

BRANCH  NEWS 

Border  Cities  Branch 

C.  F.  Davison,  A.M.E.I.C,  Secretary-Treasurer. 
F.  J.  Ryder,  S.E.I.C,  Branch  News  Editor. 

There  were  about  thirty  persons  present  at  the  meeting  which 
was  held  after  dinner  at  the  Prince  Edward  hotel,  on  Friday,  May 
17th,  1935.  Owing  to  the  continued  illness  of  our  secretary,  the 
minutes  were  not  read.  B.  Candlish,  a.m.e.i.c,  spoke  of  a  proposed 
visit  to  Sarnia  and  a  vote  was  taken  to  see  how  many  were  interested. 
Everyone  appeared  to  be  in  favour  of  the  idea. 

F.  H.  Kester,  m.e.i.c,  introduced  P.  L.  Pratley,  m.e.i.c,  of  the 
firm  of  Monsarrat  and  Pratley,  Montreal,  which  is  very  well  known 
for  its  work  throughout  the  Dominion.  The  subject  of  the  paper 
presented  was  "The  Isle  of  Orleans  Bridge."  The  construction  of 
this  bridge  was  part  of  the  government's  plan  to  aid  the  unemployed. 

The  Isle  of  Orleans  Bridge 

The  major  problems  in  design  were  (1)  to  have  as  large  a  Canadian 
content  as  possible;  (2)  to  overcome  political  opposition  and  restrictions. 
These  two  problems  were  overcome  by  the  firm  submitting  two  recom- 
mended designs.  One  which  could  be  constructed  under  the  restrictions 
and  specifications  cited ;  the  other  was  the  best  design  for  the  conditions 
existing  at  the  site  of  the  proposed  bridge.  The  latter,  a  suspension 
bridge  combined  with  truss  spans,  was  finally  chosen. 

A  good  deal  of  attention  was  paid  to  the  aesthetics  of  the  design 
as  well  as  the  technical  details  so  that  the  structure  would  not  mar 
the  landscape. 

Mr.  Pratley  discussed  the  general  details  covering  substructure 
and  superstructure  which  have  been  previously  reported  upon  in  The 
Journal.  One  of  the  new  innovations  on  this  particular  project  was 
the  use  of  the  "Truscon  Tee  Grid"  flooring  system  which  lightened  the 
load  due  to  floor  stem  and  also  enabled  the  contractor  to  use  the 
bridge  floor  prior  to  the  pouring  of  concrete. 

After  a  good  deal  of  interesting  discussion,  it  was  moved  by  R.  A. 
Spencer,  m.e.i.c,  that  a  hearty  vote  of  thanks  be  extended  to  Mr. 
Pratley,  which  was  seconded  by  H.  J.  Coulter,  a.m.e.i.c. 

Montreal  Branch 

C.  K.  McLeod,  A.M.E.I.C,  Secretary-Treasurer. 

Through  the  courtesy  of  the  Cunard  White  Star  and  Donaldson 
Atlantic  Lines,  members  of  the  Montreal  Branch  of  The  Institute  with 
their  ladies  and  friends  visited  the  Ascania  and  Athenia  on  Wednesday, 
September  18th,  1935. 

Luncheon  was  served  on  board  the  Ascania  at  1  o'clock  p.m., 
some  one  hundred  and  fifty  being  present.  F.  S.  B.  Heward,  a.m.e.i.c, 
chairman  of  the  Branch,  presided  and  thanked  the  officials  of  the 
Cunard  White  Star  Line  for  their  kindness  in  arranging  for  the  visit. 
Eric  Reford,  of  the  Robert  Reford  Company  Limited,  welcomed  the 
visitors  on  behalf  of  the  owners  of  the  Ascania.  Chief  Officer  H.  N. 
McGUl  also  spoke  a  few  words  of  welcome.  Dr.  F.  A.  Gaby,  m.e.i.c. 
President  of  'The  Institute,  was  among  those  at  the  head  table. 

Both  ships  were  open  for  inspection  from  12.30  to  3.00  o'clock 
p.m.  and  a  large  party  took  advantage  of  the  opportunity  of  viewing 
them,  the  boiler  and  engine  rooms  of  the  Ascania  proving  of  particular 
interest. 


The  English  Electric  Company  of  Canada,  Limited,  announces  the 
formation  of  a  new  Lighting  Division,  which  will  manufacture  and  sell 
"Barlux"  tubular  lamps  and  fittings.  These  lamps  are  of  3-ply  opal 
glass  in  lengths  from  6  inches  to  48  inches,  bent  to  any  desired  curve. 
The  standard  sizes  are  38  mm.  and  40  mm.  diameter  and  consume  35 
and  60  watts  per  foot  respectively. 

The  International  Nickel  Company  of  Canada  Limited  have  announced 
their  intention  of  erecting  a  chemical  and  research  laboratory  at  Copper 
Cliff,  Ontario.  This  will  deal  with  projects  leading  to  improvements  in 
the  process  for  refining  nickel  and  copper,  with  particular  emphasis 
directed  towards  the  development  of  new  uses  for  copper. 


(Vt,ol)(>r.  I93r, 
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River  Improvement  Work  in  Mancliuria 

A  description  of  the  Training  and  Protective  Work  Carried  out  on  the  Lower  Liao  River 

J'J.  E.  Lord,  A. M.E.I. v., 

Eslimalor,  Smith  liroa.  and  Wilson  Limited,  Reyiiui,  Sank. 

Formerly  Assistant  Engineer,  Lower  Liao  River  Conservancy,  Ncu'chwang,  Manchvria. 

Paper  presented  before  the  Saskatchewan  Branch  of  The  Engineering  Institute  of  Canada,  March  22nd,  1935. 


Manchuria  has  a  chmate  somewhat  similar  to  that  in  Regina,  the 
temperature  ranging  from  a  maximum  of  about  98  in  summer  to  15 
below  zero  in  the  winter.  However,  there  is  a  great  deal  more  wind 
and  much  of  the  work  seemed  to  be  a  continual  fight  against  wind. 
The  yearly  rainfall  averages  about  23  inches  but  nearly  half  occurs 
in  a  period  of  about  three  weeks  during  July  and  August.  The  total 
drainage  area  of  the  Liao  river  is  80,000  square  miles  and  the  greater 
part  is  entirely  barren  of  trees  with  a  rather  loose  sandy  soil  which 
is  subject  to  erosion.  This  meant  that  the  Liao  river  at  some  periods 
of  the  year  carried  a  tremendous  amount  of  silt. 

The  Port  of  Newchwang  is  situated  about  11  miles  from  the 
mouth  of  the  river,  at  which  point  the  river  is  approximately  2,000 
feet  wide  and  35  feet  deep  at  low  water.  During  the  cold  weather 
the  river  at  Newchwang  froze  over  in  November  and  opened  some 
time  in  March,  the  port  usually  being  closed  for  about  four  and  a  half 
months.  The  main  export  from  Newchwang  was  soya  beans  or  soya 
bean  oil  and  at  one  time  it  was  a  thriving  port  with  some  20,000  junks 
sailing  up  and  down  the  Liao  river.  Soya  beans  were  brought  from 
the  interior  and  general  cargo  and  salt,  extracted  from  sea  water  at 
Newchwang,  carried  back.  These  junks  were  taxed  on  the  trip  down 
and  also  on  the  trip  up  at  a  town  called  Tien  Chwang  Tai,  some  15 
miles  up  river  from  Newchwang. 

There  is  a  branch  of  the  river  running  from  Tan  Chia  Wo  Pu 
to  the  sea  north  of  Newchwang  (see  Fig.  1)  this  is  the  Shwang  Tai  Tzu 
branch.  Originally  this  was  not  a  branch  at  all  but  was  a  creek  which 
had  its  source  near  the  Liao  at  Tan  Chia  Wo  Pu  and  ran  from  there 
to  the  sea.  There  was  no  connection  between  this  creek  and  the  Liao 
river.  However,  some  junk  owners  conceived  the  idea  of  digging  a 
small  canal  to  connect  this  creek  with  the  Liao  river  as  they  could 
then  go  down  the  canal  and  the  creek  to  Newchwang  and  dodge  the 
tax  collectors  at  Tien  Chwang  Tai.  They  dug  the  canal,  and  as  it 
was  only  eight  feet  wide  and  would  only  take  a  small  boat,  no  one 
worried  about  it.  The  distance  to  the  sea  via  the  Shwang  Tai  Tzu 
branch  is  much  shorter  than  via  the  Liao  river  and  in  consequence 
the  water  tended  to  go  that  way.  This  tendency  gradually  scoured 
out  the  creek  until  now  it  is  a  large  river  and  robs  the  Liao  of  any- 
where from  15,000  to  40,000  second-feet  of  water. 

The  tidal  limit  of  the  Liao  river  does  not  reach  the  point  where 
the  Shwang  Tai  Tzu  branch  leaves  the  main  river  and  all  the  water 
going  down  the  branch  is  fresh  water.  A  silt  analysis  of  the  water 
taken  at  various  points  on  the  river  shows  that  the  water  coming 
down  the  main  river  and  in  the  Shwang  Tai  Tzu  branch  is  reasonably 
clean  and  that  most  of  the  silt  and  sand  comes  in  from  the  two  branches 
which  join  further  down  the  Liao  river.  This  silt  and  sand  is  gradually 
carried  down  river  by  the  ebb  tide  and  the  fresh  water  discharge  until 
it  reaches  the  mouth  of  the  river.  There  was  then  no  training  wall 
at  the  mouth  of  the  river  and  the  ebb  with  its  heavy  silt  content 
deposited  silt  and  sand  to  form  a  bar.  There  had  always  been  a  bai' 
at  the  mouth  of  the  Liao  river  with  approximately  9  feet  of  water 
over  it  at  low  water  but  there  was  a  sufficient  fresh  water  discharge 
at  all  times  to  maintain  that  depth.  However,  when  the  Shwang  Tai 
Tzu  branch  started  robbing  the  Liao  of  its  fresh  water  the  bar  began 
to  silt  up  and  finally  in  1914  it  had  silted  up  until  there  was  only  6 
feet  of  water  at  low  water. 

The  tide  rises  from  10  to  14  feet  at  the  bar,  and  this  added  to  the 
original  9  feet  of  water  gave  a  high  water  depth  of  19  to  23  feet  which 
was  generally  sufficient  for  the  China  coastal  steamers,  but  when  the 
bar  had  silted  up  3  feet  steamers  had  to  go  out  with  three  feet  less 
draught  which  meant  a  loss  of  considerable  cargo.  As  a  result  most 
steamers  had  to  go  to  another  port  to  fill  up.  The  nearest  port  was 
Dairen  where  there  was  plenty  of  water  and  an  excellent  harbour  and 
many  ships  were  going  there  and  not  calling  at  Newchwang  at  all. 
The  upper  reaches  of  the  river  below  the  Shwang  Tai  Tzu  branch  were 
also  silting  up  and  junks  had  difficulty  in  getting  down  river  to  New- 
chwang.    In  fact,  something  had  to  be  done. 

The  Liao  River  Conservancy  Board  was  formed  in  1914  and  was 
composed  of  various  Chinese  officials  and  the  managers  of  shipping 
companies  and  any  foreign  consuls  located  in  Newchwang.  A  tax 
was  placed  on  shipping  to  obtain  funds  and  Mr.  Hughes  was  appointed 
engineer  for  the  board  and  Sir  John  Wolfe  Barry  &  Lister  consulting 
engineers.  Mr.  Hughes  was  also  carrying  out  considerable  work  in 
other  parts  of  Manchuria  for  the  Chinese  government  and  could  not 
devote  all  his  time  to  the  Conservancy  work. 

The  obvious  thing  to  do  to  improve  the  river  was  to  close  the 
Shwang  Tai  Tzu  branch  and  this  was  tried  on  two  occasions.  However, 
towns  had  grown  up  along  the  branch  and  there  was  considerable 
traffic  on  the  river,  also  customs  stations  had  been  established  to  tax 
the  junks.     When  work  was  started  on  the  closure  there  was  a  great 


deal  of  complaint  and  finally  the  works  were  torn  out  and  a  few  riots 
staged  so  that  the  closing  had  to  be  abandoned.  The  consulting 
engineers  then  recommended  the  dredging  of  the  upper  reaches  of  the 
river  which  were  silting  up,  the  construction  of  two  training  walls 
at  the  mouth  of  the  river  and  the  closing  of  the  west  channel  near 
the  mouth  of  the  river.  (See  Fig.  2.)  The  training  walls  at  the 
mouth  of  the  river  were  to  confine  the  ebb  tide  across  the  bar  and 
thereby  scour  out  a  channel  over  the  bar.  As  the  set  of  the  tide  on 
the  bar  was  in  a  southerly  direction  the  east  training  wall  was  essential, 
but  both  would  be  better,  if  finances  permitted. 

Mr.  Hughes,  the  engineer  for  the  Board,  made  surveys  of  the  river 
and  in  the  years  1916,  1917  and  1918  closed  the  west  channel  and 
started  the  east  training  wall  at  No.  5  beacon  and  carried  it  out  to 
Mound  Beacon.  He  died  in  1918  and  in  1919  Mr.  P.  N.  Fawcett 
was  appointed  engineer-in-chief  of  the  Lower  Liao  River  Conservancj' 
and  the  author  was  appointed  assistant  engineer  early  in  1920.  Figure 
3  shows  the  part  of  the  river  with  which  our  work  was  concerned, 
that  is  from  the  entrance  up  to  Swan  island,  and  this  article  will  deal 
with  that  section. 

The  Survey  Work 

The  only  way  to  watch  the  various  changes  in  a  river  is  by  taking 
frequent  soundings  if  possible  in  the  same  places  each  year.  It  was 
decided   to  do  this  and  permanent  sounding  lines  were  established 


Fig.  1 — The  Liao  River  and  Tributaries. 

across  the  river  at  about  1,000  feet  apart.  Concrete  posts  4  by  (> 
inches  and  4  feet  long  were  placed  in  the  ground  on  the  sounding  line, 
one  on  either  bank  of  the  river,  and  in  all  117  lines  were  marked  in 
this  way  from  Signal  Station  to  Swan  island.  These  sounding  line 
stones  were  also  used  as  bench  marks  and  triangulation  points. 

The  next  step  was  to  make  a  proper  triangulation  of  the  whole 
river  from  the  bar  to  Swan  island.  (Fig.  3.)  Sides  of  the  triangles 
were  from  one  to  three  miles  long.  Accurate  base  line  measurements 
had  already  been  made  by  Mr.  Hughes  from  Fort  to  Signal  Station. 
All  angles  were  measured  six  times  by  trebling  the  angle  then  reversing 
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the  instrument  and  again  trebling  it.  The  correction  of  the  survey 
was  interesting  as  all  triangles  were  corrected  to  180  degrees  and  the 
central  angles  of  each  polygon  corrected  to  360  degrees,  also  in  each 
polygon  the  sum  of  the  log  sines  of  right  hand  external  angles  was 
corrected  to  equal  the  sum  of  the  log  sines  of  the  left  hand  external 
angles.  With  so  many  triangles  being  common  to  two  polygons  this 
last  correction  was  complicated  but  the  results  were  gratifying  indeed. 
When  taking  angles  minor  triangulation  was  made  of  any  prominent 
chimneys,  flagstaffs,  etc.,  which  might  be  useful  for  sounding  work. 
The  angles  at  East  Bank  Beacon  and  West  Bank  Beacon  on  the  bar 
were  taken  with  sextants,  as  these  were  in  about  10  feet  of  water. 

In  plotting  the  surveys  and  for  taking  and  plotting  soundings 
three  draughting  boards  4  by  6  feet  were  used.  All  points  of  the 
triangulation  were  plotted  on  these  boards,  one  for  work  on  the  bar 
and  two  for  the  river.  The  banks  of  the  river  were  then  fixed  by 
walking  along  the  bank  with  a  sextant  and  every  two  or  three  hundred 
feet  taking  two  angles  on  anj-  three  triangulation  points. 

The  next  step  was  to  obtain  levels,  as  no  levelling  had  been  done 
along  the  river.  These  were  started  from  Signal  Station  and  ran  to 
Swan  island  with  bench  marks  established  where  a  tide  gauge  might 
be  placed.  It  was  also  necessary  to  have  a  level  close  to  the  bar  for 
sounding  the  bar,  and  as  the  east  training  wall  had  been  built  from 
No.  5  Beacon  to  Mound  it  was  decided  to  run  levels  down  to  Mound. 
The  training  wall  was  only  built  to  a  height  of  about  two  feet  above 
low  water,  so  concrete  blocks  4  by  6  feet  and  4  feet  high  were  first 
poured  on  the  wall  and  a  hole  left  in  the  centre  to  take  a  beacon,  which 
served  to  mark  the  wall  when  it  was  covered  at  high  water.  The 
training  wall  was  constructed  of  hand  size  rubble  stone  and  was  setthng 
slightly  all  the  time  so  that  levels  were  carried  out  from  Signal  Station 
to  Mound  every  year  before  any  sounding  on  the  bar  took  place. 

The  levelling  completed,  tide  gauges  were  established  at  seven 
points  along  the  river.  The  gauges  used  were  2-  by  8-inch  plank  nailed 
to  a  pile  driven  in  the  sand.  They  were  20  feet  and  the  pile  25  feet 
long.  Owing  to  shortage  of  funds  a  floating  pile  driver  was  not  available 
so  that  all  piles  were  driven  by  hand.  The  method  was  briefly:  two 
junks  were  taken  out  on  to  the  bar  with  their  crew  of  seven  men  each 
and  about  six  extra  coolies  to  assist.  These  junks,  about  40  feet 
long  with  a  9-foot  beam,  were  anchored  fore  and  aft  at  the  spot  where 
the  gauge  was  to  be  placed  with  a  foot  of  clearance  between  the  junks. 
Two  poles  10  feet  long  were  lashed  to  the  pile  one  on  either  side  at  a 
suitable  height  and  the  pile  then  hoisted  to  an  upright  position  over 
the  water  with  the  poles  forming  a  large  T.  Ten  men  would  then 
scramble  up  on  to  the  tee  pieces  and  when  all  set  the  pile  would  be 
let  go.  The  weight  of  the  pile  and  men  on  it  was  sufficient  to  drive  it 
into  the  sand  enough  to  make  it  stick ;  then  four  guys  were  made  fast 
to  the  top  and  the  driving  action  would  start.  This  was  accomplished 
by  swaying  the  pile  from  side  to  side  by  the  guy  ropes  and  at  the  same 
time  the  ten  men  on  the  tee  piece  would  jump  up  and  down,  the  men 
all  jumping  in  unison  with  a  song  accompaniment  and  a  huge  amount 
of  shouting  by  the  remainder  of  the  crew,  the  foreman  shouting  the 
loudest  of  all.  It  was  a  most  bizarre  method  of  driving  piles  but  it 
worked.  Large  beacons  60  feet  in  height  with  a  17-foot  diamond  on 
the  top  were  driven  in  the  same  way  to  a  depth  of  ten  or  twelve  feet 
in  hard  sand,  the  only  difference  being  that  there  were  more  men, 
more  singing  and  more  shouting.     This  method  was  only  used  where 


piles  or  beacons  were  driven  in  water.  Later  a  small  hand  power 
jetting  pump  was  added  to  the  equipment. 

Having  erected  the  tide  gauges  at  the  middle  and  outer  buoys 
it  was  necessary  to  obtain  their  levels.  These  gauges  were  in  the  open 
sea,  the  latter  being  five  miles  out  from  Mound  Beacon  and  the  only 
way  to  obtain  their  levels  was  to  obtain  high  water  reading,  which  is 
always  a  level  plane  or  nearly  so,  of  the  gauges  at  Mound  Beacon  Signal 
Station  and  the  two  buoy  gauges.  The  only  trouble  was  that  there 
always  seemed  to  be  a  wind  or  a  bad  sea  to  contend  with  and  junks 
anchored  at  the  buoys  with  tide  gauge  readers  on  board  would  run 
for  shelter  when  a  sea  came  up,  and  if  the  wind  died  down  the  junks 
could  not  get  out  to  the  gauges  again  against  the  tide.  Finally,  after 
about  two  weeks'  trial,  the  necessary  readings  were  obtained.  These 
readings  coupled  with  those  at  the  other  two  gauges  gave  figures  from 
which  the  slope  of  the  water  on  both  flood  and  ebb  tides  could  be 
plotted.  All  was  now  ready  to  take  soundings  on  the  bar,  when  the 
gauges  at  the  middle  and  outer  buoy  were  stolen  during  the  night. 

The  erection  and  levelling  of  the  gauges  had  cost  considerable 
money  and  it  was  decided  that  it  was  not  worth  the  expense,  as  when 
readings  of  the  tides  taken  at  these  four  gauges  were  plotted  they 
showed  that,  for  sounding  purposes,  the  gauge  at  Mound  Beacon  could 
be  used  on  most  of  the  ebb  tide  and  obtain  from  it  reductions  which 
would  be  sufficiently  accurate  for  the  whole  bar. 

When  gauges  were  established  and  levelled  at  the  other  points 
on  the  river  previously  mentioned  it  was  decided  to  take  a  series  of 
simultaneous  tidal  observations  on  the  whole  river.  The  Upper  River 
Conservancy  staff  established  gauges  on  their  section  and  simultaneous 
readings  were  taken  every  ten  minutes  over  the  whole  of  the  tidal 
part  of  the  river.  The  tide  gauge  readers  were  usually  slightly  educated 
coolies  who  were  supplied  with  watches.  These  coolies  were  anxious 
to  see  how  the  watches  worked,  much  to  the  detriment  of  the  watches, 
and  one  could  never  be  sure  for  any  length  of  time  that  all  watches 
were  going  and  correct.  When  the  watches  stopped  the  obliging 
coolies  would  guess  at  the  time  for  possibly  a  twelve  hour  stretch  and 
it  was  also  found  that  the  readers  would  go  to  sleep  for  two  or  three 
hours  and  then  guess  at  the  height  of  the  tide  for  that  period.  After 
a  good  deal  of  disciplinary  action  and  patience  excellent  results  were 
finally  obtained  and  these  were  of  value  as  they  showed  the  progress 
of  the  tidal  wave  up  river  and  gave  the  quantity  of  the  tidal  charge 
of  the  river. 

Taking  Soundings 

The  all  important  work  of  the  survey  department  and  the  most 
interesting  was  taking  soundings.  One  complete  survey  was  made  of 
the  whole  bar  every  year  and  usually  one  or  two  smaller  surveys  of 
those  parts  on  which  work  was  to  be  done.  Also  one  complete  survey 
was  made  of  the  river  from  Mound  Beacon  up  to  Swan  island.  The 
scouring  effect  of  the  training  wall  on  the  bar  was  of  interest  and  the 
only  way  to  watch  it  was  by  taking  soundings.  Each  spring  three 
large  survey  beacons  were  placed  on  the  bar  at  Mound,  East  Bank 
and  West  Bank,  the  remaining  beacons  shown  on  Fig.  2  were  placed 
by  the  customs  service  as  aids  to  navigation  but  were  useful  as  well. 
Those  beacons  placed  on  the  training  wall  were  in  concrete  blocks  and 
did  not  need  to  be  triangulated  but  the  remainder  had  to  be  triangulated 
as  soon  as  erected  in  the  spring. 
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Fig.  2 — Bar  at  the  Mouth  of  the  Liao  River. 
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Fig.  3 — Triangulation  of  the  Lower  Liao  River. 


For  sounding  on  the  bar  a  (iO-foot  steam  launch  with  a  crew  of 
six  men  was  used.  Before  starting  the  survey  a  series  of  transit  lines 
that  the  launch  could  steam  along  were  laid  out  and  it  was  arranged 
so  that  no  two  sounding  lines  were  over  1,000  feet  apart.  All  depths 
were  read  to  3  inches  using  bamboo  poles  for  depths  up  to  16  feet  and 
lead  lines  for  over  that  depth.  Tide  gauge  readers  were  placed  at 
Signal  Station  and  Mound  Beacon  with  watches  corrected.  When 
sounding  the  launch  ran  at  a  speed  of  3  to  4  knots,  two  sailors,  one  on 
either  side  of  the  launch,  took  the  depth  taking  about  ten  soundings  a 
minute  all  of  which  were  recorded  in  the  sounding  book.  The  author 
and  his  assistant  would  fix  the  position  of  the  launch  by  taking  sextant 
angles  on  three  beacons  at  the  same  time.  That  is,  the  angle  between 
East  Bank  Beacon  and  Mound  would  be  measured  and  also  the  angle 
between  Mound  and  West  Bank  Beacon.  The  position  of  the  launch 
was  fixed  about  once  a  minute  during  which  time  ten  soundings  had 
been  taken  and  the  launch  travelled  400  feet.  The  time  of  fix  and 
angles  were  all  entered  in  the  sounding  book.  A  survey  of  the  bar 
usually  took  about  two  weeks.  It  could  have  been  done  quicker  but 
when  sounding  to  3  inches  the  sea  must  be  calm  and  it  was  sometimes 
necessary  to  wait  for  days  before  anything  could  be  done. 

As  the  nearest  tide  gauge  to  the  bar  was  at  Mound  Beacon  it  was 
necessary  to  stop  sounding  as  soon  as  there  was  a  suspicion  of  flood 
tide  at  the  outer  buoy.  All  soundings  were  reduced  to  the  depth  at 
low  water  of  ordinary  spring  tides  which  meant  that  the  depth  at 
any  one  place  was  reduced  by  the  amount  that  the  gauge  at  Mound 
showed  above  low  water,  but  if  there  was  a  slight  rise  in  the  tide  at  the 
outer  buoy  it  meant  that  the  slope  of  the  water  over  the  bar  was  in 
the  form  of  a  very  flat  V  with  the  bottom  point  of  the  V  gradually 
coming  nearer  Mound  Beacon  until  such  time  as  the  flood  tide  started 
making  at  Mound.  If  soxmding  at  that  time  readings  on  the  gauge 
at  Mound  showed  low  water  with  no  reduction  in  the  soundings  whereas 
actually  at  the  outer  buoy  the  tide  may  have  risen  as  much  as  9  inches 
and  depths  would  show  that  much  greater  than  they  actually  were. 
On  some  tides  the  water  would  actually  rise  a  matter  of  6  inches  in 
ten  minutes.  No  soundings  were  taken  on  the  flood  tide  except  in 
places  where  accuracy  was  not  important. 

River  sounding  was  quite  different  in  some  respects.  A  gauge 
could  be  driven  down  in  the  soft  mud  quickly  at  any  place  where  there 
was  a  bench  mark  and  thereby  sound  at  any  state  of  the  tide  and  also 
in  most  places  there  was  no  sea  and  soundings  were  only  taken  to  1  foot. 
The  same  launch  was  used  but  always  with  a  lead  line  as  the  depth 
ranged  anywhere  up  to  40  or  50  feet.  Two  men  were  placed  on  each 
bank  of  the  river,  each  man  with  a  light  beacon  15  feet  high.  A  man 
on  either  bank  would  place  his  beacon  on  the  soimding  line  stone  and 
his  mate  would  place  the  other  one  in  line  with  the  stone  and  the 
beacon  across  the  river.  This  gave  the  launch  two  beacons  on  either 
bank  to  keep  in  line.  Large  flags  were  also  placed  at  all  triangulation 
points  on  either  bank  in  the  vicinity  for  fixing  the  position  of  the 
launch.  The  launch  would  steam  as  slowly  as  possible  across  river 
but  there  was  often  a  tide  running  at  2  feet  per  second  so  that  it  was 
not  going  any  too  slowly.  The  greatest  difficulty  was  in  getting  the 
sailors  to  take  soundings  in  40  feet  of  water  quickly  enough.  The 
actual  sounding  in  the  river  did  not  take  long  but  the  time  was  spent 
in  getting  tide  gauge  readers  to  the  gauges  and  placing  flags  on  the 
triangulation  stones.  Flags  and  poles  had  to  be  taken  down  at  night 
as  the  flags  were  4  feet  square  and  were  valuable  to  the  natives  as 
clothes  for  children  and  any  flag  left  up  over  night  was  gone  in  the 
morning. 

Current  observations  were  also  taken  at  various  points  on  the 
river  and  bar  with  a  current  meter,  but  as  the  direction  of  the  tide 
was  often  of  more  interest  than  the  speed,  floats  were  used  most  of  the 
time.     These  floats  were  made  from  half  of  a  5-gallon  oil  can  with  a 


weight  made  of  sheet  lead  and  constructed  so  as  to  offer  as  much 
resistance  to  the  current  as  possible  suspended  from  the  under  side. 
The  floats  were  followed  in  a  sampan  and  their  position  fixed  as  often 
as  desired. 

The  object  of  the  Conservancy  was  to  aid  shipping  to  the  port 
of  Newchwang  and  it  was  realized  that  one  way  to  assist  would  be  in 
tide  predictions.  The  tides  over  the  Newchwang  bar  were  a  com- 
bination of  the  diurnal  and  the  semi  diurnal  and  the  result  was  to 
give  a  large  diurnal  inequality  in  the  height  of  high  water.  This 
caused  the  high  water  that  occurred  in  the  late  afternoon  and  evening 
to  be  as  much  as  4  feet  higher  than  the  high  water  occurring  in  the 
morning.  Therefore  if  the  tides  could  be  predicted  reasonably  accurate- 
ly steamers  could  take  advantage  of  the  higher  high  water  at  all  times 
and  so  load  more  cargo.  The  Liao  river  is  situated  at  the  head  of 
the  Pei  Chihli  Gulf  and  forms  a  bottle  neck  and  with  a  strong  southerly 
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Fig.  4 — Example  of  Mixed  Tide  at  Liao  Bar. 


wind  a  good  deal  of  the  water  in  the  gulf  was  driven  up  to  the  north 
and  into  the  Liao  river,  making  the  actual  tide  as  much  as  2  or  3  feet 
above  normal,  and  the  reverse  took  place  with  a  north  wind.  In  order 
to  predict  tides  it  is  necessary  to  have  one  year's  tidal  records  to  predict 
from  but  with  so  much  wind  at  Newchwang  it  was  necessary  to  take 
two  or  three  years'  tides  in  order  to  get  away  from  the  effect  of  the  wind. 
The  author  was  not  at  the  time  acquainted  with  any  method  of 
tide  prediction  but  after  some  study  finally  predicted  tides  for  the 
bar.  These  predictions  were  issued  in  small  books  to  the  shipping 
companies  and  captains  of  steamers  using  the  port  and  proved  very 
useful.  Figure  4  shows  actual  tides  and  predictions  with  predicted 
heights  as  a  dotted  line. 
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Work  on  the  Bar 

The  main  work  of  the  Conservancy  was  the  construction  of  the 
east  training  wall  and  the  west  channel  closure.  See  Fig.  2.  As 
mentioned  previously  Mr.  Hughes  had  from  1916  to  1919  constructed 
the  west  channel  closiu'e  and  the  east  training  wall  from  No.  5  Beacon 
to  Mound  Beacon.  The  closing  of  the  west  channel  had  helped  to 
some  extent  in  increasing  the  speed  of  the  ebb  tide  over  the  bar  but 
the  main  work  was  to  push  out  the  east  training  wall  quickly  in  order 
to  gain  advantage  of  the  increased  scouring  effect.  The  wall  was 
carried  on  from  Mound  Beacon  and  in  1925  extended  past  the  middle 
buoy.  The  stone  used  for  the  training  wall  was  not  all  that  could 
be  desired  as  regards  size.  Owing  to  financial  difficulties  large  plant 
to  handle  large  sized  stone  could  not  be  purchased  and  all  stone  used 
was  placed  by  hand,  which  limited  the  size,  though  no  stone  was  to 
weigh  less  than  66  pounds.  The  stone  for  the  wall  came  by  train 
from  quarries  at  Ta  Shih  Chiao  some  20  miles  east  of  Newchwang. 
During  the  summer  ten  cars  of  stone  arrived  daily.  The  stone  was 
brittle  and  with  the  loading  on  to  cars  at  Ta  Shih  Chiao,  unloading  at 
Newchwang  and  loading  and  unloading  on  the  bar,  it  broke  up  con- 
siderably. For  transporting  the  stone  there  was  a  94-foot  sea-going 
tug  and  three  barges.  Two  of  the  barges  carried  a  deck  load  of  200 
cubic  yards  each  and  were  110  feet  long,  20Tfoot  beam.  The  third 
barge  was  a  self-dumping  hopper  barge  120  feet  long,  22-foot  beam  and 
carried  220  cubic  yards  of  stone.  These  barges  were  loaded  by  hand 
at  the  docks  in  Newchwang,  which  took  two  hours,  and  towed  to  the 
bar.  Arrived  at  the  bar  the  two  barges  with  a  deck  load  would  moor, 
usually  one  on  either  side  of  the  wall,  and  the  stone  was  dumped  on 
the  wall  by  hand  again.  This  also  took  about  two  hours.  The  hopper 
barge  had  large  doors  in  the  bottom  of  the  hopper  and  was  moored 
over  the  end  of  the  wall  where  there  was  no  stone  and  the  doors  opened. 
As  all  unloading  was  done  on  the  ebb  tide  the  arrangement  worked 
out  very  well  as  the  hopper  barge  could  start  the  wall  and  the  other 
two  barges  finish  it  to  proper  height.  The  wall  was  built  up  to  3  feet 
above  low  water  and  was  approximately  10  feet  high  in  all.  The  ice 
action  in  the  winter  and  seas  in  the  summer  flattened  it  out  a  great 
deal  and  building  was  continued  until  such  time  as  the  stone  found 
its  own  angle  of  repose.  There  were  also  twelve  stone- carrying  junks 
with  a  capacity  of  28  to  50  cubic  yards  of  stone.  These  were  used  in 
maintaining  the  older  part  of  the  wall  and  the  west  channel  closure  and 
filling  up  any  gaps  left  by  the  barges. 

There  was  also  good  stone  available  at  Kaichow  which  is  13 
miles  by  water  south  east  of  the  end  of  the  training  wall.  This  stone 
was  of  better  quality  and  cheaper  than  that  at  Ta  Shih  Chiao  but 
tliere  was  no  harbour  at  Kaichow  and  no  docks.  However  it  was 
decided  to  investigate  the  feasibility  of  taking  the  barges  there.  At 
low  water  there  was  no  water  at  all  on  the  shore,  which  meant  at  high 
water  there  was  from  9  to  14  feet.  The  tug  drew  9  feet  of  water  and 
at  one  place  there  was  a  small  point  jutting  out  which  afforded  slight 
protection  from  the  sea.  It  was  therefore  decided  that  it  could  be 
done  and  a  wharf  was  built  to  accommodate  the  three  barges  and 
also  hold  a  reserve  supply  of  stone.  The  barges  usually  unloaded  on 
the  bar  at  low  water  and  as  soon  as  the  tide  rose  a  little  the  tug  would 
pick  them  up  and  head  for  Kaichow.  The  trip  took  about  three  hours 
and  by  that  time  there  would  be  sufficient  water  at  the  docks  for  the 
barges  to  go  alongside.  The  tug  would  steam  in  at  full  speed  and  as 
soon  as  the  water  became  too  shallow  she  would  swing  around  and 
let  the  barges  go  and  they  usually  had  sufficient  way  to  make  the  dock. 
Jjoading  took  about  two  hours  and  by  that  time  the  tide  would  be 
sufficiently  high  for  the  tug  to  come  in  and  pick  up  the  barges.  This 
was  the  schedule  but  for  emergencies  a  large  anchor  was  dropped  out 
in  deep  water  and  a  cable  run  from  it  to  the  dock.  When  the  barges 
were  loaded  and  there  was  not  enough  water  for  the  tug  the  crew 
took  a  turn  or  two  of  the  cable  around  their  own  winch  and  pulled  out 
to  the  tug.  The  stone  at  Kaichow  was  quarried  from  the  hills  in  the 
immediate  vicinity  and  hauled  to  the  dock  in  two  wheeled  carts.  The 
carts  were  made  entirely  of  wood  including  the  axle  and  were  of  the 
same  design  as  used  in  China  some  two  thousand  years  ago.  These 
carts  carried  about  one;  cubic  yard  of  stone,  and  were  drawn  by  two 
horses,  one  mule  and  a  donkey  or  any  other  arrangement  of  animals 
that  the  owner  possessed. 

The  work  required  at  times  a  good  deal  of  ingenuity  due  to  the 
almost  complete  lack  of  mechanical  equipment.  The  only  available 
power  was  the  tug  and  launches.  Everything  else  was  done  by  hand. 
Concrete  mixed  by  hand,  piles  driven  by  hand  and  stone  loaded  and 
unloaded  by  hand.  The  wages  for  coolie  labour  were  about  $4.50  per 
month  and  at  that  without  board  .so  that  mechanical  methods  simply 
could  not  compete  with  labour.  All  lumber  used  was  purchased  in 
logs  and  sawn  and  dressed  by  hand.  The  dock  built  at  Kaichow  was 
constructed  of  concrete  piles  and  3-  l)y  IS-inch  concrete  planks  to  form 
a  bulkhead.  The  whole  of  this  work  was  made  in  Newchwang  by 
hand,  loaded  and  unloaded  by  hand  at  Kaichow  and  the  piles  driven 
by  hand.     The  piles  ranged  from  18  to  25  feet  in  length. 

In  1927  the  east  training  wall  had  been  constructed  to  a  point 
well  past  the  middle  buoy,  the  total  length  being  36,000  feet.  510,000 
cubic  yards  of  stone  had  been  placed  on  this  wall  and  54,000  cubic 
yards  used  on  the  west  channel  closure.  The  wall  had  been  pushed 
out  as  quickly  as  po.ssible  to  obtain  the  scouring  effect  on  the  bar 


and  stiU  required  a  great  deal  of  stone  to  complete  it.  The  cost  ol 
the  stone  laid  down  on  the  wall  including  all  charges  was  $2.00  per 
cubic  yard. 

Figure  2  shows  some  of  the  results  accomplished  by  the  training 
wall,  which  were  very  gratifying.  Before  the  wall  was  started  the 
depth  at  low  water  on  the  bar  was  6  feet  but  the  six-foot  contour  had 
not  broken  through  the  bar.  This  contour  finally  broke  through  and 
later  the  seven-foot  contour.  In  1917  the  nine-foot  contour  on  the 
inside  of  the  bar  ended  at  Mound  Beacon  and  in  1923  it  had  advanced 
to  a  point  past  the  middle  buoy,  a  total  advance  of  11,500  feet.  In 
1917  the  distance  from  9  feet  of  water  outside  the  bar  to  9  feet  inside 
was  three  miles  and  in  1923  this  had  been  reduced  to  one  mile.  The 
length  of  the  bar  had  therefore  been  decreased  by  two  miles  and  the 
depth  increased  by  one  foot.  The  consulting  engineers  had  recom- 
mended the  purchase  of  a  dredger  when  the  wall  reached  the  middle 
buoy  so  that  a  channel  could  be  started  across  the  remainder  of  the 
bar  which  would  materially  assist  in  cutting  through;  however,  finances 
at  the  time  did  not  permit  this. 

It  has  been  calculated  that  a  total  of  18J^  million  cubic  yards  of 
material  was  scoured  off  the  bar  between  1917  and  1925.  The  total 
cost  of  the  work  was  roughly  one  million  dollars  or  just  a  little  over 
5  cents  per  yard.  A  dredger  could  have  taken  it  off  much  quicker 
but  not  as  cheaply. 
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QUALIFICATIONS 

LEADING  TO  A  LICENCE  TO  PRACTISE 
For  University  Applicants 

"Engineering  Pupil" — In  British  Columbia  undergraduates  enroll 
as  " Engineering  Pupils"  in  the  third  year  of  a  five  year  course. 

"  Engineer-in-Training" — On  graduation,  graduates  enroll  as 
"  Engineers-in-Training" ;  are  formally  welcomed  into  the  Profession 
by  means  of  a  suitable  ceremony  held  in  their  honour  by  the  Council 
of  the  Association  (part  of  the  ceremony  being,  "The  Order  of  the 
Calling  of  an  Engineer").  An  Entrance  Fee  of  $10.00  becomes  payable 
in  the  year  subsequent  to  the  year  of  graduation  and  an  Annual  Fee 
of  $5.00  in  succeeding  years. 

"The  Licence  to  Practise"  constitutes  the  highest  honour  at  the 
disposal  of  the  Engineering  Profession  and  this  is  granted  to  graduates 
who,  after  four  or  five  years  of  practical  work  and  having  paid  their 
fees  as  Engineers-in-Training  for  this  period,  present  a  worth-while 
professional  thesis  of  from  five  to  ten  thousand  words,  based  on  the 
work  that  they  have  enjoyed  or  been  in  contact  with  subsequent  to 
graduation. 

The  theory  or  principle  underlying  the  granting  of  a  Ucence  to 
practise  is  that  which  guides  all  the  other  professions,  namely  that 
those  applicants  who  have  successfully  passed  through  the  officially 
prescribed  education,  the  officially  prescribed  junior  experience  and  the 
official  tests,  deserve  complete  and  full  recognition.  (Entrance  Fee 
$35.00.     Annual  Fee  $10.00.) 

For  Non-University  Applicants 

Non-university  applicants,  who  must  possess  JUNIOR  MATRIC- 
ULATION, can  obtain  a  licence  to  practise  by  passing  three  examina- 
tions, PreUminary,  Intermediate  and  Final,  together  with  a  professional 
thesis.  Semi-annual  Examinations  October  28th,  1935  and  April 
27th,  1936. 

Further  information  can  be  obtained  from : 

THE  REGISTRAR 

The  Association  of  Professional  Engineers  of  the  Province  of  B.C. 

930  Birks  Building,  Vancouver,  B.C. 

Seymour  1827 


The  Lachine  sheet  of  the  National  Topographic  series  of  maps 
recently  issued  by  the  Geographical  Section  of  the  Department  of 
National  Defence  provides  a  comprehensive  view  of  the  southern  half 
of  the  island  of  Montreal,  showing  about  one-half  of  greater  Montreal, 
including  Westmount,  Montreal  West  and  Bellevue,  together  with 
the  area  south  of  the  St.  Lawrence  river  in  which  are  located  Beauhar- 
nois,  Caughnawaga,  Chateauguay,  Delson  and  St.  Remi.  In  con- 
junction with  the  Laval  sheet  issued  earlier  in  the  year,  the  two  maps 
almost  completely  cover  the  island  of  Montreal  and  a  considerable  area 
north  and  south  of  the  St.  Lawrence  river. 

The  sheet  is  distributed  by  the  Topographical  and  Air  Survey 
Bureau,  Department  of  the  Interior,  Ottawa,  from  which  source  copies 
may  be  obtained  for  25  cents  each. 
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Preliminary   Notice 

of  Applications  for  Admission  and  for  Transfer 


September  30th,  1935 

The  By-laws  provide  that  the  Council  of  The  Institute  shall 
approve,  classify  and  elect  candidates  to  membership  and  transfer 
from  one  grade  of  membership  to  a  higher. 

It  is  also  provided  that  there  shall  be  issued  to  all  corporate 
members  a  list  of  the  new  applicants  for  admission  and  for  transfer, 
containing  a  concise  statement  of  the  record  of  each  applicant  and 
the  names  of  his  references. 

In  order  that  the  Council  may  determine  justly  the  eligibility 
of  each  candidate,  every  member  is  asked  to  read  carefully  the  list 
submitted  herewith  and  to  report  promptly  to  the  Secretary  any  facts 
which  may  affect  the  classification  and  selection  of  any  of  the  candidates. 
In  cases  where  the  professional  career  of  an  applicant  is  known  to  any 
member,  such  member  is  specially  invited  to  make  a  definite  recom- 
mendation as  to  the  proper  classification  of  the  candidate.* 

If  to  your  knowledge  facts  exist  which  are  derogatory  to  the 
personal  reputation  of  any  applicant,  they  should  be  promptly  com- 
mimicated. 

Communications  relating  to  applicants  are  considered  by 
the  Council  as  strictly  confidential. 


The  Council  will  consider  the  applications  herein  described  in 
November,  1935. 

R.  J.  DuRLEY,  Secretary. 


'The  professional  requirements  are  as  follows. — 

A  Member  shall  be  at  least  thirty-five  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  twelve  years,  which  period  may  include 
apprenticeship  or  pupilage  in  a  qualified  engineer's  ofiice,  or  a  term  of  instruction  in  a 
school  of  engmeering  recognized  by  the  Council.  The  term  of  twelve  years  may,  at 
the  discretion  of  the  Council,  be  reduced  to  ten  years  in  the  case  of  a  candidate  for 
election  who  has  graduated  from  a  school  of  engineering  recognized  by  the  Council. 
In  every  case  the  candidate  shall  have  held  a  position  in  which  he  had  responsible 
charge  for  at  least  five  years  as  an  engineer  qualified  to  design,  direct  or  report  on 
engineering  projects.  The  occupancy  of  a  chair  as  a  professor  in  a  faculty  of  applied 
science  of  engineering,  after  the  candidate  has  attained  the  age  of  thirty  years,  shall 
be  considered  as  responsible  charge. 

An  Associate  Member  shall  be  at  least  twenty-seven  years  of  age,  and  shall  have 
been  engaged  in  some  branch  of  engineering  for  at  least  six  years,  which  period  may 
include  apprenticeship  or  pupilage  in  a  qualified  engineer's  office  or  a  term  of  instruction 
in  a  school  of  engineering  recognized  by  the  Council.  In  every  case  a  candidate  for 
election  shall  have  held  a  position  of  professional  responsibility,  in  charge  of  work  as 
principal  or  assistant,  for  at  least  two  years.  The  occupancy  of  a  chair  as  an  assistant 
professor  or  associate  professor  in  a  faculty  of  applied  science  of  engineering,  after  the 
candidate  has  attained  the  age  of  twenty-seven  years,  shall  be  considered  as  yro- 
fessional  responsibility. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council  shall  be  required  to  pass  an  examination  before  a  board  of  examiners 
appointed  by  the  Council.  The  candidate  shall  be  examined  on  the  theory  and  practice 
of  engineering,  with  special  reference  to  the  branch  of  engineering  in  which  he  has  been 
engaged,  as  set  forth  in  Schedule  C  of  the  Rules  and  Regulations  relating  to  Examina- 
tions for  Admission.  He  must  also  pass  the  examinations  specified  in  Sections  9  and  10, 
if  not  already  passed,  or  else  present  evidence  satisfactory  to  the  examiners  that  he 
has  attained  an  equivalent  standard.  Any  or  all  of  these  examinations  may  be  waived 
at  the  discretion  of  the  Council  if  the  candidate  has  held  a  position  of  professional 
responsibility  for  five  or  more  years. 

A  Junior  shall  be  at  least  twenty-one  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  four  years.  "This  period  may  be  reduced  to 
one  year  at  the  discretion  of  the  Council  if  the  candidate  for  election  has  graduated 
from  a  school  of  engineering  recognized  by  the  Council.  He  shall  not  remain  in  the 
class  of  Junior  after  he  has  attained  the  age  of  thirty-three  years,  unless  in  the  opinion 
of  Council  special  circumstances  warrant  the  extension  of  this  age  limit. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council,  or  has  not  passed  the  examinations  of  the  third  year  in  such  a  course, 
shall  be  required  to  pass  an  examination  in  engineering  science  as  set  forth  in  Schedule  B 
of  the  Rules  and  Regulations  relating  to  Examinations  for  Admission.  He  must  also 
PMS  the  examinations  specified  in  Section  10,  if  not  already  passed,  or  else  present 
evidence  satisfactory  to  the  examiners  that  he  has  attained  an  equivalent  standard. 

A  Student  shall  be  at  least  seventeen  years  of  age,  and  shall  present  a  certificate 
of  having  passed  an  examination  equivalent  to  the  final  examination  of  a  high  school, 
or  the  matriculation  of  an  arts  or  science  course  in  a  school  of  engineering  recognized 
by  the  Council. 

He  shall  either  be  pursuing  a  course  of  instruction  in  a  school  of  engineering 
recognized  by  the  Council,  in  which  case  he  shall  not  remain  in  the  class  of  Student  for 
more  than  two  years  after  graduation;  or  he  shall  be  receiving  a  practical  training  in 
the  profession,  in  which  case  he  shall  pass  an  examination  in  such  of  the  subjects  set 
forth  in  Schedule  A  of  the  Rules  and  Regulations  relating  to  Examinations  for  Ad- 
mission as  were  not  included  in  the  high  school  or  matriculation  examination  which 
he  has  already  passed;  he  shall  not  remain  in  the  class  of  Student  after  he  has  attained 
the  age  of  twenty-seven  years,  unless  in  the  opinion  of  Council  special  circumstances 
warrant  the  extension  of  this  age  limit. 

An  ACUlate  shall  be  one  who  is  not  an  engineer  by  profession  but  whose  pursuits, 
scientific  attainments  or  practical  experience  qualify  him  to  co-operate  with  engineers 
in  the  advancement  of  professional  knowledge. 


The  fact  that  candidates  give  the  names  of  certain  members  as  reference  does 
not  necessarily  mean  that  their  applications  are  endorsed  by  such  members. 


FOR  ADMISSION 

ANUKRSON— IIOI'IO  VERE,  of  102  Fentiman  Ave,  OUawa,  Out..  Born  at, 
-Motlierwell,, Scotland,  Dec.  10th,  1800;  Educ,  1006-10,  Cllasgow  and  West  of  Scotland 
Tech.  Coll.;  1907-10,  premium  ap'tioe.  with  Messrs.  Alley  and  McLellan,  Glasgow. 
Pattern-making,  fitting,  erecting  and  testing  divn,,  drawing  office;  1910-13,  designing 
ilftsnian.,  as  follows:  1910-11,  G.  &  .(.  Weir,  Glasgow;  1911-12,  Miinlees  Watson, 
Cilasgow;  1912,  International  Marine  Signal  Co.,  Ottawa;  191,%  Dept.  of  Mines, 
Ottawa;  1913-24,  niech'l.  eiigr.,  and  1924  to  date,  senior  asst.  engr.,  Dept.  of  Marine, 
Ottawa,  Ont.  Work  includes  inspection  of  sites  for  now  projects  and  reports  thereon. 
Design  of  lighthouse  piers,  timber  and  reinforced  concrete,  steel  towers,  protection 
works,  depot  wharves  and  workshops,  optic  apparatus,  etc. 

References:  L.  F.  H.  deMiffonis,  ,1.  G.  Macphail,  C.  P.  Edwards,  C.  M.  Pitts, 
K.  Gohier,  J.  L.  Busfield. 

ARMSTRONG— THOMAS  CHAPMAN,  of  i28.5  Argyle  St.,  Port  Arthur,  Ont,, 
Born  at  Kenora,  Ont.,  .Sept.  23rd,  1908;  Educ,  1928-.30,  Queen's  Univ.;  1927-28, 
asst.  to  chief  mining  cngr.,  Noranda  Mines  Ltd.;  19.30-31  (6  mos.),  instr'nian.  and 
dftsman.,  Dept.  Public  Highways  Ontario;  1931-32,  dftsman.,  1932-33,  asst.  to  engr. 
on  constrn.,  and  1933  to  date,  chief  dftsman.,  Dept.  Northern  Development,  Thunder 
Bay  District,  in  charge  of  all  plans  for  layout  and  highway  constrn.,  timber  trestles, 
concrete  bridges  and  abutments,  cngrg.  estimates,  etc. 

References:  T.  S.  .Ariristrong,  W.  P.  Wilgar,  ('•.  H.  Mcl.cnnan,  .1.  M.  Fleming, 
H.  G.  O'Leary. 

FRASER— INNES  MARTELL,  of  301  Portland  St.,  Dartmouth,  N.S.,  Born 
at  Rawdon,  N.S.,  .July  17th,  1911;  Educ,  B.Sc  (E.E.),  N.S.  Tech.  Coll.,  1934;  19.32 
(summer),  transitnian  on  survey;  1934  to  date,  potontiometcr  mtcc.  man.,  Imperoyal, 
Dartmouth,  N.S. 

References:  R.  L.  Dunsmore,  W.  P.  Copp,  H.  R.  Theakston,  F.  R.  Faulkner, 
A.  R.  Chambers,  A.  G.  Tapley,  R.  B.  Stewart,  G.  H.  Burchill, 

FRY— EDMUND  BOTTERELL,  of  Red  Lake,  Ont.,  Born  at  Westmount, 
Que.,  July  18th,  1902;  Educ,  B.Sc  (Mech.),  iMcGill  Univ.,  1925;  Grad.,  R.M.C; 
Summers:  1923,  material  man  on  constrn.,  E.  G.  M.  Cape  &  Co.;  1924,  instr'man., 
on  survey,  Ontario  Paper  Co.;  1925  (July-Dec),  shop  course,  Canadian  IngersoU 
Rand  Co.  Ltd.;  1926-30,  with  Can.  IngersoU  Rand  Co.  Ltd.,  as  follows:  1926-27,  asst., 
pump  dept.,  head  office;  1927-28,  sales  engr.,  Toronto  office;  1928-29,  temp,  mgr.,  pump 
dept.,  head  office;  1929-30,  district  engr.,  Toronto  office  i/c  complaints,  service,  engrg. 
details,  etc.;  1930-31,  asst.  to  gen.  mgr.,  mech'l.  sales,  statistics  and  engrg.  details, 
Dominion  Rubber  Co.  Ltd.,  and  1931-32,  asst.  to  mgr.,  mech'l.  sales,  eastern  divn., 
of  same  company,  correspondence,  quotations,  etc.;  Dec.  1933  to  date,  mech'l.  engr. 
and  surveyor,  Howey  Gold  Mines  Ltd.,  Red  Lake,  Ont.  .Surface  and  underground 
surveying,  mech'l.  dfting.  and  design. 

References:  L.  E.  Schlemm.  F.  P.  Shearwood,  R.  M.  Calvin,  E.  C.  Hague,  J.  G. 
Xotman,  A.  .S.  Rutherford,  E.  Winslow-Spragge. 

KATZ— LEON,  of  28  Pine  St.,  Kingston,  Ont.,  Born  at  Tristin,  Ukrania,  .4ug. 
9th,  1910;  Educ,  B.Sc,  Queen's  Univ.,  1934;  Summers  1926  and  1928,  with  Jame.s 
Morrison  Brass  Co.  and  Acme  .Screw  and  Gear  Co.;  1931  and  1932-33,  research  on 
b.atteries,  and  19.34  to  date,  foreman.  Monarch  Battery  Mfg.  Co.  Ltd.,  Kingston, 
(^nt. 

References:  D.  M.  Jemmett,  A.  Jackson,  W.  L.  Malcolm,  L.  T.  Rutledge. 

McGUIRE— JAMES  FRANCIS,  of  3617  St.  Famille  St.,  Montreal,  Que.,  Born 
at  Montreal.  Nov.  23rd,  1908;  Educ,  B.Eng.  (E.E.),  McGill  Univ.,  1934;  Aug.  1934 
to  date,  ap'tice.,  Moi!treal  Armature  Works,  Montreal,  Que. 

References:  E.  .\.  Rvan,  R.  DcL.  French,  C.  V.  Christie,  C.  M.  McKergow,  F.  M. 
Wood. 

REID— CIIARLE.S  ROY,  of  2070  Peel  St.,  Montreal,  Que  ,  Born  .at  Marion, 
Oregon,  Dec  14th,  1879;  Educ,  B.S.  in  E.E.,  1906,  M.E.E  ,  1912,  Univ.  of  Oregon. 
.M.M.E.  in  E.E.,  Cornell  Univ.,  1916;  1900-02,  oleetrn.  and  operator,  Portland  General 
Klectric  Co.,  Portland,  Ore.;  1906-15,  instructor  and  professor  in  electr'l  engrg  , 
University  of  Oregon;  1916  to  date,  with  the  Siiawinigan  Water  and  Power  Company, 
.Montreal,  as  follows:  1916-18,  elect'l.  engr.,  operating  dept.;  191.8-30,  power  house 
siipt.;  1930  to  date,  asst.  gen.  supt. 

References:  J.  Morse,  E.  Brown,  C.  V.  Christie.  P.  S.  CIregory,  J.  A.  McCrorv, 
G.  R.  Hale,  W.  R.  Wav.  H.  S.  Van  Patter. 

STUART— THOM.'VS  CHARLES,  of  Montreal,  Que,  Born  at  Napier,  New 
Zealand,  March  29th,  1906;  Educ,  1923-28  (winters!,  Gla.sgow  University  (took 
B.Sc.  course  in  mech.  engre.,  but  did  not  graduate).  1923-28  (summers),  ap'ticeship. 
served  in  mech.  engrg.  witli  Scotts  .Shipbuilding  and  Engrg.  VVorks,  Greenock,  Scot- 
land; 1928,  shop  and  drawing  office  work  with  Canadian  IngersoU  Rand  Co.;  1928  to 
(late,  with  Dominion  Welding  Engineering  Co.  Ltd  ,  Montreal,  responsible  for  design 
and  execution  of  welding  work. 

References:  J.  H.  Wallis,  H.  M  Lyster,  H.  G.  Welsford,  I<".  C.  Mechin,  A.  D. 
Uoss,  E.  B.  Jubien,  R.  S.  Eadie. 

WEB.STER— FREDERICK  HENRY  THOMAS,  of  2278  Oxford  Ave.,  Mont- 
real. Que.,  Born  in  Gloucestershire,  England,  Jan.  4th,  1893;  Educ,  I.C.S.  Loco- 
motive Engrg.  Grad.  of  Shaw  Schools  Ltd.,  Stationary  Engrg.  1st  Class  Quebec 
Cert.;  1906-10.  ap'ticeship.  to  fitter  and  machinist;  1910-12,  ap'ticeship.  to  boiler- 
maker;  1912-17,  locomotive  fireman  and  engineman,  C.P.R.,  Toronto;  1917-18,  chief 
engr.,  power  house,  Lambton  round  house;  1918-19,  night  chief  engr.,  Russell  Motor 
Car  Co.,  Toronto;  1919-20,  asst.  mech.  .supt..  Corby  Distillery  Co  Ltd.,  Corbyville, 
Ont.;  1920-21,  asst.  engr.,  Swift  Canadian  Packers,  West  Toronto;  1921-22,  asst. 
engr.,  Cosgraves  Brewery,  Toronto;  1922-23,  .Second  Engr.,  S.S.  Brantford,  .Sowards 
Coal  Co.,  Kingston,  Ont.  (1st  Class  Ontario  Cert.);  1923-24,  chief  engr.,  Mandle  Bros, 
warehouse,  Chicago;  1924-26,  machmist  and  fitter,  Lightmore  Colliery,  Gloucester, 
Kngland;  1926-29,  engr.  on  deep  sea  ships,  various  companies;  1929-30,  asst.  engr., 
Itobert  .Simpson  Co.,  and  acting  chief  engr.  during  constrn.  of  new  Star  Office,  Mont- 
real; 1930-32,  chief  engr.,  Beaconsfield  Golf  Club,  under  constrn.  and  operation;  1932. 
ihief  engr..  Hart  Battery  Co  ,  St.  Johns,  (iuc;  1932  to  date,  chief  engr..  Homeopathic 
Hospital  of  Montreal. 

References:  D.  V.  Grahame,  E.  A.  Ryan,  F.  A.  Combe. 

FOR   IRANSFER  FROM  THE  CLASS  OF  ASSOGIATK  MEMBER  TO  THAT 
OF  MEMBER 

G.\UTHIER— PAUL  GILLES,  of  660  de  L'Epee  .Ave,  Outremont,  Que..  Born 
at  .Montreal,  Que.,  March  31st,  1900;  Educ,  B.Sc.  (C.E.),  McGill  Univ..  1921;  License 
to  practise  (by  exam.)  Corpn.  of  Quebec  l..and  Surveyors;  Sunnners:  1918-19,  rodman, 
tjucbec  Streams  Conunn.;  1920,  instr'man.,  Riordon  Company;  1921-22,  engr.  on 
location.  Ministry  of  Colonization,  Quebec  Govt  :  Winter  1921-22  and  Fall  1922, 
instructor  in  descriptive  geometry,  etc,  engrg.  faculty,  McGill  Univ.;  1923-25,  charge 
of  field  party  doing  layout  work  and  inspection  and  installn.  of  constrn.  plant,  etc., 
at  Isle  Maligne  development,  for  Duke-Price  Power  Co.;  1925  (June-Oot.),  charge  of 
50-man  party  making  topography  survey  (10  sq.  miles)  for  use  in  locating  site  for 
aluminum  plant  and  for  town  plan  of  proposed  city  of  .\rvida:  1925-26,  in  charge  of 
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field  engrg.  for  constrn.,  of  roads,  water  lines,  sev.ers,  etc.,  for  city  of  Arvida,  for 
Aluminum  Company  of  Canada;  1926-27,  charge  of  location  of  35-niile  110-k.v.a. 
transmission  line,  for  Duke-Price  Power  Company;  1927-28,  charge  of  field  engrg. 
for  installn.  of  constrn.  plant  and  excavation  of  bypass  channel  for  hydro-electric 
development  at  Chute  a  Caron,  for  Alcoa  Power  Company;  1928-30,  cost  engr.  on  same 
development  for  same  company;  1930-34,  res.  engr.  Section  4,  Beauharnois  power 
development;  1934  (Jan.-Feb),  private  practice  as  Q.L.S.,  making  legal  boundary 
survey  of  estate  having  10  miles  of  boundary;  1934  (Feb.-May),  private  research  on 
special  type  of  floor  surfacing  material  for  use  in  factory  and  office  floors;  1934  (May- 
June),  re-establishing  gauges  in  Beauharnois  section  of  St.  Lawrence  River  and  tying 
these  with  Geodetic  datum  for  Beauharnois  L.H.  &  P.  Co.;  1934  (June-Dec),  in 
charge  of  location  and  final  staking  of  new  75-mile  highway  from  Rouyn  to  Senne- 
terre,  for  Dept.  of  Mines,  Quebec  Govt.;  at  present,  private  practice  as  Civil  Engineer 
and  Quebec  Land  Surveyor.     (St.  1919,  Jr.  19£2.  A.M.  1928.) 

References:  F.  H.  Cothran,  R.  DeL.  French,  J.  A.  Knight,  O.  O.  Lefebvre,  D.  F. 
Noyes,  M.  V.  Sauer,  H.  R.  Wake,  R.  White. 

TOOKER— GUY  LANGRISHE,  of  1272  Connaught  Drive,  Vancouver,  B.C., 
Born  at  Tenby,  South  Wales,  Sept.  18th,  1884;  Educ,  1899-1902,  Prince  of  Wales 
College,  Charlottetown,  P.E.L;  1902-04,  ap'tice.,  Locomotive  and  Machine  Co., 
Montreal;  1904-08,  rodman,  topogr.,  leveler,  transitman,  T.C.  Rly.,  Quebec;  1908- 
10,  transitman,  G.T.P.  Rly.,  Prince  Rupert,  B.C.;  1910-11,  with  Ritchie  Agnew  & 
Co.,  as  asst.  engr.  on  surveys  aud  constrn.  of  water  and  sewerage  systems  for  City 
of  Prince  Rupert;  1911-12,  in  charge  of  parties  making  surveys  for  the  proposed 
future  water  supply  and  hydro-electric  development  for  the  same  city;  1912-13,  with 
Prince  Rupert  Hydro-Electric  Co.,  asst.  engr.  i/c  parties  making  complete  topog'l. 
drainage  area  and  trans,  line  surveys  for  proposed  developments;  1913  (Mar.-Aug), 
asst.  engr.  i/c  constrn.  of  rock  filled  crib  dam  across  Falls  River;  1913-15,  asst.  surveyor 
on  land  tie  and  right  of  wav  surveys,  G.T.P.  Rly.;  191.5-19,  overseas,  C.E.F.;  1919-20 
and  1922  (May-Nov.),  leveler  and  dftsman.,  C.N.R.;  1922-24  and  May  1925  to  Feb. 
1926,  with  Noel  Humphreys  &  Co.,  Civil  Engrs.  and  Surveyors,  instr'man.  and  asst. 
on  various  surveys;  Oct.  1924  to  May  1925  and  1926  (Mar-June),  asst.  surveyor, 
C.N.R.,  right  of  way  dept.,  main  line  and  Vancouver  Is.  branch  lines;  1926-29, 
instr'man.,  engrg.  dept.,  1929-33.  asst.  engr.,  roads  dept.,  i/c  of  design  and  constrn. 
of  Macadamized  roads  throughout  the  Greater  Vancouver  District,  and  1933  to  date 
(due  to  reduction  of  staff),  instr'man..  City  of  Vancouver,  B.C.  (St.  1904,  J^-  1913, 
A.M.  1930.) 

References:  D.  O.  Lewis,  W.  B.  Greig,  W.  P.  Wilgar,  R.  Rome,  E.  C.  Thrupp. 

FOR  TRANSFER  FROM  THE  CLASS  OF  JUNIOR 

BENJAMIN— ABRAHAM,  of  1080  Lajoie  Ave..  Outremont,  Que.,  Born  at 
Glace  Bay,  N.S.,  Dec.  23rd,  1900;  Educ,  B.Sc,  McGill  Univ.,  1924;  1925-29  ,  with 
Electrical  Commn.  of  the  City  of  Montreal,  in  charge  of  expropriation  and  contract 
payments;  1929  to  date,  electric  substation  designer,  Montreal  Light,  Heat  and  Power 
Cons.,  Montreal.     (St.  1921,  Jr.  1928.) 

References:  G.  E.  Templeman,  G.  C.  Reid,  H.  Milliken,  R.  M.  Walker,  C.  V. 
Christie,  G.  A.  Wallace. 

BOWN— CHARLES  ROY,  of  5404  Clanranald  Ave.,  Montreal,  Que.,  Born  at 
Sydney,  N.S.,  Dec.  10th,  1900;  1918-19,  and  summers  1920-22,  helper  in  foundry, 
machine  shop,  etc.,  and  tracer  in  drawing  office,  Dom.  Iron  and  Steel  Co.,  Sydney, 
N.S.;  1923-24,  dftsman..  Can.  Mead  Morrison  Co.,  Welland,  Ont.;  1924-26,  mechanic's 
helper  on  constrn.  of  power  stations  for  Stone  &  Webster  Inc.;  1926-32,  mech'l.  inspec- 
tor for  same  company  on  erection  of  mech'l.  equipment  in  various  power  houses  and 
industrial  plants;  1932  to  date,  asst.  chief  engr.,  Canada  and  Dominion  Sugar  Co.  Ltd., 
Montreal,  Que.     (St.  1921,  Jr.  1925.) 

References:  K.  G.  Cameron,  C.  M.  McKergow,  A.  W.  McMaster,  H.  M.  Black, 
R.  A.  Gurnham,  D.  A.  Killam,  E.  B,  Jubien. 

HARRIS— ARTHUR  CLIFFORD,  of  256  Almon  St.,  Halifax,  N.S.,  Born  at 
Halifax,  Dec.  7th,  1900;  Educ,  B.Sc.  (C.E.),  N.S.  Tech.  Coll  ,  1927;  192.5-26  (summers), 
with  the  City  of  Halifax;  1927,  Dom.  Bridge  Co.  Ltd.;  1928,  N.S.  Steel  and  Eastern 
Car  Works;  1928  to  date,  asst.  engr  ,  City  of  Halifax,  N.S.     (St.  1927.  Jr.  1928.) 

References:  F.  R.  Faulkner,  W.  J.  DeWolfe,  H.  W.  L.  Doane,  W.  P.  Copp,  R.  M. 
McKinnon. 

HOLDEN— JOHN  HASTIE,  of  Westmount,  Que.,  Born  at  Westmount,  Mav 
20th,  1902;  Educ,  B.Sc,  McGill  Univ.,  1923;  1922  (summer),  dftsman.,  Shaw.  Engrg. 
Co.;  1923-24,  asst.  to  plant  engr..  Northern  Electric  Co.  Ltd.;  1924-31,  asst.  to  head 
estimator  and  chief  dftsman.,  and  1931  to  date,  sales  manager,  in  charge  of  sales  and 
statistics,  giving  technical  information  regarding  products,  Geo.  W.  Reed  &  Co.  Ltd., 
Montreal,  Que.     (St.  1921,  Jr.  1930.) 

References:  B.  R.  Perry,  W.  G.  Hunt,  J.  F.  Plow,  A.  S.  Rutherford,  A.  T.  Bone. 

McBRIDE— ERNEST  WILLARD,  of  86  High  Park  Ave.,  Toronto,  Ont.,  Born 
at  Churchville,  Ont.,  July  24th,  1901;  Educ,  B.A.Sc,  Univ.  of  Toronto,  1923;  .Summer 
work:  (1)  Willis  Overland  Electric  shop;  (2)  Hollinger  Gold  Mines;  (3)  Bakelite 
Corpn.;  1923  (6  mos),  research  work,  Canada  Paper  Co.,  Windsor  Mills,  Que.;  1923 
<3  mos.),  research  work,  Univ.  of  Toronto;  1924-30,  Abitibi  Power  and  Paper  Co  . 
Iroquois  Falls,  1  year,  engr.  on  statistics,  2  years,  asst.  to  control  engr.,  3  years,  in 
charge  of  control  dept.;  1930  to  date,  technical  engr.  with  same  company  at  Toronto, 
Ont.      (St.  1920,  Jr.  1928.) 

References:  F.  L.  Mitchell,  T.  R.  Loudon,  A.  M.  Reid,  J.  W.  Dyer,  E.  L.  Goodajl. 
H.  O.  Brown,  G.  W.  Holder. 

PINEAU— MAURICE,  of  1377  Fleury  St.,  Montreal,  Que.,  Born  at  Mussidan, 
France,  March  6th,  1902;  Educ,  1924-27,  Montreal  Technical  School.  Passed 
Institute's  exams,  under  Schedule  "B"  for  admission  as  Junior  Nov.  1932;  1927-29, 
heating  and  engrg.  depts..  Crane  Limited,  Montreal.  In  charge  of  design  of  heating 
systems  of  all  descriptions.  Design  of  boiler  plants.  Research  work  in  design  and 
testing  of  boilers  and  radiators.  High  and  low  pressure  piping  layouts;  1929-32. 
with  McDougall  &  Friedman,  Consltg.  Engrs.,  Montreal.  Design"  and  layout  of 
boiler  plants.  High  and  low  pressure  piping  layouts.  Ventilating,  air  conditioning 
and  plumbing  systems  for  large  public  bldgs.,  hospitals,  etc.  Specifications,  estimates, 
supervision  and  inspection  during  constrn.;  1932-34,  doing  similar  work  to  above  for 
McDougall  &  Friedman,  Raoul  Lacroix,  Architect,  and  L.  A.  St.  Pierre,  Consltg. 
Engr.;  1934  (June-Nov.),  with  Canada  Paper  Co.,  Windsor  Mills,  Que.,  in  charge  of 
design  and  erection  of  a  3,400-ft.  outside  h.p.  steam  line;  Jan.  1935  to  date,  heating 
and  engrg.  depts.,  Crane,  Limited,  Montreal.  In  charge  of  engrg.  pertaining  to  the 
heating  dept.     Design  of  pipe  bends  and  fabrication  in  the  engrg.  dept.     (Jr.  1932.) 

References:  V,.  K.  McDougall,  T.  E.  MoGrail,  C.  P.  Creighton,  F.  J.  Friedman, 
J.  D.  Fry,  J.  A.  Kearns,  H.  L.  Johnston. 

SEVIGNY— JOSEPH  ALFRED,  of  733  St.  Cecile  St.,  Three  Rivers,  Que.,  Born 
at  St.  Angele  de  Laval,  Que.,  Feb.  13th,  1902;  Educ,  1918-22,  Grad.,  De  La  Salle 
Academy,  Three  Rivers;  Passed  E.I.C.  Exams,  under  Schedule  "B"  for  admission  to 
class  of  Junior,  1933;  With  the  >St.  Lawrence  Paper  Mills  Co.  Ltd.,  Three  Rivers,  as 
follows:  192.3-25,  steam  clerk;  1925-26,  dftsman  ;  1927-28,  in  charge  of  control  work, 
control  dept.;  1928-32,  chief  dftsman.,  and  1932  to  date,  chief  dftsman.  and  asst.  to 
plant  engr.     (.S(.  1925,  Jr.  1933.) 

References— F.  O.  White,  R.  L.  Weldon,  B.  Grandmont,  K.  S  LeBaron,  J.'F 
Wickendcn. 

WILSON— ARCHDALE  McDONALD,  of  223  Pilgrim  St.,  Sault  Ste.  Marie, 
Ont.,  Born  at  Hamilton,  Ont.,  Oct.  7th,  1899;  Educ,  B.Sc,  Queen's  Univ.,  1928;  1918- 
20  and  summers  1022-27,  chainman,  rodman  and  instr'man.,  T.H,  ct  B.  Ry.,  Hamilton, 


Ont.;  1928  to  date,  asst.  engr.,  Algoma  Central  and  Hudson  Bay  Rly.,  Sault  Ste.  Marie, 
Ont.     (Jr.  1929.) 

References:  R.  S.  McCormick,  A.  E.  Pickering,  E.  M.  MacQuarrie,  H.  B.  Stuart, 
R.  L.  Latham. 

FOR  TRANSFER  FROM  THE  CLASS  OF  STUDENT 

BARBOUR— CLARENCE  ALLEN,  of  Saint  John,  N.B.,  Born  at  Saint  John, 
Feb.  14th,  1906;  Educ,  B.Sc.  (E.E.),  Univ.  of  N.B,.  1931;  Summers:  1929-30,  N.B. 
Telephone  Co.  Ltd.,  1931,  Saint  John  Harbour  Commission;  1931-.32,  asst.  engr.. 
Canadian  Comstock  Co.,  and  journeyman  electrn..  Sterling  Electric  Co.  Ltd.;  19.32 
to  date,  proprietor.  Maritime  Radio  and  Electrical  Supplies,  Saint  John,  N.B. 
(St.  1930.) 

References:  W.  J.  .Johnston,  A.  Gray,  A.  F.  Baird,  A.  A.  Turnbull,  J.  .Stephens. 

BENNETT— ARTHUR  J.,  of  Montreal,  Que.,  Born  at  River  Desert,  Que., 
.\pril  23rd,  1904;  Educ,  B.Sc.  (E.E.),  McGill  Univ.,  1927;  Summers:  1924,  rodman  on 
survey,  Dept.  Nat.  Defence;  1925-26,  instr'man  ,  Beatty  &  Beatty;  1927-28,  layout 
and  survey  of  toll  lines,  Quebec  Divn.,  outside  plant.  Bell  Telephone  Co.  of  Canada; 
1929  to  date,  sales  engr  ,  English  Electric  Co.  of  Canada  Ltd.,  Montreal,  Que. 
(.S(.  1925.) 

References:  G.  Kearney,  C.  V.  Christie,  A.  D.  Ross,  H.  M.  Black,  R.  DeL.  French, 
K.  O.  Whyte,  R.  H.  Balfour. 

CUNNINGHAM— GEORGE  ALLIN,  of  331  Reid  St.,  Peterborough,  Ont., 
Born  at  Peterborough,  May  1st,  1908;  Educ,  B.A.Sc,  ITniv.  of  Toronto,  1929;  Sum- 
mers: 1926,  machine  shop,  Wm.  Hamilton  Ltd.;  1927,  bldg.  constrn.,  A.  B.  Cunning- 
ham, contractor;  1928,  asst.  to  mgr.,  Peterborough  Public  Utilities;  1929-31,  asst. 
chief  engr.,  Riley  Engineering  and  Supply  Co.  Ltd.,  Toronto,  also  in  charge  of  design 
and  production  of  materials  handling  divn.;  1932  to  date,  district  representative. 
Imperial  Oil  Ltd.,  selection  and  specification  of  lubricants  and  fuels  for  internal  com- 
bustion engines,  installn.  and  operation  of  combustion  systems,  recommendation  of 
industrial  lubricants,  and  management  of  operating  personnel.     (St.  1927.) 

References:  R.  L.  Dobbin,  E.  A.  Allcut,  A.  B.  Gates,  R.  H.  Parsons,  V.  S.  Foster. 

DOBRIDGE— RONALD  WEMYSS,  of  41  Dobie  Ave.,  Town  of  Mount  Royal, 
Que,  Born  at  St.  Kitts,  B.W.I. ,  Sept.  2fith,  1905;  Educ,  B.Sc,  1928,  M.Sc.  (Physics), 
1929,  McGill  Univ.;  1926  (summer),  rodman,  C.P.R..  Ottawa;  1928  (summer),  engr.. 
Northern  Electric  Co.,  Montreal;  1929-33,  engr.,  Bell  Telephone  Co.  of  Canada, 
Montreal;  Oct.  19.34  to  date,  transformer  engr.,  Canadian  Marconi  Company,  Mont- 
real.     (St.  1928.) 

References:  J.  H.  Thompson,  W.  H.  Moore,  E.  W.  Farmer,  J.  L.  Clarke. 

HAMILTON— ROBERT  WILLIAM,  of  113  Brock  Ave.  South,  Montreal  West, 
Que.,  Born  at  Montreal,  November  16th,  1907;  Educ,  B.Sc.  (E.E.),  McGill  Univ., 
1929;  1926  (summer),  sketching  and  checking  constrn.  of  paper  mill  foundations, 
Fraser  Brace  Engrg.  Co.;  With  the  Dominion  Electric  Protection  Company  as  follows: 
1927  (summer),  installing  signal  systems;  1928  (summer),  installing  switchboards, 
generators  in  central  station  at  Montreal;  1929-30,  junior  engr  in  charge  of  develop- 
ment of  new  apparatus;  1930  to  date,  electrical  engr.  Full  charge  of  engrg.  dept. 
located  at  Montreal  which  serves  central  stations  at  Winnipeg,  London,  Hamilton, 
Toronto,  Ottawa,  Montreal  and  Quebec,  and  factory  at  Montreal.     (St.  1925.) 

References:  D.  C.  Tennant,  C.  V.  Christie,  R.  E.  Jamieson,  C.  B.  Brown,  G.  E. 
Templeman. 

HART— WILLL\M  O.,  of  431  Simcoe  St.  South,  Oshawa,  Ont.,  Born  at  Bowman- 
ville,  Ont.,  June  24th,  1906;  Educ,  B.Sc,  Queen's  Univ.,  1929;  1925  (June-Aug). 
pipe  fitting  for  H.E.P.C  at  Hydro,  Ont.;  With  the  General  Motors  Company  of 
Canada,  Oshawa,  Ont.,  as  follows:  1928  (May-Aug),  reject  dept.  mechanic;  1929-30. 
salvage  dept.;  1930-33,  technical  clerk,  body  plant  office,  in  charge  of  engrg.  and 
production  records  in  body  plant  and  inspection  office;  Sept.  1933  to  Mar.  1935, 
inspection  supervisor  of  body  shop,  mill  rooms  and  garnish  moulding  inspection; 
at  present,  advertising  and  sales  mgr.,  Oshawa  Dairy  Ltd.,  Oshawa,  Ont.     (St.  1928.) 

References:  F.  Chappell,  D.  M.  Jemmett,  A.  Maephail,  L.  T.  Rutledge,  D.  S. 
Ellis. 

HUTTON— JOHN  R.,  of  123  Bold  St.,  Hamilton,  Ont.,  Born  at  Halifax,  N.S., 
June  2nd,  1905;  Educ,  B.Sc.  (E.E.),  N.S.  Tech.  Coll.,  1927;  With  Canadian  Westing- 
house  Co.  Ltd.,  as  follows;  1927-29,  student  apprentice;  1929-32,  illumination  divn.; 
1932-35.  correspondence  and  sales,  and  at  present  engr.,  lamp  dept.     (.S*.  1925.) 

References:  F.  R.  Faulkner,  D.  W.  Callander,  W.  F.  McLaren,  J.  R.  Dunbar, 
H.  U.  Hart,  G.  W.  Arnold. 

LOCHHEAD— KENNETH  YOUNG,  of  Winnipeg,  Man.,  Born  at  Lachine,  Que. 
Sept.  26th,  1907;  Educ,  B.Eng.  (C.E.),  McGill  Univ.,  1932;  1930  (summer),  student 
engr.,  Montreal  Harbour  Commn.;  1931  (summer),  student  engr.,  Dominion  Bridge 
Company;  1932-33,  demonstrator,  mech'l.  engrg.  laboratory,  McGil)  University;  at 
present,  asst.  to  supt.  of  bldgs.,  Hudson's  Bay  Company,  Winnipeg,  Man.     (St.  1931 .) 

References:  H.  M.  White,  G.  J.  Dodd,  C.  M.  McKergow,  E.  Brown. 

MacGREGOR— JAMES  GRIERSON,  of  Vegreville,  Alta.,  Born  at  Dornoch. 
Scotland,  June  2nd,  1905;  Educ,  B.A.,  B.Sc,  Univ.  of  Alta.,  1929;  1928,  smoke  testing, 
etc..  Cons.  Mining  and  Smelting  Co.,  Trail,  B.C.;  1929,  meter  testing,  line  constrn., 
1929-31,  office  work  in  all  branches  of  electric  utility,  including  rates,  valuation, 
constrn.,  and  from  1931  to  date,  district  supt.,  Lloydminster-Vegreville  district. 
Canadian  Utilities  Limited  (Two  diesel  generating  plants,  155  miles  transmission 
line  serving  14  towns  and  villages.  In  charge  of  operation,  mtce.,  new  constrn.,  rates, 
collections  and  merchandise.)      (St.  1929.) 

References:  E.  W.  Bowness,  R.  S.  Trowsdale,  C.  A.  Robb,  H.  J.  MacLeod,  R.  S.  L. 
Wilson. 

M0LL.\RD— JOHN  ELLIS,  of  Tisdale,  Sask.,  Born  at  Grand  Bend,  Ont.,  Sept. 
1st,  1903;  Educ,  B.Sc  (M.E.),  Univ.  of  Sask.,  1931;  With  the  Dominion  Electric 
Power  as  follows:  Jan.  1926  to  Oct.  1927.  plant  operator.  Biggar,  .Sask.;  Oct.  1927  to 
July  1928,  plant  mgr.,  Gravelbourg,  .Sask.:  1928  (July-Oct),  1929  (May-Oct.),  and 
19.30  (May-Oct),  line  foreman  at  Shaunavon  and  Estevan;  With  the  Saskatchewan 
Power  Commission  as  follows:  1931  (June-Sept),  constrn.  dept.,  Regina;  Oct.  1931 
to  Jan.  19.32,  operator,  operating  dept.,  Humboldt,  Sask.;  Feb.  19-32  to  date,  supt.. 
Tisdale,  and  at  present,  district  supt.  (Diesel  electric  plant,  distribution  systems,  and 
13  k.v.  transmission  line).     (SI.  1931.) 

References:  C.  J.  Mackenzie,  L.  A.  Thornton,  R.  W.  Jickling,  I.  M.  Fraser, 
W.  E.  Lovell. 

McINTYRE— DOUGLAS  VALLANCE,  of  Rouyn,  Que.,  Born  at  High  River, 
Alta.,  April  28th,  1903;  Educ,  B.Sc  (E.E.),  Univ.  of  Alta.,  1931;  1928,  constrn. 
survey,  E.D.  and  B  C.  Rly.;  1931-32,  electrn.  (constrn.),  Gen.  Elec  Company;  1933, 
track  relay,  C.N.R.;  at  present,  electrn.,  McWalters  Gold  Mines,  Ltd.,  Rouyn,  Que. 
(.S(.  1930.)  „      , 

References:  H.  J.  MacLeod,  W.  E.  Cornish,  H.  R.  Webb,  P.  F.  Poole. 

RYDER— FREDERICK  JAMES,  of  1430  Giles  Blvd.  East,  Windsor,  Out  , 
Born  at  Holyoke.  Mass..  June  28th.  1907;  Educ,  B.Sc  (C.E.),  McGill  Univ.,  1929; 
Summers:  1926-27,  rodman  and  chainman,  C.N.R.;  1928,  instr'man.,  Laurentidc 
Pulp  and  Paper  Co.,  Grand'Mere,  Que.;  1929-32,  dftsman.,  Canadian  Bridge  Co.. 
Walkerville,  Ont.;  1932  to  date,  with  Motor  Products  Corpn.  Ltd.,  Walkerville,  Ont  , 
material  dept.  and  gen.  office  work.     (St.  1928.)  ,       „   ,  t^    ^ 

References:  E.  M.  Krebser,  H  J.  A.  Chambers,  R.  C.  Leslie,  F.  Stevens,  D.  1. 
Alox.ander,  .V.  E.  West. 
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EMPLOYMENT  SERVICE   BUREAU 

The  Service  is  operated  for  the  benefit  of  members  of  The  Engineering  Institute  of  Canada, 

and  for  industrial  and  other  organizations  employing  technically  trained  men — 

without  charge  to  either  party. 

All  correspondence  should  be  addressed  In 

The  Employment  Service  Bureau,  The  Engineering  Institute  of  Canada 

2050  Mansfield  Street,  Montreal 


Situations  Wanted 

ESTABLISHED  SALES  ENGINEER,  Univ.  of  Toronto 
'24,  with  plant  and  manufacturing  experience,  wishes  to 
represent  manufacturers  of  technical  equipment.  Con- 
nections with  automobile  and  electrical  equipment 
dealers,  throughout  Canada.  Will  make  small  invest- 
ment if  necessary.     Apply  to  Box  No.  1-W. 

SALES  ENGINEER,  s.e.i.c;  b.sc.  c.e.,  1930  (Univ. 
New  Bruns.),  p.b.n.b.  Age  28.  Experience  includes 
building  inspection,  structural  detailing,  road  construc- 
tion, and  chemical  operation.  Interested  in  sales  work 
on  the  sales  staff  of  some  manufacturing  or  wholesale 
concern.     Apply  to  Box  No.  225-W. 

REINFORCED  CONCRETE  ENGINEER,  b.sc,  p.e.q., 
eight  years  experience  in  construction  design  of  industrial 
buildings,  office  buildings,  apartment  houses,  etc.  Age 
30.     Married.     Apply  to  Box  No.  257-W. 

DESIGNING  DRAUGHTSMAN,  experience  in  layout 
of  steam  power  house  equipment  and  piping.  Wide 
experience  in  mechanical  drive  and  details  of  machinery, 
gearing,  and  hoists.  Accustomed  to  layout  of  small  mill 
buildings  of  steel  and  timber,  structural  design  and 
details.  Good  references.  Present  location  Montreal. 
Apply  to  Box  No.  329-W. 

ENGINEER  AND  ACCOUNTANT,  jr.E.i.c.  (Capt. 
Can.  Engra.,  reserve).  Age  35,  Canadian.  Experienced 
in  mechanical  and  civil  engineering,  Diploma;  general 
office,  draughting  and  instrument  work;  assistant  engineer 
erection  Royal  York  hotel;  assistant  resident  engineer 
T.  &  N.O.  Ry.  const.  Desires  position  in  Toronto 
where  combination  of  technical  and  business  experience 
will  be  of  value,  as  have  been  director  and  accountant 
last  three  years.     Apply  to  Box  No.  377-W. 

CIVIL  ENGINEER,  b.a.sc.  and  c.e.;  a.m.e.i.c,  a.m. 
A.8.C.E.,  age  32,  married.  Experience  over  twelve  years 
as  assistant  and  resident  engineer  on  the  construction  of 
hydro-electric,  railway,  and  aerodrome  works.  Also 
office  and  teaching  work  on  hydraulic  designs  and 
investigations,  reinforced  concrete,  bridge  foundations 
and  caissons.  Location  immaterial.  Available  at  once. 
Apply  to  Box  No.  447-W. 

SALES  ENGINEER,  m.  a.sc.  Univ.  of  Toronto,  wishes  to 
represent  firm  selling  building  products  or  other  engineer- 
ing commodities,  as  their  representative  in  Western 
Canada.  Located  in  Winnipeg.  Apply  to  Box  No. 
467-W. 

MECHANICAL  ENGINEER,  d.sc.  Age  31.  Married. 
Last  ten  years  includes: — Mechanical  structural  and 
reinforced  concrete  design  in  pulp  and  paper  mills, 
industrial  plants,  hydro-electric,  mine,  sewers  and 
iewage  disposal  plant  construction.  My  experience  also 
includes  shop  production,  steam  plant  combustion,  fuel 
analysing,  inspecting,  supervising  and  instrument  work 
on  industrial  construction.  Permanent  position  pre- 
ferred.    Apply  to  Box  No.  521-W. 

CONSTRUCTION  ENGINEER,  age  26,  unmarried, 
graduate  C.E.  Experience  includes  hydro-electric,  rail- 
road, highway,  and  industrial  plant  construction,  both 
field  and  office,  including  cost  accounting,  estimating, 
stores,  layout,  general  engineering  and  supervision,  as 
well  as  practical  work  in  mechanical  trades.  Apply  to 
Box  No.  567-W. 

DOMINION  LAND  SURVEYOR,  and  graduate  engineer 
with  extensive  experience  on  legal,  topographic  and 
plane-table  surveys  and  field  and  office  use  of  aero- 
photographs,  desires  employment  either  in  Canada  or 
abroad.    Available  at  once.    Apply  to  Box  No.  689-W. 

DESIGNING  ENGINEER  AND  ESTIMATOR,  grad. 
Univ.  of  Toronto  in  C.E.,  a.m.e.i.c,  twenty  years 
experience  in  structural  steel,  construction  and  munic- 
ipal work.  Available  at  once.  Apply  to  Box  No. 
613-W. 

ELECTRICAL  ENGINEER,  McGill  '31,  desires  per- 
manent position  in  engineering  field.  Experience  in- 
cludes draughting,  designing  and  testing  of  induction 
motors,  radio  supervision  and  test,  and  some  construc- 
tion.   Available  immediately.    Apply  to  Box  No.  626-W. 

CIVIL  ENGINEER,  a.m.e.i.c,  r.p.e.,  Ontario;  three 
years  construction  engineer  on  industrial  plants;  fourteen 
years  in  charge  of  construction  of  hydraulic  power 
developments,  tower  lines,  sub-stations,  etc.;  four 
years  as  executive  in  charge  of  construction  and  develop- 
ment of  harbours,  including  railways,  docks,  warehouses,  . 
hydraulic  dredging,  land  reclamation,  etc.  Apply  to 
Box  No.   647-W. 


Situations  Wanted 

ELECTRICAL  AND  RADIO  ENGINEER,  b.sc  '30. 
Variously  engaged  on  receiver  development  work,  tesl^ 
ing,  and  transformer  development,  under  direction. 
More  recent  experience  includes  transmitter  test  room 
procedure  and  short  wave  beam  transmission  engineer- 
ing.   For  further  information  apply  to  Box  No.  680-W. 


MECHANICAL  AND  STRUCTURAL  ENGINEER. 
Six  years  experience  with  prominent  manufacturer, 
designing,  heating  and  power  boilers,  boiler  installations, 
coal  and  ash  handling  equipment.  Good  practical  knowl- 
edge of  steel  plate  work  welding.  Also  wide  experience 
in  designing,  estimating  and  detailing  structural  steel 
for  buildings  and  bridges.  Good  education.  Have  held 
position  of  responsibility.  Above  can  be  verified  by 
best  of  references.  Available  at  once.  Apply  to  Box 
No.  692-W. 


ELECTRICAL  AND  CIVIL  ENGINEER,  b.sc,  Elec, 
'29,  B.sc,  Civil  '33.  Age  27.  jr.E.i.c.  Undergraduate 
experience  in  surveying  and  concrete  foundations;  also 
four  months  with  Canadian  General  Electric  Co.  Thirty- 
three  months  in  engineering  office  of  a  large  electrical 
manufacturing  company  since  graduation.  Good 
experience  in  layouts,  switching  diagrams,  specifica- 
tions and  pricing.  Best  of  references.  Available  im- 
mediately.   Apply  to  Box  No.  693- W. 


Employment  Service  Bureau 

This  bureau  is  maintained  by  The  Engineering 
Institute  of  Canada  for  the  benefit  of  members 
and  organizations  employing  technically  trained 
men. 

An  enquiry  addressed  to  2050  Mansfield  Street. 
Montreal,  will  bring  full  information  concerning 
the  services  offered.  Details  can  also  be  obtaired 
from  Branch  secretaries  who  are  located  in  the 
larger    centres    throughout    Canada. 

Brief  announcements  of  men  available  and  po- 
sitions vacant  will  be  published  without  charge 
in  The  Engineering  Journal  and  the  Bulletin. 
Replies  addressed  in  care  of  the  required  box  num- 
ber will  be  forwarded  to  the  advertiser  without 
delay. 

An  additional  service  also  offered  those  who  are 
unemployed  or  wish  to  change  their  positions,  is 
the  opportunity  of  placing  their  names  and  records 
on  file  at  2050  Mansfield  Street  for  consideration 
by  employers  wishing  to  employ  engineers.  This 
is  of  great  assistance  as  many  employers  will  not 
advertise  or  wish  to  locate  a  suitable  man  on  short 
notice.  If  desired  the  information  contained  in 
these  records  can  be  kept  confidential. 

Forms  for  registration  purposes  may  be  obtained 
from  The  Institute  Headquarters  or  Branch  sec- 
retaries. 


MECHANICAL  ENGINEER,  b.sc,  '27,  jr.E.i.c.  Four 
years  maintenance  of  high  speed  Diesel  engine  units, 
200  to  1,300  h.p.  Also  maintenance  of  d.o.  and  a.c. 
electrical  systems  and  machinery.  Draughting  expe- 
rience. Westinghouse  apprenticeship  course.  Practical 
mechanical  and  electrical  engineer  with  a  special  study 
of  high  speed  Diesel  engine  design,  application  and 
operation.  Location  in  western  or  eastern  Canada 
immaterial.    Apply  to  Box  No.  703-W. 

COMBUSTION  ENGINEER,  b.p.e.,  Manitoba,  a.m.e.i.c. 
Wide  experience  with  all  classes  of  fuels.  Expert  de- 
signer and  draughtsman  on  modern  steam  power  plants. 
Experienced  in  publicity  work.  Well  known  throughout 
the  west.  Location,  Winnipeg  or  the  west.  Available 
at  once.    Apply  to  Box  No.  713-W. 

ELECTRICAL  ENGINEER,  B.sc,  University  of  N.B., 
'31.  Experience  includes  three  months  field  work  with 
Saint  John  Harbour  Reconstruction.  Apply  to  Box  No. 
722-W. 

CIVIL  ENGINEER,  b.mc.  (Alta.  '31),  s.e.i.c.  Experience 
includes  three  seasons  in  charge  of  survey  party.  Tran- 
sitman  on  railway  maintenance,  and  concrete  bridge 
designing.  Nature  of  work  and  location  immaterial. 
.\pply  to  Box  No   724-W. 


Situations  Wanted 

YOUNG  CIVIL  ENGINEER,  b.sc.  (Univ.  of  N.B.  '31). 
with  experience  as  rodman  and  checker  on  railroad 
construction,  is  open  for  a  position.  Apply  to  Box  No. 
728-W. 

MECHANICAL  ENGINEER,  s.e.i.c,  b.a.sc,  Univ. 
of  B.C.  '30.  Single,  age  24.  Sixteen  months  with  the 
Allis-Chalmers  Mfg.  Co.  as  student  engineer.  Ex- 
perience includes  foundry  production,  erection  and 
operation  of  steam  turbines,  erection  of  hydraulic  ma- 
chinery, and  testing  texropes  and  centrifugal  pumps. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  735-W. 

RADIO  AND  ELECTRICAL  ENGINEER,  B.sc.  '31, 
S.E.I.C.  Age  27.  Experience  in  installation  of  power 
and  lighting  equipment.  Temporary  operator  in  radio 
station;  studio  experience  with  part  time  announcing. 
Two  summers  in  switchboard  and  installation  depart- 
ment of  telephone  company,  eight  months  on  extensive 
survey  layouts.  Interested  in  sales  work  of  electrical 
or  radio  equipment.  Available  on  short  notice.  Location 
immaterial.     Apply  to  Box  No.  740-W. 

CIVIL  ENGINEER,  b.sc.  '29,  a.m.e.i.c.  Married.  One 
year  building  construction.  One  year  hydro-electric 
construction  in  South  America,  eighteen  months  resident 
engineer  on  highway  construction,  one  year  on  harbour 
design  and  construction.  Working  knowledge  of  Spa.v.ish. 
Apply  to  Box  No.  744-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc.  Queen's  Univ.  '29. 
Age  25.  Married.  Three  years  experience  as  con- 
struction supt.  and  estimator  for  contracting  firm. 
Experience  includes  general  building,  bridges,  sewer 
work,  concrete,  boiler  settings,  sand  blasting  of  bridges 
and  spray  painting.  Available  at  once.  Apply  to  Box 
No.  776-W. 

CIVIL  ENGINEER,  b.sc,  '25,  jr.E.i.c,  p.e..q,  married. 
Desires  position,  preferably  with  construction  firm. 
Experience  includes  railway,  monument  and  mill 
building  construction.  Available  immediately.  Apply 
to  Box  No.  780- W. 

DRAUGHTSMAN,  experience  in  civil  engineering, 
forestry  engineering,  land  surveying  and  house  con- 
struction.   Good  references.    Apply  to  Box  No.  781-W. 

PLANT  ENGINEER  or  SUPERINTENDENT,  capable 
of  supervising  all  phases  of  industrial  plant  operation, 
graduate  electrical,  eleven  years  diversified  industrial 
experience  including  test  course,  four  years  on  large 
Quebec  industrial  development,  on  construction  and 
operation,  also  six  years  with  prominent  consulting  firm 
supervising  electrical  and  mechanical  engineering 
projects.    Age  31,  single.    Apply  to  Box  No.  795-W. 

CIVIL  ENGINEER,  s.e.i.c,  graduate  '30,  age  23,  single. 
Experience  includes  mining  surveys,  assistant  on  high- 
way location  and  construction,  and  assistant  on  large 
construction  work.  Steel  and  concrete  layout  and 
design.     Apply  to  Box  No.  809-W. 

CIVIL  ENGINEER,  b.e.  (Sask.  Univ.  '32),  b.e.i.c 
Single.  Experience  in  city  street  improvement;  sewer 
and  water  extensions.  Good  draughtsman.  References. 
Available  at  once.  Location  immaterial.  Apply  to  Box 
No.  818-W. 

CIVIL  ENGINEER,  b.a.sc,  d.l.s.,  o.l.s.,  a.m.e.i.c, 
age  46,  married.  Twelve  years  experience  in  charge  of 
legal  field  surveys.  Owns  own  surveying  equipment. 
Eight  years  on  technical,  administrative,  and  editorial 
office  work.  Experienced  in  writing.  Desires  position 
on  survey  work,  assisting  in  or  in  charge  of  preparation 
of  house  organ,  on  staff  of  technical  or  semi-technical 
magazine,  or  on  publicity,  editorial  or  administrative 
office  work.  Available  at  once.  Will  consider  any  salary, 
and  any  location.     Apply  to  Box  No.  831-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc  '32  (Univ.  of  N.B.). 
Age  25.  Married.  Two  years  experience  in  power  line 
construction  and  maintenance;  one  year  of  highway 
construction;  one  summer  surveying  for  power  plant 
site,  location  and  spur  railway  line  construction.  Avail- 
able at  once.  Location  immaterial.  Apply  to  Box 
No.  840-W. 

CIVIL  ENGINEER,  b.sc  '15,  a.m.e.i.c,  married,  exten- 
sive experience  in  responsible  position  on  railway  con- 
struction, also  highways,  bridges  and  water  supplies. 
Position  desired  as  engineer  or  superintendent.  Avail- 
able at  once.     Apply  to  Box  No.  841-W. 

STRUCTURAL  ENGINEER,  b.a.sc,  a.m.e.i.c.  Twenty- 
two  years  experience  in  design  of  bridges  and  all  types 
of  buildings  in  structural  steel  and  reinforced  concrete. 
Three  years  experience  in  railway  construction  and 
land  surveying.    Apply  to  Box  No.  856-W. 

MECHANICAL  ENGINEER,  b.sc.  '32,  s.e.i.c  Good 
draughtsman.  Undergraduate  experience: — One  year 
moulding  shop  practice;  two  years  pipe  fitting  and  sheet 
metal  work;  one  year  draughting  and  tracing  on  paper 
mill  layout;  six  months  machine  shop  practice;  and 
eight  months  fuel  investigation  and  power  heating 
plant  testing.  Desires  position  offering  experience  in 
steam  power  plants  or  heating  and  ventilating  design. 
Wil  1  go  anywhere.    Apply  to  Box  No.  858- W. 
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Situations  Wanted 

SALES  ENGINEER,  a.m.e.i.c,  graduate  engineer,  age  34, 
practical  experience  in  the  manufacture  of  power  plant 
equipment,  thoroughly  conversant  with  Canadian 
power  plant  practice  and  equipment  for  the  metal 
working  industries.  Available  on  short  notice.  Apply 
to  Box  No.  860-W. 

CHEMICAL  ENGINEER,  b.sc.  (McGiir21),  a.m.e.i.c, 
age  36,  married;  three  years  since  graduation  with  pulp 
and  paper  mills;  eight  years  in  shops,  estimating  and 
sales  divisione  of  well-known  gas  engineering  and  con- 
struction companies  in  the  United  States.  Excellent 
references.  Available  on  short  notice.  Apply  to  Box 
No.  866-W. 

ELECTRICAL  ENGINEER,  graduate  1929,  s.e.i.c. 
Single.  Experience  includes  two  years  with  electrical 
manufacturing  concern  and  one  on  highway  construction 
work.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  887-W. 

AGENCIES  WANTED.  Young  engineer,  b.a.bc.  in  c.E., 
with  business  and  sales  experiences,  speaking  fluent 
French,  would  consider  representing  a  firm  as  agent 
for  Montreal  or  the  province  of  Quebec.  Apply  to  Box 
No.  891-W. 

ELECTRICAL  ENGINEER,  grad.  Univ.  of  N.B.  '31. 
Experienced  in  surveying  and  draughting,  requires 
position.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  893-W. 

CIVIL  ENGINEER,  b.a.bc,  jf.e.i.c,  age  29,  single. 
Experience  includes  two  years  in  pulp  mill  as  draughts- 
man and  designer  on  additions,  maintenance  and  plant 
layout.  Three  and  a  half  years  in  the  Toronto  Buildings 
Department  checking  steel,  reinforced  concrete,  and 
architectural  plans.  Available  at  once.  Location  im- 
material. At  present  in  Toronto.  Apply  to  Box  No. 
899-W. 

DESIGNING  ENGINEER,  a.m.e.i.c.  Permanent  and 
executive  position  preferred  but  not  essential.  Fifteen 
years  experience  in  designing  power  plants,  engine 
and  fan  rooms,  kitchens  and  laundries.  Thoroughly 
familiar  with  plumbing  and  ventilating  work,  pneu- 
matic tubes,  and  refrigeration,  also  heating,  electrical 
work,  and  specifications.     Apply   to  Box   No.   913-W. 

CIVIL  ENGINEER,  b.sc,  o.p.b.  Experience  includes 
several  years  on  municipal  work-design  and  construction 
of  sewers,  steel  and  concrete  bridges,  watermains  and 
pavements.  Available  at  once.  Apply  to  Box  No. 
950-W. 

CIVIL  ENGINEER,  b.sc.  (Univ.  of  Sask.  '33),  s.e.i  c, 
age  28,  single.  Experience  in  testing  hydro-electric 
equipment,  draughting,  surveying,  city  street  improve- 
ments, technical  photography.  Available  at  once.  Lo- 
cation immaterial.    Apply  to  Box  No.  986-W. 

ELECTRICAL  ENGINEER,  s.e.i.c,  b.sc,  (N.S.  Tech. 
Coll.,  '33),  desires  work.  Experience  in  transmission  line 
construction.  Location  or  class  of  work  immaterial. 
Apply  to  Box  No.  1010-W. 

ENGINEER  SUPERINTENDENT,  age  44.  Engineering 
and  business  training,  executive  ability,  tactful,  ener- 
getic. Had  charge  of  several  large  projects.  Intimate 
knowledge  of  costs  and  prices,  reports  and  estimates. 
Available  immediately.  Any  location.  Apply  to  Box 
No.  1021-W. 

CIVIL  ENGINEER,  b.sc.  (Queen's,  '14),  a.m.e.i.c.  Do- 
minion Land  Surveyor,  5  months  special  course  at  the 
University  of  London,  England,  in  municipal  hygiene 
and  reinforced  concrete  construction.  Experience 
covers  legal  and  topographic  surveys,  plane  tabling  and 
stadia  surveying,  railway  and  highway  construction, 
drainage  and  excavation  work.  Available  at  once. 
Apply  to  Box  No.   1035-W. 


Situations  Wanted 

ELECTRICAL  ENGINEER  AND  GEOPHYSICIST. 
Age  36.  Married.  Seven  years  experience  in  geophysi- 
cal exploration  using  seismic,  magnetic  and  electrical 
methods.  Two  years  experience  with  the  Western 
Electric  Company  of  Chicago,  working  on  equipment 
and  magnetic  materials  research.  Experienced  in  radio 
and  telephone  work,  also  specializing  in  precise  electrical 
measurements,  resistance  determinations,  ground  po- 
tentials and  similar  problems  of  ground  current  dis- 
tribution.   Apply  to  Box  No.  1063-W. 

ELECTRICAL  ENGINEER,  b.a.sc.  Univ.  Toronto  '28. 
Experience  includes  Can.  Gen.  Eleo.  Co.  Test  Course. 
Also  more  than  two  years  in  the  engineering  dept.  of 
the  same  company.  Available  on  short  notice.  Pre- 
ferred location  central  or  eastern  Canada.  Apply  to 
Box  No.  1075-W. 

ELECTRICAL  ENGINEER,  b.so.  Married.  Eight 
years  electrical  experience,  including  operation,  main- 
tenance and  construction  work,  electrical  design  work 
on  large  power  development,  mechanical  ability,  ex- 
perienced photographer,  employed  in  electrical  capacity 
at  present.  Available  on  reasonable  notice.  Apply  to 
Box  No.  1076-W. 

GRADUATE  IN  MECHANICAL  ENGINEERING, 
1927,  desires  opportunity  in  Diesel  engine  field,  pre- 
ferably in  design  and  development  work.  Skilled 
draughtsman  and  clever  in  design.  Familiar  with  basic 
theories  of  the  Diesel  engine  and  in  touch  with  recent 
developments  and  applications.  Anxious  to  obtain  a 
foothold  with  up-to-date  company.  No  objection  to 
shopwork  or  other  duties  as  a  start  but  would  prefer 
shopwork  and  assembly  if  po.5sible.  Apply  to  Box  No. 
1081-W. 

CIVIL  ENGINEER,  b.sc.  Sask.  '30.  s.e.i.c.  Age  24 
years.  Experience  in  municipal  engineering,  including 
sewer  and  water  construction,  sidewalk  construction, 
paving,  storm  sewer  design,  draughting,  precise  levelling, 
and  reinforced  concrete  bridge  construction.  Unmar- 
ried. Available  at  once.  Will  go  anywhere.  Apply  to 
Box  No.  1115-W. 

ELECTRICAL  ENGINEER,  b.sc.e.e.  (Univ.  of  N.B. 
'31).  C.G.E.  Test  Course  included  industrial  control, 
induction  motors  and  transformers;  the  transformer 
test  included  desk  work  for  two  months  on  computing 
losses,  efficiencies,  etc.  Available  at  once.  Apply  to 
Box  No.  1119-W. 

MECHANICAL  ENGINEER,  b.a.sc.  (Univ.  of  B.C.  '29) ; 
M.S.  Age  27.  Single.  Four  years  experience  in  research 
work  in  applied  mechanics  and  materials  testing.  Desires 
position  involving  analytical  work  in  design,  develop- 
ment or  testing.  Available  on  short  notice.  Apply  to 
Box  No.  1023-W. 

PETROLEUM  CHEMIST,  b.sc.  in  Chera.  Eng.  Age  25. 
Single.  One  and  a  half  years  experience  as  assistant 
chemist.  Capable  of  taking  charge  in  small  refinery. 
Wishes  position  anywhere  in  Canada.  Apply  to  Box 
No.  1130-W. 

ELECTRICAL  ENGINEER,  b.sc.  Queen's  '33.  Single, 
age  23.  Anxious  to  gain  experience.  Present  ex- 
perience installing  small  private  hydro-electric  plant. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  1137-W. 

CIVIL  ENGINEER,  a.m.e.i.c.  with  over  twenty  years 
experience  in  field  and  office  on  construction,  main- 
tenance, surveying,  location,  etc.,  desires  position  pre- 
ferably of  a  permanent  nature.  At  present  near  Mont^ 
real,  but  willing  to  locate  anywhere.  Apply  to  Box 
No.  1168-W. 

CIVIL  ENGINEER,  b.a.sc,  s.e.i.c,  age  26,  single. 
Experience  includes  one  year  in  bridge  construction, 
plain  and  reinforced  concrete,  pneumatic  caissons  and 
surveying.  Available  at  once.  Any  location.  Apply  to 
Box  No.  1204-W. 


Situations  Wanted 

PHYSICIST  ENGINEER,  B.ScMech.  (Queen's  1913), 
M.Sc,  Ph.D.Physics  (McGill  1929,  '30).  Experience  in 
municipal  engineering,  producer  gas  installation  and 
operation,  university  plant  maintenance.  Experienced 
teacher  of  college  physics.  Industrial  and  pure  physical 
research  experience.  Age  42.  Married.  Apply  to  Box 
No.  1207-W. 

MECHANICAL  ENGINEER,  b.sc.  (Queen's  Univ.  '28), 
age  36,  married,  desires  position  of  trust  and  responsi- 
bility. Experience  includes  fitting  and  assembly  of 
machine  tools,  production,  draughting,  and  maintenance. 
Five  years  teaching  draughting  and  mathematics.  Avail- 
able on  reasonable  notice.  Location  immaterial.  Apply 
to  Box  No.  1210-W. 

CIVIL  ENGINEER,  b.a.,  b.a.sc,  s.e.i.c,  Canadian,  age 
27,  single.  Experience  includes  eighteen  months  in 
general  building  construction.  Writes  and  speaks  both 
French  and  English  fluently.  Available  at  once  for  any 
suitable  position  in  general  engineering.  Apply  to  Box 
No.  1211-W. 

CIVIL  ENGINEER,  b.sc.  '34  (Univ.  of  N.B.),  age  24. 
Experience  includes  construction  and  highway  engi- 
neering. Desires  position  with  contracting  or  manufac- 
turing firm.  Interested  in  design.  References.  Will 
consider  any  location.    Apply  to  Box  No.  1214-W. 

ENGINEER,  with  twenty  years  experience  in  industrial, 
pulp  and  paper  mill,  and  general  engineering  and  design. 
Age  41.  Last  five  years  chief  engineer  of  paper  mill  mak- 
ing newsprint  specialties  and  toilet  tissues.  Apply  to 
Box  No.  1246-W. 

ELECTRICAL  ENGINEER,  b.sc  '34  (Univ.  of  N.B). 
s.e.i.c.  Age  21,  single.  Desires  any  kind  of  electrical 
work.  Will  consider  any  location.  Apply  to  Box  No. 
1262-W. 

CIVIL  ENGINEER,  Univ.  Toronto  '33,  age  24,  married. 
One  year  as  instrumentman  with  provincial  department 
of  highways.  Experience  in  concrete  and  retread  con- 
struction grading,  culverts,  etc  Also  draughting, 
estimating  and  general  office  practice.  Apply  to  Box 
No.  1265-W. 

ELECTRICAL  GRADUATE,  s.e.i.c.  b.sc  '32.  m.bc  '34. 
Experience  includes  four  years  as  part  time  operator 
and  announcer  for  a  radio  broadcast  station.  At  present 
employed  in  radio  repair  dept.  of  a  large  wholesale  firm. 
Apply  to  Box  No.  1283-W. 

ELECTRICAL  ENGINEER,  b.sc.  e.b.,  a.m.e.i.c.  Univer- 
sity of  Manitoba  '28.  Age  32.  Married.  Experience 
one  year  power  line  construction,  five  years  resident  and 
assistant  district  engineer  on  highway  construction;  two 
years  highway  traffic  regulation  in  charge  of  district 
office.  Good  connections  in  Manitoba  and  Saskatche- 
wan. Excellent  references.  Available  at  once  and  will 
go  anywhere.  Located  in  Winnipeg.  Apply  to  Box 
No.  1316-W. 

ENGINEER  AND  DRAUGHTSMAN,  jr.E.i.c,  age  33, 
married.  Diplomas  from  Mtl  Tech.  Inst,  in  R.C.  and 
Structural  Design.  11 H  years  experience  in  civil  engi- 
neering, draughting  and  instrument  work.  This  includes 
7  years  with  M.L.H.  &  P.  Cons,  as  field  engineer  on 
construction  and  maintenance  of  gas  mains.  Present 
location  Montreal.  Available  at  once.  Apply  to  Box 
No.  1326-W. 

GRADUATE  EiVGINEER.  (McGill).  in  responsible 
charge  of  design,  construction  and  operation  of  hydro- 
electric plants.  Also  power  design  and  mechanical 
maintenance  of  industrial  plants.  Apply  to  Box  No. 
1328-W. 

MECHANICAL  ENGINEER,  recent  grad.  University  of 
Toronto,  b.a.sc.  in  mech.  engrg,  24  years  old,  s.E.t.c, 
now  managing  a  chain  .store,  desires  engineering  work. 
Pre.sent  location  .So.  Ontario.  Location  immaterial. 
Best  of  references.    Apply  to  Box  No.  1348-W. 


Telephones 

World  telephone  .statistics  recently  issued  for  19.34*  will  impress 
all  engineers  with  the  growth  and  development  of  telephone  service 
during  the  past  sixty  years.  It  is  difficult  to  conceive  of  such  a  develop- 
ment taking  place  in  so  short  a  period,,  but  the  first  record  of  the  use  of 
the  term  "telephony"  only  occurred  in  a  lecture  delivered  before  the 
Phy.sical  Society  of  Frankfort  in  1801  by  Fhilipp  Reis,  the  experiments 
of  Alexander  (iraham  Bell  taking  place  only  ten  years  later,  between 
1S74  and  1876.  In  1934,  32, 495,8.5.")  telephones  were  in  use  in  the 
world;  an  astonishing  figure,  yet  only  1.54  telephones  for  each  one 
hundred  of  the  population.  Some  14, .300,000  of  these  are  automatic  or 
dial  telephones  of  which  46  per  cent  are  in  the  United  States. 

'i'hc  United  States,  where  the  earliest  developments  occuired,  has 
continued  to  be  the  leader  in  the  number  of  installations,  and  now  has 
51.4  per  cent  of  the  total  instruments  in  the  world,  or  13. 2i)  telephones 
per  one  hundicd  population.  Canada  lanks  second  with  1,192,330, 
or  11.15  telephones  ])er  one  hundied  i)oi)ulation.  New  Zealand  is  third 
and  Denmark  fourth.  ( licat  Britain  is  the  leadei'  of  th(^  major  European 
countries  with  4.78,  lanking  tenth;  (iennany,  which  has  almost  three 
million  telephones  and  is  second  to  the  United  States  in  the  number  of 


*Bell  Telephones  Quarterly,  .luiy,  1935 


instruments  installed,  holds  eleventh  place  with  4.48.  In  Asia,  Japan 
is  the  outstanding  country  with  1.50  telephones  per  one  hundred  of 
population  and  Argentina  in  with  South  American  countries  with 
2.64. 

Canada,  with  84  per  cent  of  telephones  under  private  management, 
ranks  second  to  the  United  States  in  this  respect.  As  a  striking  con- 
trast there  are  the  three  major  European  countries.  Great  Britain, 
Germany  and  Franco  with  telephone  services  exclusively  operated  by 
the  government. 

Washington,  D.C.  is  the  leader  in  telephone  development  among 
the  large  cities  of  the  world,  with  35.31  telephones  per  hundred  of 
population.  Vancouver  in  fifth  place  is  the  leader  of  the  Canadian 
cities  with  27.51.  Toronto  ranking  ninth  with  24.44;  Ottawa  has  18.88 
and  Montreal  1().14  telephones  per  one  hundred  population.  Stock- 
holm, the  leading  FjUropean  city,  has  a  development  of  31.95,  New- 
York  20.83,  Paris  14.18,  Berlin  10.85  and  London  9.07  telephones  per 
one  hundred  population. 

Interesting  figures  and  annual  surveys  show  an  unmistakable  trend 
towards  still  greater  usage  in  every  country.  This  however  is  not  to  be 
wondered  at  when  the  recent  technical  advances  in  the  telephone  art 
are  considered,  and  long  distance  transmission,  radio  and  carrier  current 
telephony  and  automatic  systems  which  will  no  doubt  further  increase 
the  trend. 
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SUMMARY. — This  paper  outlines  the  main  considerations  aflfecting  the  employment  of  arc  welding  in  steel  structures  and  machine  parts.  Among 
the  topics  treated  are  the  actions  occurring  in  the  arc,  the  selection  of  equipment  for  arc  welding,  the  suitability  of  various  types  of  joint  and  the  precautions 
to  be  taken  in  the  design  of  welded  work.     Notes  are  given  on  residual  stress,  the  training  of  operators  and  the  inspection  of  the  finished  work. 


Welding,  in  its  many  forms,  has  become  a  very  im- 
portant method  of  joining  metals  particularly  within  the 
last  ten  years.  Despite  the  widespread  use  of  welding 
there  appears  to  be  more  misleading  information  dispensed 
in  connection  with  the  art  than  can  be  fairly  excused  by 
feason  of  its  comparative  novelty. 

A  comprehensive  treatise  on  modern  welding  would  be 
encyclopedic  in  its  proportions  and,  due  to  the  rapid  de- 
velopment of  all  branches  of  the  art,  would  be  partly  ob- 
solete upon  completion.  This  paper  will  be  confined  to 
giving  a  general  resume  of  metallic  arc  welding  of  mild 
steel  exclusive  of  all  other  welding  processes.  It  is  not 
intended  to  attempt  any  detailed  treatment  of  design  of 
equipment,  joint  design,  electrodes  or  methods  but  merely 
to  outline  in  a  general  way  the  various  factors  involved 
in  arc  welding.  It  is  primarily  intended  as  a  guide  to  those 
who  are  faced  with  the  necessity  of  equipping  and  operating 
a  shop  in  which  welding  will  be  performed.  It  is  a  transcrip- 
tion of  notes  used  by  the  author  in  addressing  various 
branches  of  The  Institute  during  the  winter  Of  1935. 

Each  of  the  many  other  welding  processes  (such  as 
oxy-acetylene,  thermit,  electric  percussion,  electric  spot, 
electric  flash,  electric  resistance,  atomic  hydrogen  and 
carbon  arc)  has  applications  for  which  it  is  peculiarly 
adapted  and  for  which  the  metallic  arc  process  would  not  be 
economical  or  practicable.  Engineers  would  be  well  advised 
to  obtain  general  information  on  all  welding  processes. 

The  metallic  arc  process,  however,  is  the  one  which 
is  most  widely  used  in  general  engineering  for  the  welding 
of  mild  steel  for  buildings,  bridges,  tanks,  machine  frames 
and  for  repair  work  in  industrial  plants,  mines  and  on  con- 
struction jobs. 

Welding  is  not  a  new  art  although  modern  welding  pro- 
cesses have  extended  the  field  to  which  welding  is  applicable. 
Forge  or  smith  welding  is  an  ancient  art  which  is  in  com- 
mercial use  today  in  practically  its  original  form.  Its 
application  is  limited,  however,  to  the  welding  of  simple 
sections  such  as  rounds,  squares  and  flats  although  special 
methods  have  been  developed  to  allow  of  its  use  on  longi- 
tudinal joints  in  pipes. 


Arc  Theouv 

The  properties  of  the  electric  arc  were  first  investigated 
in  connection  with  the  arc  lamp.  This  phenomenon  of 
electrical  conduction  across  an  apparent  air  gap  in  a  metal- 
lic circuit  which  is  accompanied  by  the  liberation  of  intense 
heat  is  the  basis  of  arc  welding. 

Arc  welding  may  be  defined  as  that  process  which 
utilizes  an  electric  circuit  continuously  fed  with  electric 
current  from  an  adequate  source  which  current  is  passed 
through  an  arc.  One  pole  of  the  arc  is  a  metallic  electrode 
and  the  other  pole  the  work.  The  intense  heat  of  the  arc 
causes  the  electrode  and  the  work  to  fuse  simultaneously 
and  molten  metal  from  the  electrode  is  added  to  the  work 
metal  to  form  a  welded  joint. 

There  is  as  yet  no  full  and  authoritative  explanation 
of  the  mechanics  of  metallic  transference  in  the  electric  arc. 
It  is  known  that  the  bulk  of  the  metal  is  transferred  across 
the  arc  into  position  in  the  joint  by  the  force  of  gravity. 

Simultaneously  there  are  other  forces  acting  to  assist 
in  the  transfer  of  metal  across  the  arc  such  as  the  expansive 
effect  of  occluded  gases  in  the  electrode,  the  "pinch"  effect 
and,  to  a  degree,  electro-magnetic  forces  in  the  arc  acting  on 
metallic  particles  of  possibly  atomic  size  which  are  electro- 
statically charged. 

The  "pinch"  effect  is  a  phenomenon  which  occurs  in 
plastic  or  fluid  metallic  conductors  carrying  heavy  cur- 
rents. The  electro-magnetic  forces  act  to  force  a  small 
section  of  the  conductor — in  this  case  the  end  of  the  elec- 
trode at  the  arc — to  assume  a  spherical  shape.  These  forces 
then  act  to  repel  the  globule  from  the  electrode.  The  force 
is  large  in  comparison  to  the  mass  of  the  globule  and  is  an 
important  factor  in  the  transfer  of  metal  in  the  arc. 

The  relative  importance  of  the  forces  acting  to  transfer 
metal,  other  than  gravity,  has  not  been  evaluated  and  it  is 
believed  that  their  total  efTect  is  small. 

Once  deposited  the  molten  weld  metal  is  held  in  position 
in  flat  welds  by  gravity  and  in  vertical  or  overhead  welds  by 
surface  tension  and  capillary  action. 

The  welding  current  crosses  the  arc  partly  by  metallic 
conduction  and  partly  by  gaseous  conduction  through  the 
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ionization  of  the  air  and  of  metallic  materials.  Oscillo- 
grams of  arc  welding  currents  read  in  conjunction  with 
motion  pictures  of  the  arc  show  that  the  arc  is  actually  short 
circuited  instantaneously  several  times  per  second  by  glob- 
ules of  molten  electrode  material.  During  these  periods  of 
short  circuit  the  transfer  of  current  is  by  metallic  conduc- 
tion. At  other  times  the  current  flow  is  entirely  by  way  of 
the  ionized  gases  in  the  arc. 

The  energy  of  the  arc,  which  is  liberated  within  a  very 
small  volume  (less  than  .05  cubic  inch),  gives  rise  to  ex- 
tremely high  temperatures.  These  temperatures  (over  3,000 
degrees  C.)  are  such  that  the  electrode  and  work  fuse  simul- 
taneously thus  permitting  intimate  fusion  of  the  added 
metal  with  the  parent  metal. 

It  was  observed  when  studying  the  direct  current  arc 
lamp  that  heat  distribution  was  unequal  and  that  the 
positive  carbon  fused  nearly  twice  as  rapidly  as  did  the 
negative  carbon.  Thus  in  direct  current  welding  there 
arises  the  question  of  polarity.  It  is  the  established  prac- 
tice in  direct  current  arc  welding  with  bare  electrodes  to 
connect  the  electrode  to  the  negative  terminal  of  the  welding 
generator  and  the  work  to  the  positive  terminal.  This 
practice  is  based  upon  the  observation  of  the  phenomenon 
of  heat  distribution  mentioned  above  and  the  unequal 
distribution  of  heat  in  the  arc  is  of  great  assistance  in  ob- 
taining adequate  fusion.  By  connecting  the  comparatively 
heavy  "work"  to  the  positive  or  "hot"  pole  the  fact  that 
the  heavier  "work"  requires  a  greater  quantity  of  heat  to 
reach  fusion  temperature  than  does  the  lighter  electrode  is 
counteracted  to  a  considerable  degree.  This  question  of 
polarity  is  of  prime  importance  in  bare  electrode  welding  as 
it  is  not  possible  to  obtain  proper  fusion  or  arc  stability 
without  using  the  standard  or  "straight"  polarity  described 
above. 

Electrodes 

Electrodes  are  of  prime  importance  in  arc  welding. 
Indeed  it  may  be  said  that  it  is  impossible  to  obtain  good 
results  with  inferior  electrodes. 

There  are  in  current  use  two  main  classes  of  electrode 
for  the  welding  of  mild  steel,  viz.:  bare  and  flux  covered. 

Nomenclature  is  rather  loose  and  vague  in  connection 
with  electrodes  although  the  trade  is  agreed  that  the  term 
"bare  electrode"  does  represent  a  definite  class  of  material. 
The  confusion  arises  over  the  designations  to  be  applied 
to  the  various  types  of  flux  dipped,  lightly  coated  and 
heavily  coated  electrode.  The  tendency  now  is  to  classify 
the  flux  dipped  or  washed  electrode  along  with  the  bare 
electrode  and  the  lightly  coated  and  heavily  coated  to- 
gether as  flux  coated  electrodes. 

A  bare  electrode  is  simply  a  straight  14-inch  length  of 
steel  wire  which  is  accurately  drawn  as  to  size  and  which  is 
given  a  very  thin  coating  of  "sull,"  hme,  or  some  other  arc 
stabilizer.  These  light  coatings  serve  merely  to  resist  rust 
in  storage  and  to  stabilize  the  arc.  It  is  not  possible  to 
weld  with  a  bright  finished  bare  electrode. 

A  covered  electrode  is  similar,  in-so-far  as  its  core  of 
steel  is  concerned,  to  the  bare  electrode  but  in  addition  has 
a  coating  of  flux  or  gas  forming  materials,  or  both,  such  as 
when  fused  in  the  arc,  act  to  cleanse  the  weld  of  impurities, 
to  protect  the  molten  metal  with  a  slag  and  to  protect  the 
metal  crossing  the  arc  from  atmospheric  attack. 

An  appropriate  term  has  been  coined  as  a  general 
designation  for  welding  with  covered  electrodes.  This  term 
is  "shielded  arc"  welding  and  hence  the  covered  electrodes 
are  designated  as  "shielded  arc"  electrodes.  Unfortunately 
the  term  was  originally  coined  as  a  trade  name  by  one  par- 
ticular electrode  manufacturer  and  for  a  time  was  usually 
used  in  referring  to  that  specific  make  of  electrode.  Today, 
however,  the  appropriateness  of  the  term  is  such  that  it  is 
being  applied  to  all  electrodes  of  that  general  type. 


These  coated  or  heavily  covered  electrodes  are  of  two 
types— "universal"  or  general  purpose  and  "downhand" 
or  groove  welding  electrodes. 

The  universal  or  general  purpose  electrode  is  so  designed 
as  to  permit  of  vertical  and  overhead  welding  while  re- 
taining some  of  the  advantages  of  the  more  heavily  fluxed 
electrode. 

The  universal  or  general  purpose  electrode  produces 
welds  of  a  tensile  strength  of  from  55,000  to  65,000  pounds 
per  square  inch  with  a  ductility  of  from  15  to  20  per  cent 
elongation  in  two  inches. 

The  heavily  fluxed  "downhand"  or  groove  welding 
electrode  is  definitely  a  single  purpose  electrode  designed  to 
make  welds  in  the  horizontal  or  "flat"  position  only.  This 
limitation  in  application  is  due  to  the  fact  that  the  crucible 
effect  obtained  at  the  end  of  the  electrode  while  welding 
coupled  with  the  higher  currents  used  with  these  electrodes 
gives  weld  metal  of  great  fluidity.  This  high  degree  of 
fluidity  (or  temperature)  of  the  molten  metal  acts  in  such 
a  way  as  to  prevent  the  metal  being  controlled  in  any  other 
position  than  the  horizontal. 

The  welds  produced  by  this  type  of  electrode  show  the 
following  average  physical  properties : 

Tensile  strength.  .  .   60,000-70,000  pounds  per  square  inch. 
Ductility 25-35  per  cent  elongation  in  2  inches. 

Electrodes  and  their  metallurgical  characteristics  are 
discussed  at  some  length  in  a  paper*  which  will  appear  in 
the  December  issue  of  The  Journal  and  this  phase  of  the 
electrode  question  will  therefore  not  be  treated  now. 

Before  leaving  the  subject  of  electrodes,  however,  it 
would  be  well  to  clear  up  certain  misconceptions.  It  is 
generally  known  that  the  bare  electrode  produces  welds  in 
many  respects  inferior  to  those  produced  by  the  covered 
electrodes.  Bare  electrode  welds  have  poor  resistance  to 
corrosion,  low  ductility  and  low  impact  values.  Covered 
electrode  welds  have  better  corrosion  resistance  than  steel 
plate,  have  good  ductility,  high  tensile  strength  and  give 
high  impact  values. 

There  remains  the  factor  of  cost  which  is  often  over- 
looked due  to  extravagant  claims  made  by  those  seeking 
to  sell  the  various  covered  electrodes.  In  Canada,  gen- 
erally, it  may  be  said  that  the  cost  of  bare  electrode  welds 
per  pound  of  metal  deposited  is  from  5  to  15  per  cent  less 
than  the  cost,  as  deposited,  of  welds  made  with  the  shielded 
arc  electrode. 

The  engineer  may  specify  bare  electrode  welds  on 
structures  that  are  not  dynamically  loaded  and  where  the 
cost  of  the  welding  is  an  important  factor  in  the  total  cost. 
Welding  engineers  favour  the  use  of  the  shielded  arc  process 
for  all  work  regardless  of  the  cost  differential. 

Machines  and  Circuits 

The  characteristics  of  arc  welding  circuits  are  deter- 
mined by  the  characteristics  of  the  arc  itself.  A  high  open 
circuit  voltage  is  required  in  order  to  "strike"  or  start  the 
arc. 

The  open  circuit  voltage  varies  between  50  and  70 
volts  in  machines  designed  for  bare  electrode  welding  and 
may  run  as  high  as  100  volts  or  more  on  a.c.  transformers  or 
alternators  for  shielded  arc  welding. 

The  arc  voltage,  as  already  noted,  lies  between  18  and 
35  volts.  Thus  the  machines  and  circuits  for  arc  welding 
must  have  a  comparatively  high  no  load  or  open  circuit 
voltage  coupled  with  a  load  voltage  of  from  one  third  to  one 
half  of  the  no  load  or  open  circuit  value.  In  addition,  for 
good  welding,  the  arc  current  must  have  a  constant  average 
value  and  this  value  may  be  anywhere  within  the  current 
output  range  of  the  unit.    The  range  of  current  values  taken 

♦The  Metallurgy  of  Metallic  Arc  Welding  of  Mild  Steel,"  by  C.  R. 
Whittemore,  a.m.e.i.c. 
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from  a  typical  welding  generator  may  well  be  from  100  to 
350  amperes  by  continuously  variable  control.  From  the 
foregoing  it  will  be  seen  that  generators  for  arc  welding  offer 
a  difficult  design  problem. 

Regardless  of  the  inherent  stability  of  the  machine 
proper  it  is  often  necessary  to  incorporate  stabilizers  in  the 
form  of  external  reactors  or  special  stabilizing  windings  in 
the  machine  in  order  to  obtain  the  degree  of  stability 
and   rapid   voltage   recovery   required   in   the   arc   circuit. 
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Fig.  1. 


Since  the  arc  is  short  circuited  instantaneously  several 
times  per  second  the  necessity  of  rapid  voltage  recovery 
characteristics  is  apparent. 

There  are  two  general  machine  classifications:  "Con- 
stant Voltage"  machines  and  "Variable  Voltage"  machines. 

Constant  Voltage  Welding  Generators 

Machines  of  the  constant  voltage  type  obtain  the 
drooping  voltage-load  characteristic  (see  Fig.  1)  by  means 
of  resistors.  Figure  2  shows  a  schematic  diagram  of  a 
typical  constant  voltage  type  welding  equipment. 

The  generator  of  a  constant  voltage  type  welder  is 
usually  designed  as  flat  compound,  that  is,  the  generator 
output  voltage  is  constant  over  the  range  from  no  load  to 
full  load.  The  voltage  of  the  unit  is  adjusted  by  the  shunt 
field  rheostat  to  lie  between  50  and  75  volts  as  required. 
The  moment  current  flows  in  the  external  circuit  through 
the  electrode  and  arc  the  welding  rheostat  becomes  oper- 
ative and  causes  the  overall  circuit  characteristics  to  ap- 
proximate those  shown  in  Fig.  1.  As  an  example  of  this 
assume  a  typical  case: 

Electrode  size  j^  inch,  current  required  200  amperes, 
arc  voltage  20  volts.  The  generator  open  circuit  voltage 
may  be  assumed  as  60  volts.  From  the  data  it  will  be  seen 
40  volts  must  be  absorbed  in  the  welding  rheostat  and  in 
the  resistance  of  leads  and  reactor.  Allowing  5  volts  drop 
in  leads  and  reactor  leaves  35  volts  to  be  absorbed  in  the 
rheostat  itself.  Suitable  adjustment  of  the  rheostat  will 
accomplish  the  desired  result. 

It  is  well  to  observe  that  this  voltage  drop  in  the 
rheostat  occurs  only  when  current  flows  and  that  while 
the  current  flows  there  is  a  large  power  loss.  In  this 
example  the  loss  is  (35  X  200)  watts  =  7,000  watts.  At 
the  same  time  only  (200  X  20)  =  4,000  watts  is  being 
used  in  the  arc  to  do  useful  work.  The  efficiency  of  the 
constant  voltage  welder  is  therefore  of  a  low  order. 

Assuming  a  conversion  efficiency  in  the  motor  generator 
of  80  per  cent  and  knowing  the  actual  welding  circuit  con- 
ditions from  the  above  it  is  found  that  (ignoring  lead 
losses) : — 


j^rr-  ■  Useful  output  ^,  ,^„ 

Efficiency  =    „  ,  ,  . — ^  X  100 

iotal  input 


4,000  X  100  X  0.8 
(4,000  -f  7,000) 


=  29  per  cent 


An  overall  efficiency  of  only  30  per  cent  represents  a 
serious  loss  of  power  where  power  cost  is  high. 

Against  this  low  efficiency  must  be  balanced  the  lower 
cost  for  the  machine.    Constant  voltage  welding  generators 


are  usually  used  to  serve  more  than  one  operator  with  the 
welding  circuits  being  connected  in  parallel.    See  Fig.  2. 

Thus  a  multiple-operator  constant  voltage  welding 
generator  might  be  arranged,  and  often  is,  to  serve  ten 
welders.  When  this  is  done  the  machine  of  this  type  is  an 
economical  source  of  welding  current  particularly  for 
shop  use. 

It  is  not  uncommon  to  connect  seven  welders'  outlets 
to  a  multiple-operator  type  machine  designed  to  deliver  one 
thousand  amperes  and  for  each  welder  to  use  current  up 
to  two  hundred  amperes.  This  apparent  overload  is  of  no 
consequence  since  the  load  factor  as  between  a  group  of 
welders  is  very  poor — sometimes  as  low  as  50  per  cent. 

When  this  condition  obtains  and  portability  is  not  a 
prime  consideration  the  low  cost  per  welding  outlet  of  the 
multiple-operator  constant  voltage  machine  is  a  decided 
advantage.  The  cost  of  equipment  per  outlet  is  about  half 
that  of  single-operator  variable  voltage  type  equipment. 
Variable  Voltage  Welding  Generators 

Variable  voltage  welding  generators  are  so  designed 
as  to  obtain  the  drooping  volt-ampere  characteristics  of 
Fig.  1  by  means  of  their  internal  winding  arrangement  and 
without  the  use  of  external  power  wasting  resistors.  These 
generators  are  inherently  single-operator  machines  and  it  is 
impossible  to  employ  such  units  to  supply  welding  current 
to  more  than  one  operator. 

The  single-operator  variable  voltage  welding  generators 
obtain  the  drooping  volt-ampere  characteristic  of  Fig.  1  by 
means  of  differential  compounding.  This  method  is  more 
economical  than  the  resistance  method  in  that  the  reduction 
in  voltage  from  the  open  circuit  value  to  the  welding  value 
is  accomplished  by  demagnetization  of  the  field  system 
which  in  turn  reduces  excitation  and  generated  voltage. 
Machines  of  this  type  are  very  efficient,  their  overall  effi- 
ciency including  motor  being  as  high  as  GO  per  cent. 

Some  machines  are  designed  as  self  excited  while  others 
have  small  exciter  generators  mounted  on  the  same  shaft. 
The  relative  merits  of  the  two  systems  are  largely  a  matter 
of  opinion,  the  better  machines  of  each  type  being  satis- 
factory. 

Machine  Ratings 

Rating  of  welding  machines  is  an  important  con- 
sideration when  making  a  choice  between  several  makes. 
Most  American  or  Canadian  built  machines  are  one  hour 
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rated  and  built  according  to  National  Electric  Manufac- 
turers Association  standards. 

Voltage  rating  is  a  point  worth  attention  when  pur- 
chasing new  equipment  or  when  assigning  machines  to  a 
specific  job. 

It  should  be  noted  by  users  of  welding  equipment  that 
the  majority  of  machines  now  in  use  are  unsuitable  for  the 
use  of  shielded  arc  electrodes.  It  is  important  that  machines 
intended  for  use  with  covered  electrodes  be  of  40-volt 
rating.  The  older  types  of  machines  rated  at  25  volts  have 
insufficient  capacity  for  any  but  the  smaller  {}/g-  and  5/32- 
inch)    covered   electrodes   and   then   only   those   machines 
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which  permit  adjustment  for  high  open  circuit  voltages. 
The  common  method  of  rating  welding  machines  is  by 
ampere  output,  i.e.  200-  and  300-ampere  machines.  The 
ampere  rating  alone  is  insufficient  to  classify  a  welding 
generator  and  the  rated  welding  voltage  should  always  be 
given. 

This  fact  will  be  readily  understood  when  the  driving 
motor  sizes  of  the  older  25-volt  type  and  newer  40-volt  type 
machines  are  compared.  The  power  in  the  welding  circuit 
of  two  typical  machines  delivering  the  same  current  will  be 
exemplified  as  follows: 

A  26-volt  machine  delivering  say  300  amperes  at  20 
volts  to  a  3^-inch  bare  electrode  has  an  output  of 
300X20       „  _, 
1,000      =60kw. 

A  40-volt  machine  delivering  300  amperes  at  30  volts 
to  a  3^-inch  shielded  arc  (or  covered)  electrode  has  an 
output  of 

300  X  30       ,,^, 

1,000    =  ^-^  ^^- 

The  motor  ordinarily  applied  to  a  300-ampere  25-volt 
generator  is  10  h.p.  and,  while  adequate  to  drive  the 
generator  at  rated  output,  cannot  drive  the  generator  at  the 
greater  rating  without  overloading  and  suffering  damage. 
The  300-ampere,  40-volt,  generators  are  normally  powered 
by  20-h.p.  motors. 

Incidentally  the  characteristics  of  the  older  type  25- 
volt  machines  are  such  that  they  attempt  to  keep  the  arc 
voltage  to  the  lower  values  of  from  20  to  25  volts  and  so 
they  are  inherently  unsuitable  for  shielded  arc  welding. 

Installation 

Installation  of  welding  equipment  is  a  subject  worthy 
of  much  more  attention  than  is  normally  given.  It  should 
be  borne  in  mind  that  good  welding  depends  as  much  upon 
having  a  steady  dependable  power  supply  to  the  machines 
as  on  any  other  factor. 

The  power  distribution  system  to  which  welding  motor 
generators  are  connected  should  be  adequate  for  the  load 
assuming  a  load  factor  of  50  per  cent  for  hand  welding, 
i^.ll  connections  should  be  made  in  accordance  with  the 
regulations  of  the  governing  electrical  authority  and  each 
machine  frame  thoroughly  grounded.  If  the  machines  are 
to  be  really  poi'table  it  is  advisable  to  install  plug  type 
receptacles  on  the  power  distribution  system  where  neces- 
sary. 

The  welding  circuit  from  the  generator  to  the  point  of 
welding  and  back  to  the  generator  should  be  all  of  extra 
flexible  copper  conductor  and  insulated  throughout  from 
ground.  The  practice  of  grounding  one  side  of  the  welding 
circuit  to  the  steel  frame  of  a  building  is  undesirable  from 
both  welding  and  safety  viewpoints  and  should  be  di.s- 
couraged. 

Alternating  Current  Welding 

Alternating  current  has  always  been  used  to  some 
extent  for  arc  welding  although  European  practice  has 
been  to  employ  it  to  a  much  greater  extent  than  has  been 
the  custom  on  this  continent. 

One  of  the  reasons  for  American  tardiness  in  the  use  of 
a.c.  welding  was  the  widespread  use  of  the  bare  electrode 
for  welding  on  this  continent  until  about  seven  years  ago. 
Alternating  current  is  not  suitable  for  bare  electrode 
welding  and  thus  the  development  of  a.c.  welding  equip- 
ment waited  upon  the  development  of  the  covered  electrode. 
Within  the  last  two  or  three  years  this  development  has 
proceeded  rapidly  and  a.c.  welding  equipment  of  several 
types  is  available.  It  is  well  to  note  in  passing  that  Euro- 
pean practice  involved  the  use  of  covered  electrodes  many 
years  before  they  became  popular  in  the  United  States  and 
Canada. 


The  main  advantage,  and  possibly  the  only  real 
advantage,  of  alternating  current  for  welding  as  compared 
with  direct  current  lies  in  the  fact  that  the  use  of  a.c. 
eliminates  the  troublesome  magnetic  effects  encountered 
with  d.c. 

There  are  two  main  types  of  alternating  current  welding 
equipment,  viz. :  transformer  type  and  high  frequency  alter- 
nator type. 

The  transformer  type  is  simple  and,  of  course,  has  no 
rotating  parts  and  therefore  has  negligible  maintenance 
costs. 

The  transformer  type  of  a.c.  welder  has  against  it  the 
fact  that  it  is  a  single  phase  device  and  one  that  generally 
operates  at  low  power  factor.  The  power  factor  charac- 
teristics of  arc  welding  transformers,  however,  vary  as 
between  the  products  of  different  manufacturers.  The 
detailed  discussion  of  this  factor  is  beyond  the  scope  of  this 
paper.  Both  of  these  characteristics  are  objectionable  from 
a  plant  operating  viewpoint. 

The  high  frequency  alternator  type  of  a.c.  welding 
equipment  has  standard  three-phase  induction  motor  drive, 
and  thus  has  characteristics  from  a  distribution  system 
viewpoint  similar  to  those  of  any  standard  motor-generator 
type  welding  set. 

All  a.c.  welders,  however,  are  inherently  comparatively 
high  voltage  machines,  their  open  circuit  voltage  often 
exceeding  100  volts.  The  manufacturers  minimize  this 
hazard  to  the  welding  operator  but  none  the  less  it  is  a 
serious  one  especially  when  welding  inside  tanks  or  boilers 
or  on  high  structures.  Actually  the  various  manufacturers 
offer  as  optional  equipment  on  transformer  type  welders 
automatic  or  semi-automatic  control  devices  which  remove 
the  high  voltage  from  the  welding  circuit  either  by  opening 
a  primary  contactor  or  by  reducing  secondary  voltage 
afford  protection  to  the  operator  while  changing  electrodes.* 

Alternating  current  welding  machines,  despite  some 
drawbacks,  will  he  used  to  an  ever-increasing  extent 
throughout  the  welding  industry. 

Automatic  Welding 

The  term  automatic  welding  is  somewhat  of  a  mis- 
nomer in  that  the  process  is  not  fully  automatic.  Auto- 
matic welding  machines  require  the  attendance  of  a  skilled 
operator  who  as  well  as  being  a  competent  welder  is  also 
capable  of  making  the  many  adjustments,  electrical  and 
mechanical,  required  by  the  apparatus. 

Automatic  arc  welding  machines  have  been  in  use  for 
al:)out  ten  years.  They  are  so  designed  that  they  strike 
the  arc,  move  forward  along  the  seam,  maintain  the  arc 
voltage  required  and  feed  the  electrode  to  replace  that  which 
has  been  consumed.  They  are  complicated  and  costly  and 
their  use  is  only  economical  where  there  is  a  large  amount 
of  work  of  simple  form  to  be  welded.  Automatic  welders 
have  been  successfully  applied  to  the  welding  of  small  tanks, 
boilers  and  pipes.  They  have  never  been  successfully 
applied  to  irregularly  shaped  parts  and  the  costly  nature  of 
jigs  and  fixtures  required  limits  their  use  to  long  runs  of 
simihir  work 

Automatic  arc  welders  have  been  developed  to  use  the 
modern  flux  covered  electrode  but  as  yet  their  success  is 
dubious.  Much  effort  is  being  expended  upon  the  develop- 
ment of  automatic  shielded  arc  welders  and  there  is  reason 
to  believe  that  at  an  early  date  the  problem  will  be  satis- 
factorily solved. 

Materials 

Those  steels  covered  by  the  Canadian  Engineering 
Standards  Association  or  American  Society  for  Testing 
Materials  Specifications  for  steel  for  bridges,  buildings, 
ships,  boilers,  etc.,  can  all  be  readily  welded.    These  steels 


*"A.C.    Arc    Welding   Transformer   and    Circuit   Characteristics," 
A.  M.  Candy,  .Journal  American  Welding  Society,  September  19.S4 
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have  a  tensile  range  of  up  to  72,000  poinuls  per  square  incl) 
and  a  carbon  range  of  from  0.12  to  0.30  per  cent.  The 
normal  manganese  range  is  0.30  to  0.60  per  cent  with 
sulphur  and  phosphorus  not  in  excess  of  0.05  per  cent. 

With  the  steels  in  commercial  use  ordinarily  being 
kept  within  the  specification  limits  by  modern  mill  practice 
the  problem  of  welding  is  greatly  simplified. 

It  is  only  with  dirty  steel  or  steel  containing  high 
sulphur  or  phosphorus  that  any  difficulty  due  to  parent 
metal  is  encountered  and  that  is  an  extremely  rare  occur- 
rence. The  welding  of  steels  above  or  below  the  ordinary 
carbon  range  (.10  to  .30)  offers  certain  difficulties.  The 
lower  carbon  steels  (below  0.10  per  cent),  which  are  not 
common  in  industry,  are  difficult  to  weld.  This  difficulty 
seems  largely  due  to  the  gas  absorption  characteristics  of 
the  low  carbon  range.  They  can  be  welded  to  attain  full 
strength  but  porosity  may  occur  to  a  troublesome  degree. 

Steels  of  greater  than  0.30  per  cent  carbon  have  been 
successfully  welded  using  a  special  technique.  It  is  neces- 
sary to  employ  preheating  to  about  300  degrees  F.  while 
welding  and  to  normalize  the  finishetl  parts. 

The  modern  low  alloy  high-strength  steels  such  as 
chromador,  cromansil,  etc.,  can  be  satisfactorily  welded 
only  by  employing  electrodes  designed  specifically  for  the 
purpose.  No  modification  of  welding  technique  is  required, 
however,  and  sound  welds  can  be  obtained.* 

The  electric  arc  may  be  employed  to  weld  some  of  the 
non-ferrous  metals  but  its  application  to  this  field  is  some- 
what limited. 

Cast  iron  can  be  welded  with  the  arc  but  in  the  author's 
opinion  the  oxy-acetylene  process  is  better  adapted  for  this 
material. 

.loiiNT  Df;stgx 

Very  few  tools  and  no  machine  or  structure  can  be 
built  of  one  single  piece  of  material.  Thus  at  the  outset 
the  designer  is  faced  with  the  problem  of  devising  con- 
nections between  the  component  parts  of  the  structure, 
machine  or  vessel. 

The  ideal  joint  is  one  having  100  per  cent  efficiency, 
which  is  perfectly  homogeneous  in  structure  and  in  which 
there  is  no  break  in  the  continuity  of  the  member  or  mem- 
bers due  to  the  design  or  material  of  the  joint.  This  ideal 
is  one  which  is  unattainable  except  in  isolated  cases  although 
modern  arc  welding  provides  the  most  satisfactory  means 
yet  devised  for  obtaining  joints  in  steel  that  closely  approach 
this  standard. 

Designers  have  long  been  familiar  with  riveted,  pin 
connected  and  bolted  joints  and  can  predict  with  complete 
assurance  the  performance  of  any  of  the  three  types  under 
a  given  service  condition.  This  ability  to  predict  perform- 
ance is  based  upon  results  of  thousands  of  investigations 
of  various  mechanical  (riveted,  pinned,  l)olted)  joints  ex- 
tending back  over  a  century  of  engineering  development 
and  of  the  performance  records  of  hundreds  of  thousands 
of  structures.  While  engineers  agree  that  the  welded  joint 
is  definitely  superior  in  nature  to  any  mechanical  joint 
they  have  not,  as  yet,  developed  confidence  in  their  own 
ability  to  design  structures  employing  welded  joints.  This 
lack  of  confidence  is  not,  the  author  believes,  due  to 
their  disbelief  in  the  welded  joint  but  solely  due  to  their 
own  caution  in  using  a  method  of  jointing  with  which 
they  are  not  thoroughly  familiar  and  upon  which  there  is 
not,  as  yet,  a  wide  enough  background  of  experience  in 
service.  This  natural  and  wise  caution  will  be  readily 
replaced  by  enthusiastic  adoption  of  welding  as  its  obvious 
advantages  become  more  widely  appreciated. 

With  the  extended  acceptance  of  welded  joints  designers 
will,  of  necessity,  be  obliged  to  give  study  to  the  welded 

*"  Development  and  Use  of  Low  Alloy,  High  Tensile  Steel,"  A.  E. 
Gibson,  and  "Welding  of  Low  Alloy  Steels,"  J.  C.  Holmberg,  both  in 
.Journal  of  American  Welding  Society,  September  19.35. 


joint  itself  and  its  mechanical  properties  such  as  weld  size 
and  arrangement. 

The  simplest  joint  possible  between  two  plates  or 
shapes  is  the  butt  joint  which,  when  properly  designed  and 
executed,  can  have  a  very  high  efficiency. 

Figure  3  illustrates  the  more  usual  joint  types.  The 
single  "V"  butt  joint  is  the  most  commonly  used  although 
limited,  economically,  to  plates  less  than  half  inch  thick. 
In  plates  of  Yi  inch  or  greater  thickness  the  double  "V" 
l)utt  joint  is  used  for  economy  only  and  not  because  of 
any  inherent  superiority  over  the  single  "V"  butt  joint. 

The  "U"  groove  butt  joint  has  been  developed  within 
recent  years  and  is  widely  used  in  the  butt  welding  of 
heavy  plates  particularly  on  pressure  vessels.  It  is  an 
economical  joint  type  on  plates  ^  inch  and  greater  in 
thickness  and  its  economy  relative  to  the  double  "V" 
joint  becomes  more  marked  in  the  greater  plate  thicknesses. 
The  "U"  groove  type  of  joint  was  developed  to  obtain  full 
advantage  of  the  shielded  arc  process.  Its  shape  is  such 
that  by  simple  downhand  welding  in  the  narrow  groove  a 
sound  weld  is  produced. 

The  partial  butt  joint  illustrated  in  Fig.  3  is  a  very 
common  and  unsound  type.  This  joint  is  not  truly  con- 
tinuous through  the  thickness  of  the  section  and  there  will 
be  heavy  stress  concentration  at  the  roots  of  the  two 
welds  which  will  raise  the  stress  in  those  areas  to  a  figure 
greatly  in  excess  of  that  assumed  as  average  stress  in 
designing  the  joint.  The  total  thickness  of  weld  metal 
when  the  reinforcements  are  included  is  greater  than  the 
plate  and  might  therefore  lead  a  careless  designer  to  assume 
low  average  stress.  The  fact  remains,  however,  that  a 
complete  joint  welded  through  the  full  section  and  having 
less  reinforcement  would  be  not  only  cheaper  but  safer  and 
would  have  no  dangerous  stress  concentration  due  to  lack 
of  continuity.  This  type  of  joint  is  unfortunately  too  com- 
mon. While  sketched  in  the  figure  as  having  been  made 
in  a  plate  of  Y%  inch  in  thickness  by  partial  grooving  it 
is  often  made  even  in  plates  of  that  thickness  by  simply 
fusing  into  the  square  plate  edges  from  both  sides.  Such 
a  joint  has  very  porous  and  dirty  metal  lying  in  a  seam  or 
pipe  through  its  centre  which  is,  in  the  author's  opinion, 
simply  inviting  trouble. 

In  butt  welds  the  guiding  principle  is  to~so  prepare 
tlie  joint  as  to  obtain  penetration  of  weld  metal  through- 


T- Joint  Groove. Weld 


T -Joint  Fillet  Weld. 


Fig.  3. 


out  the  full  plate  thickness.  On  plates  of  y^  inch  in  thick- 
ness or  less  full  penetration  may  be  obtained  without  scarf- 
ing or  grooving  by  simply  welding  from  both  sides  with  a 
quarter  inch  electrode.  On  plates  of  greater  thickness  the 
joint  should  be  scarfed  either  to  form  a  single  or  double 
vee  joint. 

On  certain  classes  of  work,  notably  car  building,  it  is 
common  practice  to  attempt  penetration  in  a  butt  joint 
from  one  side  of  the  plate  without  grooving.  This  practice 
is  one  which  is  open  to  serious  question  and  most  welding 
engineers  feel  that  it  should  be  prohibited. 
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The  most  extensive  application  of  tlie  butt  joint  is  to 
large  tanks,  pipes  and  pressure  vessels.  In  this  field  the 
welded  joint  has  shown  such  remarkable  savings  in  cost, 
reliability  and  tightness  that  it  is  rapidly  displacing  the 
riveted  joint  on  all  except  the  smaller  pressure  vessels. 

While  the  butt  joint  is  the  simplest  and  most  efficient 
joint  in-so-far  as  disposition  of  metal  is  concerned  never- 
theless the  most  common  type  of  welded  joint  employs  the 
fillet  weld.  Indeed  about  90  per  cent  of  all  welded  joints 
are  of  the  fillet  type. 
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Fig.  4. 

Joint  "A"  in  Fig.  4  is  a  very  common  type  of  joint. 
It  is  simple  to  fabricate  and  assemble  although  not  as 
economical  in  its  use  of  weld  metal  as  is  a  plain  butt  joint. 
In  addition  it  has  the  extra  material  of  the  splice  bars 
which  would  be  absent  in  a  butt  joint. 

The  lap  joint  "B"  is  a  very  common  joint  in  storage 
tanks  where  joint  efficiency  is  not  a  criterion  of  design. 
It  has  severe  eccentricity  and  is  never  used  between  mem- 
bers of  structures. 

The  "tee"  joint  "C"  is  frequently  used  for  details  on 
structural  work  and  is  a  simple  joint  to  fabricate  and  weld. 
It  is  most  frequently  used  for  knee  bracing  connections  to 
columns  and  beams. 

When  considering  design  of  fillet  welded  joints  it  is 
well  to  so  dispose  the  weld  metal  around  the  parts  joined 
as  to  prevent  any  tendency  to  progressive  failure  due  to 
torsional  stresses  at  the  joint.  The  best  example  of  this 
point  is  shown  in  Fig.  5. 

This  figure  shows  a  box  structure  composed  of  four 
corner  angles  and  an  angle  web  system  in  each  face.  This 
type  of  member  is  encountered  in  light  crane  girders,  coal 
bridge  structures,  transmission  towers,  crane  booms,  etc. 
Note  that  the  welds  are  placed  so  as  to  connect  the  members 
together  for  the  figured  axial  or  transverse  loadings.  These 
welds  however  have  on  some  structures  shown  a  tendency 
to  failure  when  torsion  is  introduced  due  to  service  condi- 
tions. The  welds  fail  by  tearing  progressively  and  such  a 
structure  is  unreliable.  If,  however,  the  condition  is 
anticipated  it  can  readily  be  corrected  by  redistribution  of 
welds.  By  simply  placing  part  of  the  total  weld  required 
at  any  intersection  at  right  angles  to  the  remainder,  the 
joint  can  be  stiffened  without  extra  cost  of  weld  metal 
and  a  sound  and  reliable  structure  be  evolved.  (See  "X" 
in  Fig.  5.)  In  a  riveted  structure  the  rivet  heads  accom- 
plish the  same  result.  Generally  these  weld  failures  due 
to  torsion  stresses  in  joints  of  this  type  start  in  craters  at 
the  end  of  welds.  It  is  a  fundamental  rule  that  no  crater 
should  ever  be  permitted  at  the  ends  of  any  fillet  weld. 

If  the  mechanical  nature  of  the  joint  is  such  as  to  pre- 
vent the  weld  being  run  partly  from  each  end  thus  placing 
the  crater  in  the  centre  of  the  length  of  the  weld  then  the 
crater  should  be  carefully  filled  with  weld  metal.  A  simple 
manner  of  avoiding  a  crater  in  the  line  of  a  weld  is  to 
break  the  arc  on  the  parent  metal  out  of  the  line  of  the 
weld  proper. 


Designers  in  the  past  have  frequently  called  for 
single  sided  or  one  sided  fillet  welded  "tee"  joints. 

This  joint  (Fig.  G)  has  been  a  constant  source  of 
trouble  to  welding  engineers  as  it  is  fundamentally  unsound 
and  can  be  knocked  apart  with  a  small  hammer.  This  has 
often  been  done  and  those  who  witness  such  a  demonstra- 
tion usually  assume  that  the  fault  lies  in  welding  as  a 
jointing  method  whereas  the  true  weakness  is  one  of  design. 
A  moment's  consideration  of  the  geometry  of  such  a  joint 
will  show  that  there  is,  as  assumed  in  the  sketch,  a  lever 
arm  of  sixteen  to  one  acting  when  the  blow  is  struck  and 
thus  the  stress  in  the  root  of  the  weld  is  much  above  the 
ultimate  causing  failure.  Redistribution  of  the  weld  metal 
so  as  to  place  half  of  the  total  on  each  side  of  the  plate  will 
resist  any  attempt  to  cause  failure. 

Design  precautions  may  be  summarized  in  six  simple 
headings: — 

(1)  Place  all  welds  in  accessible  positions. 

(2)  Be  sparing  in  the  amount  of  weld  specified.  Apply 
only  the  amount  of  weld  actually  required  as  excess 
weld  metal  adds  to  cost  and  may  even  act  to  give 
a  weaker,  not  a  stronger,  joint. 

(3)  Avoid  using  fillet  welds  in  tension  where  the  mem- 
ber is  liable  to  encounter  torsional  stress  in  addition 
to  pure  tension. 

(4)  Avoid  eccentricity  just  as  in  riveted  work. 

(5)  Place  all  welds  and  joint  materials  symmetrically 
if  possible.  This  will  limit  distortion  and  residual 
stress. 

(6)  Avoid  single  sided  fillet  welds  or  partial  butt  welds. 

Welding  Technique  or  Procedure 
Given  sound  design,  suitable  materials,  electrodes  and 
equipment  there  still  remains  the  complicated  group  of 
interrelated  problems  of  technique  and  procedure.  These 
problems  arise  out  of  the  physical  nature  of  the  arc  welding 
process — the  application  of  small  quantities  of  molten  metal 
to  a  comparatively  large  mass  of  cold  metal.  The  forces 
of  expansion  and  contraction  set  up  vary  in  degree  with 
the  relative  weight  and  stiffness  of  the  member,  the  quantity 
of  weld  metal  and  the  rate  or  speed  at  which  the  weld  is 
applied.  This  variation  in  relative  weight  runs  from  the 
condition  found  in  small  light  members  with  a  few  small 
welds  in  which  distortion  and  stress  are  negligible  to  large 
members  of  heavy  section  upon  which  large  quantities  of 
weld  metal  are  deposited. 

Welded  members  and  frames  must  be  kept  relatively 
free  from  distortion  and  stress  and  for  these  reasons  an 
attempt  is  made  to  so  devise  procedures  that  the  stresses 


Section 


Fig.  5. 


due  to  the  process  are  controlled  insofar  as  their  warping 
action  is  concerned  and  limited  as  to  their  residual  values. 
One  example  of  correct  weld  sequence  is  shown  in  Fig.  7 
and  the  following  description: — 

(1)  In  a  member  such  as  a  plate  girder  all  butt  welds 
or  other  splices  in  webs  and  flanges  should  be  made 
before  the  final  assembling. 

(2)  All  welds  between  stiffeners  and  web  should  be 
made  either  before  final  assembly  or  whilst  weld- 
ing the  flange  plates  to  the  web.     If  the  latter 
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method  is  used  the  welding  of  the  girder  should  be 
carried  out  while  lying  with  the  web  horizontal 
and  the  flanges  rigidly  guided  so  as  to  preclude 
their  deflecting  off  the  square. 

The  flange  welds  are  started  at  the  centre  on 
both  top  and  bottom  flanges.  As  the  welding 
progresses  toward  each  end  along  each  flange  the 
stiffener  welds  are  made  when  they  are  reached. 

When  all  the  welds  between  flanges,  web  and 
stiffeners  are  complete  on  one  side  the  girder  is 
turned  over  and  the  welds  on  the  other  side  made 
in  a  similar  way.  Such  a  procedure  allows 
shrinkage  to  occur  freely  and  there  is  a  minimum 
of  residual  stress. 
Shrinkages  are  best  evaluated  by  actual  study  of  a 
typical  joint.  The  safest  procedure  to  follow  if  any  doubt 
exists  is  to  make  a  sample  joint  and  actually  evaluate  the 
shrinkage  by  micrometer  measurement.  As  a  general  rule 
the  shrinkage  m  an  ordinary  section  such  as  a  built  up 
beam  or  girder  due  to  the  longitudinal  shrinkage  of  flange 
to  web  welds  will  be  in  the  region  of  3^  of  1  per  cent  in 
length.  While  not  a  large  percentage  it  is  important  if 
the  girder  or  beam  considered  is  long  and  has  holes  for. 
connection  purposes  at  the  ends  or  along  its  length.  When 
building  machine  frames  or  heavy  structural  details  the 
prime  rule  is  to  break  the  larger  and  heavier  members  into 
sub-assemblies  thus  obviating  cumulative  strains.  Advan- 
tage should  be  taken  where  possible  of  the  economies 
possible  when  welding  in  the  "flat"  position.  This  in- 
volves the  exercise  of  some  ingenuity  in  placing  and  hand- 
ling members  for  welding  and  in  devising  fixtures.  It 
will  be  found  possible  to  obtain  a  considerable  increase  in 
welding  speed  and  more  uniformly  high  quality  welds  if 
the  work  is  manipulated  into  a  position,  or  positions,  such 
that  the  welder  can  work  straight  downhand  in  what  is, 
in  effect,  a  90-degree  vee  formed  by  the  plates  at  the  joint. 
The  speed  of  deposition  in  such  a  "V"  will  average  20  to 
50  per  cent  higher  than  when  the  fillet  weld  is  made  in  the 
conventional  position  with  one  plate  horizontal  and  one 
vertical. 

Regardless  of  the  procedure  or  sequence  adopted  the 
engineer  should  carefully  watch  all  heavy  and  important 
work  while  in  process  with  a  view  to  detecting  tendency 
toward  distortion  and  modifying  procedure  to  check  or 
correct  the  difl[iculty. 

Residual  Stresses 
Notwithstanding  the  care  used  in  design  and  in  devis- 
ing procedures  there  will  still  exist  residual  stresses  whose 
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Fig.  6. 

magnitude  and   direction   are   almost  completely  indeter- 
minate. 

On  light  work,  such  as  small  buildings,  where  there 
is  considerable  structural  flexibility;  on  storage  tanks  and 
other  very  light  structures;  or  on  any  type  of  fabrication 
where  the  relative  amount  of  weld  to  the  weight  of  the  struc- 
ture is  small,  the  residual  stresses  can  be  disregarded  with 
safety.  In  the  case  of  large  work  such  as  pressure  vessels,  ma- 
chine frames  and  heavy  structural  details,  particularly  where 


subject  to  dynamic  loading,  these  residual  stresses  are  of  a 
serious  nature.    The  residual  stresses  act  as  an  unknown 
degree  of  pre-loading  and  therefore  must  be  removed. 
Stress  Relief 

Stresses  due  to  welding  in  heavy  fabrications  and 
pressure  vessels  may  be  relieved  by  heat  treatment.  This 
is  the  only  sure  method  of  reducing  them  to  the  low  values 
essential  to  avoid  any  danger  of  pre-loading. 

Stress  relief  by  heat  treatment  is  accomplished  by  slow 
heating  of  the  welded  part  in  a  suitable  furnace  to  about 
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1,250  degrees  F.,  soaking  at  that  temperature  for  a  time 
equal  to  one  hour  per  inch  of  thickness  of  material  and  slow 
cooling  in  the  furnace.  The  relief  of  the  residual  stresses 
is  accomplished  due  to  the  fact  that  at  the  stress  relieving 
temperature  of  1,250  degrees  F.  the  yield  point  of  the 
material  is  reduced  to  about  3,000  pounds  per  square  inch 
and  thus  any  stress  existing  in  excess  of  this  value  disap- 
pears. This  is  borne  out  experimentally  and  may  be 
readily  verified. 

As  well  as  removing  preloading,  stress  relief  removes 
the  tendency  of  highly  pre-stressed  structures  toward  creep 
under  load  in  service. 

Stress  relief  by  heat  treatment  is  mandatory  in  the 
case  of  many  vessels  designed  for  storage  of  liquids  and 
vapours  under  pressure.  Unfortunately  the  practice  of 
stress  relief  has  not  been  carried  into  other  phases  of  arc 
welded  fabrication  and  as  a  result  some  unfortunate  failures 
have  occurred.  These  failures  have  not  always  been  actual 
mechanical  breakages  but  have  more  often  been  in  the 
form  of  warp  occurring  after  the  welded  part  has  been 
placed  in  service.  Welded  frames  designed  to  replace 
castings  as  component  parts  of  machines  or  as  complete 
machine  frames  should  be  stress  relieved  after  welding  is 
completed  and  before  machining.  A  properly  designed 
welding  which  has  been  carefully  stress  relieved  may  be 
machined  and  assembled  into  a  machine  with  the  assurance 
that  there  will  be  no  further  warpage  to  cause  misalign- 
ment of  parts. 

Peening  has  often  been  suggested  as  a  means  of  reliev- 
ing weld  stresses.  The  difficulty  in  using  peening  is  to 
determine  how  hard  to  peen  and  how  long  and  over  what 
areas  of  weld  and  parent  metal.  Peening  is  useful  as  a 
subsidiary  method  of  stress  relief  on  heavy  work  but  is 
not  as  yet  a  sufficiently  controllable  method  to  be  used 
for  complete  relief  of  weld  stresses.  While  peening  is 
permissible  on  all  weld  layers  except  the  top  or  final  layer 
it  is  necessary  to  resort  to  heat  treatment  to  achieve 
adequate  stress  relief  of  heavy  welded  frames. 

The  advantages  which  accrue  from  stress  relief  are 
two: — 

(1)  The  stress  relieving  operation  alters  the  physical 
properties  of  the  weld  metal  so  that  the  ultimate 
tensile  strength  is  reduced  to  about  equivalent  to 
that  of  the  parent  metal,  with  shielded  arc  welds 
it  improves  the  free  bend  elongation  twenty  per 
cent  or  better,  and  most  important  of  all  it 
markedly   improves   the    resistance   of   the   weld 
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metal  to  fatigue  failure.   After  stress  relief  shielded 
arc  welds  have  physical  properties  in  all  respects 
equal  to  or  better  than  those  of  the  parent  plate. 
(2)    It  produces  in  a  short  interval  of  a  few  hours  the 
same  effect  as  is  obtained  by  ageing  castings  to 
obviate  warping. 
Stress  relief  is  specified  l)y  many  designeis  of  welded 
machine  frames  for  parts  of  all  sizes  and  weights  and  it 
is   the   author's   opinion    that    the   process  will  eventual!}^ 
become  standard  practice  for  all  welded  parts. 
Training  of  Personnel 
All   welding   should   be   carried   out   under  the   direct 
supervision  of  a  trained  welding  engineer.     These  men  are 
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few  in  number  but  their  numl)ers  must  be  increased  by  the 
training  of  young  engineers  in  welding.  When  welding  was 
merely  a  repair  tool  any  good  welder  was  competent  to 
carry  out  ordinary  work  but  now  that  welding  is  being 
developed  into  a  large  scale  production  process  the  tech- 
nically trained  man  is  indispensaiile.  Therefore  the  first 
essential  in  a  large  plant  employing  many  welders  is  a 
competent  welding  engineer. 

A  welding  engineer  should  preferal)ly  be  a  civil  engineer 
who  has  had  several  years  of  actual  fabricating  shop  train- 
ing. He  should  become  a  competent  welder  and  be  thor- 
oughly familiar  with  the  equipment  and  processes  under  his 
control.  He  must  be  patient  and  resourceful  and  not  afraid 
of  tackling  the  many  perplexing  problems  that  are  the 
i-outine  work  of  a  welding  engineer's  day. 

Welding  is  a  manual  art  and  for  best  results  demands 
welders  possessing  a  high  degree  of  skill.  Such  men  can- 
not be  picked  at  random  but  must  be  carefuUj'  chosen  and 
trained.  Due  to  the  nature  of  the  art  more  responsibility 
for  quality  of  work  is  on  the  welder's  shoulders  than  is  the 
case  in  many  other  trades.  This  indicates  that  the  ideal 
welder  should  be  trustworthy  to  a  high  degree  and  of  such 
a  calm  temperament  that  he  can  continue  to  apply  himself 
effectively  over  long  periods  to  a  monotonous  and  exacting 
occupation.  Welding  recjuires  constant  application  on  the 
part  of  the  welder  for  a  good  quality  of  work. 

Training  should  be  of  a  practical  nature,  the  student 
taking  his  place  in  the  shop  in  an  assembling  crew  and 
working  as  a  tack  welder.  As  quickly  as  he  develops  his 
skill  he  should  be  taught  to  make  welds  on  actual  work 
rather  than  be  asked  to  pass  long  periods  of  fruitless 
repetitive  practice.  During  his  training  period,  which  should 
extend  over  at  least  one  year  and  preferably  two,  he  should 
at  all  times  be  under  the  supervision  of  a  competent  instruc- 
tor. This  instructor  can  instill,  by  example,  a  pride  in  good 
workmanship  such  that  the  novice  rapidly  develops  into  a 
true  craftsman. 

In  some  plants  welders  are  required  to  pass  qualifica- 
tion tests  periodically  which  are  designed  to  show  the  man's 
ability  to  produce  sound  welds  in  any  required  position. 
These  tests  can  be  very  useful  in  maintaining  a  high 
standard  of  workmanship  but  should  not  be  employed  as 
a  substitute  for  constant  supervision  and  inspection. 


Tests  should  be  made  simple  and  economical  in  order 
that  they  may  not  be  burdensome.  It  has  been  the  author's 
experience,  and  that  of  many  others,  that  complicated  and 
extensive  tensile  tests  requiring  a  large  expenditure  of  time 
and  money  defeat  their  own  ends  by  becoming  irksome  to 
the  production  staff  and  are  eventually  dropped  altogether. 

A  preliminary  qualification  test  may  rightly  be  com- 
prehensive and  include  tensile  test  specimens  but  all  sub- 
sequent check  tests  should  consist  of  simple  nick  break 
test  specimens  which  can  be  (juickly  and  economically 
performed. 

('ertain  classes  of  work,  such  as  pressure  vessels,  are 
constructed  under  codes  such  as  the  Code  for  the  Fusion 
Welding  of  Pressure  Vessels  formulated  by  the  American 
Society  of  Mechanical  Engineers  and  now  generally  adopted. 
This  code  specifies  definite  tests  which  must  be  carried  out 
periodically  if  the  plant  in  question  proposes  to  fabricate 
pressure  vessels  by  fusion  welding. 

Inspection 

Many  engineers  question  the  susce|)tibility  of  welded 
work  to  visual  inspection  without  employing  destructive 
tests.  It  is  a  fact,  however,  that  a  competent  welding 
engineer  or  inspector  is  capable  of  inspecting  welding.  A 
good  inspector  makes  a  point  of  observing  the  welders  while 
they  are  actually  at  work  and  of  checking  current  values 
and  electrode  type  and  size.  Having  observed  the  welders 
at  work  and  being  familiar  witli  their  test  performances 
the  inspector  can  adequately  inspect  the  finished  work  by 
visual  methods.  Welds  which  are  faulty  are  readily 
recognized  l)v  their  superficial  appearance,  as  is  shown  in 
Fig.  8. 

Undercut  is  readily  recognizable  by  the  sharp  groove 
in  the  surface  of  the  vertical  plate.  This  defect  can  be 
readily  repaired  by  simply  running  a  further  light  bead  of 
weld  in  the  groove.  While  it  is  a  common  and  dangerous 
defect  it  is  readily  recognized  and  repaired.  The  presence 
of  undercut  is,  however,  reassuring  as  it  indicates  excellent 
penetration. 

Overlap  is  a  common  fault  due  to  incorrect  manipula- 
tion of  the  electrode  and  indicates  a  i)f)ssible  lack  of  penetra- 


Fig.  9  -Welded  Cable  Saddle  for  Isle  of  Orleans  Bridge. 
Weight  3,000  pounds. 

tion  on  that  leg  of  the  fillet  which  is  overlapped.  The 
weld  should  be  removed  by  cutting  with  a  torch  or  by 
chipping  and  rewelded  if  the  overlap  is  of  serious  propor- 
tions. 

Lack  of  penetration  is  difficult  to  detect  except  by 
using  a  cutting  torch  on  doubtful  welds.  The  torch  flame 
is  directed  against  the  weld  surface  so  as  to  gouge  into 
the  weld  with  the  axis  of  the  flame  directed  to  the  root  of 
the  weld.  By  observing  the  condition  at  the  junction  of 
weld  and  plate  at  fusion  point  the  degree  of  penetration 
can    be    determined.     When    the    defect    is    present    it   is 
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repaired  by  increasing  the  weld  size  to  compensates  for  the 
amount  by  which  complete  penetration  is  lacking. 

The  flat  or  unequal  fillet  usually  is  the  result  of  careless 
manipulation  of  the  electrode  but  is  not  an  indication  of 
unsoundness  unless  the  other  marks  of  an  unsound  weld 
such  as  overlap  or  undercut  are  also  present.  If  the  small 
side  of  the  fillet  is  up  to  the  size  specified  no  further  work 
is  required.  If  on  the  other  hand  it  is  undersize  it  must 
be  built  up. 

There  are  other  methods  of  weld  inspection  such  as 
the  electro-magnetic  method  and  the  X-ray  but  neither  is 


Fig.  10— Welded  Pipe  Wye,  24  by  16  by  12  inches. 

applicable  to  ordinary  types  of  work.  The  electro-magnetic^ 
method  is  not  used  in  weld  inspection  in  any  plant  in 
America  to  the  author's  knowledge  but  X-ray  examination 
is  extensively  used  on  pressure  vessel  welds. 

Control 

Many  individuals  in  the  industry  are  not  fully  aware 
of  the  importance  of  adequate  supervision  in  design, 
fabrication  and  erection  of  welded  structures. 

There  exists,  as  yet,  no  one  authority  competent  to 
set  up  standards  of  design  and  workmanship  or  to  adequate- 
ly supervise  the  application  of  such  standards  in  practice. 
As  a  result  of  this  absence  of  control  many  irresponsible 
persons  undertake  to  fabricate  and  erect  welded  structures, 
or  to  repair  by  arc  welding  existing  structures,  who  are 
not  competent  so  to  do.  They  ignore  the  essentials  of 
sound  design  and  workmanship  and  employ  methods  and 
equipment  of  types  that  are  obsolete  and  inadequate.  The 
net  result  of  this  is  a  chaotic  condition  which  cannot  but 
be  detrimental  to  the  continued  development  and  applica- 
tion of  welding  on  a  sound  and  proved  basis. 

The  answer  to  such  a  condition  seems  to  lie  in  the 
institution,  co-operatively  by  those  interested,  of  a  govern- 
ing bureau  competent  to  administer  a  code  of  design  and 
fabrication  standards  for  the  good  of  the  industry. 

Applications 

Arc  welding  as  a  method  of  making  joints  in  steel 
plates  and  sections  has  been  successfully  applied  to  every 
type  of  structure  or  vessel. 

Tanks  for  the  storage  of  liquids  such  as  oil,  water, 
etc.,  and  hoppers,  bins,  chutes,  etc.,  are  today  welded  as  a 
matter  of  general  practice.  This  is  due  to  the  simplicity 
of  detail  and  the  tightness  of  joints  possible  with  arc  weld- 
ing. In  most  cases  in  this  field  the  arc  welded  structure 
is  more  economical. 


Large  storage  tanks  of  greater  than  20,000  gallons 
capacity  are  usually  rivcsted  because  of  the  difficulty  of 
erecting  welded  tanks  in  the  field  when  they  are  shipped  in 
the  knocked  down  form.  It  is  only  a  question  of  awaiting 
development  of  some  method  of  erection  which  does  not 
require  bolt  holes  for  assembly  until  even  the  largest  tanks 
will  l)e  of  welded  construction. 

Pressure  vessels  have  been  successfully  arc  welded  and 
welding  bids  fair  to  replace  riveting  in  this  field.  The 
inherent  tightness  of  the  welded  joint  coupled  with  the 
high  joint  efficiencies  obtainable  without  any  special  com- 
plication have  been  factors  in  the  rapid  adoption  of  welding 
in  this  field.  Pressure  vessels  are  in  service  today  under 
temperatures  of  from  800  to  1,000  degrees  F.  and  pressures 
of  more  than  1,000  pounds  per  square  inch  on  which  all 
joints  are  arc  welded.  Some  of  these  vessels  have  walls 
up  to  four  inches  in  thickness. 

From  welded  boiler  drums  it  was  a  short  step  to  welded 
steam  headers  and  branches  and  several  high  pressure  plants 
are  in  operation  today  in  which  all  piping  joints,  including 
those  between  pipe  and  fittings  such  as  valves,  are  arc 
welded. 

Piping  of  all  types  is  now  welded  in  preference  to  the 
use  of  screwed  or  flanged  fittings  with  resultant  improve- 
ment in  flow  conditions  and  in  freedom  from  leaks.  Most 
pipe  wekling  is  performed  by  means  of  the  oxy-acetylene 
process  due  to  its  greater  flexibility  and  lower  cost  on  this 
type  of  work. 

Pressure  pipe  for  water  works  systems  and  for  pen- 
stocks is  now  being  welded  in  preference  to  riveting  due 
to  the  economies  possible  and  the  freedom  from  leaks. 

Welding  is  now  being  applied  successfully  to  the 
fabrication  of  "weldings"  replacing  steel  castings.  This  is 
an  important  field  of  application  and  one  which  is  having 
rapid  development.  The  advantages  of  the  welding  over  the 
casting  are  numerous: — (1)  Elimination  of  patterns. 
(2)  Greater  flexibility  in  design.  (3)  Rapid  deliveries. 
(4)  Freedom  from  flaws.  (5)  More  economical  use  of 
material  and  consequent  reduction  in  weight.    (6)  Smaller 


Fig.  11 — Welded  Salt  Evaporator.    Length  55  feet,  weight  25  tons. 

machining  allowances  and  easier  machining  due  to  freedom 
from  sand  or  hard  spots  resulting  in  lower  machining  costs. 
(7)    Lower   cost   on   large   weldings    (one   ton    or  greater). 

Among  the  weldings  already  fabricated  are  press  frames, 
planer  beds,  engine  frames,  gears  and  many  other  parts. 

The  application  of  arc  welding  to  bridges  has,  with  a 
few  notable  exceptions,  been  i-estricted  to  short  spans. 
There  is  every  reason  to  believe,  however,  that  welding 
will  be  applied  to  an  ever  greater  extent  to  bridge  structures 
with  a  consequent  reduction  in  their  weight. 
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Arc  welding  is  being  used  extensively  to  reinforce 
existing  bridges  and  this  application  is  of  great  importance 
economically  since  it  will  permit  older  bridges  to  be  rein- 
forced for  greater  loadings  and  thus  extend  their  life. 

Buildings  have  been  constructed  by  arc  welding  in 
many  cities  both  on  this  continent  and  abroad.  The 
welded  steel  building  is  lighter  and  stiffer  and  the  riveting 
noises  usually  so  objectionable  in  cities  are  eliminated  when 
welding  is  employed. 

The  illustrations  Figs.  9,  10  and  11  show  representative 
types  of  work  that  are  today  being  successfully  arc  welded. 

Welding,  both  by  the  arc  and  by  other  methods,  is 
today  not  only  a  useful  repair  tool  but  also  an  effective 
production  process.  Its  adoption  is  revolutionizing  con- 
ceptions of  design  in  all  fields  and  as  its  advantages  become 
more  widely  known  its  applications  will  multiply.  Arc 
welding  indeed  marks  the  beginning  of  a  new  age  in  steel. 
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Surveying  and  its  Relation  to  Property 

Particularly  as  regards  conditions  obtaining  in  the  Province  of  Quebec 

C.  C.  Lindsay,  B.Sc,  A.M.E.I.C, 
Lindsay  and  Belanger,  and  M.  D.  Barclay  Inc.,  Quebec  Land  Surveyors  and  Civil  Engineers,  Montreal. 

Paper  presented  before  the  Montreal  Branch  of  The  Engineering  Institute  of  Canada,  January  24th,  1935. 

SUMMARY. — In  outlining  the  functions  of  the  Provincial  Land  Surveyor,  Mr.  Lindsay  describes  the  system  of  land  registration  in  the  province  of 
Quebec,  and  explains  the  principal  legal  provisions  affecting  the  surveyor's  work.  Notes  follow  on  the  organization  and  equipment  of  survey  parties 
whose  work  lies  in  unpopulated  areas. 


Jean  Bourdon  was  the  first  surveyor  to  hold  his  com- 
mission as  such  in  Canada,  and  he  received  that  from  the 
King  of  France  in  1634.  He  was  a  civil  engineer,  like 
most  of  the  surveyors  who  followed  in  his  footsteps  down 
the  centuries. 

The  Corporation  of  Quebec  Land  Surveyors  was 
founded  in  1882  to  weld  the  scattered  members  of  the 
profession  in  this  province  into  one  body,  to  ensure  uniform- 
ity of  method  in  taking  measurements,  to  maintain  the 
necessary  standard  of  education  and  experience  amongst  its 
members,  to  provide  for  the  safekeeping  of  their  plans  and 
records  for  future  generations,  and  above  all  to  protect  the 
public  from  imposition  and  fraud  by  ensuring  that  all  works 
involving  the  delimitation  of  property  boundaries  should 
be  performed  only  by  properly  qualified  men  subject  to 
disciplinary  action.  With  a  few  exceptions  due  to  different 
needs,  these  reasons  were  the  same  as  prompted  the  forma- 
tion of  the  Canadian  Society  of  Civil  Engineers,  some  five 
years  later. 

It  is  commonly  supposed  that  surveying  consists  mostly 
in  running  an  instrument  and  using  a  chain,  measuring  up 
a  number  of  lines  in  a  mechanical  sort  of  way  and  making 
the  necessary  calculations  to  ensure  an  accurate  closure  of 
these.  Actually  land-surveying  goes  a  great  deal  deeper 
than  that,  it  goes  into  the  very  foundations  of  property 
ownership  and  property  rights.  Surveyors  originally  started 
out  as  civil  engineers,  but  specializing  as  surveyors  they 
have  gradually  leaned  more  and  more  towards  the  legal 
profession,  until  they  have  become  as  necessary  an  adjunct 
to  it  as  is  the  notarial  profession,  though  in  somewhat 
lesser  degree.  Quite  a  large  portion  of  the  practice  of  a 
surveyor  consists  in  legal  matters  pertaining  to  property, 
and  as  such  he  must  be  an  expert  in  all  matters  of  law 
pertaining  thereto,  and  be  capable  of  acting  in  an  advisory 
capacity  to  the  lawyer  or  notary  engaged  in  the  settlement 
of  any  boundary  dispute  or  property  transaction  whatso- 
ever.    As  an  illustration,  you  go  to  a  notary  to  have  your 


deed  of  sale  drawn  up  and  signed,  but  you  go  to  the  surveyor 
either  directly,  or  through  your  lawyer  or  notary,  to  make 
sure  that  the  property  you  are  buying  is  properly  described 
in  the  deed,  that  its  measurements  are  correct  and  that 
there  are  no  trespasses  upon  its  boundaries. 

The  surveyor  is  obliged  by  law  to  keep  an  accurate 
record  of  all  his  operations,  plans,  field-notes,  and  other 
information  obtained  in  the  course  of  his  practice,  and 
maintain  these  properly  indexed  so  that  copies  may  be 
obtained  or  the  originals  consulted  at  any  time.  After  his 
death  if  they  are  not  transferred  by  his  executors  to  another 
qualified  surveyor  they  must  be  deposited  with  the  Protho- 
notary  of  the  district  in  which  he  practised,  and  thus  be 
available  for  posterity.  This  obligation  is  a  most  important 
one  for  the  public,  and  in  daily  practice  it  is  a  common 
occurrence  to  consult  these  old  records  and  plans. 

Notwithstanding  the  comparatively  crude  instruments 
of  measurement  in  existence  in  the  early  days  as  compared 
with  present  day  standards,  it  is  surprising  what  good 
records  were  made,  and  many  points  then  mentioned  can 
still  be  retraced  at  the  present  time. 

In  the  province  of  Quebec,  there  are  two  systems  of 
measurement  both  officially  recognized,  namely  the  old 
French  or  Paris  foot  and  arpent  and  the  English  standard 
foot  and  acre.  The  French  arpent  and  foot  are  used  for 
computation  purposes  in  the  seigneuries  and  land  laid  out 
under  the  French  regime,  the  actual  measurements  are 
made  with  tapes  graduated  in  English  measure. 

All  measurements  in  the  original  seigneuries,  which  for 
instance  include  the  whole  Island  of  Montreal,  are  French 
measure,  unless  English  measure  is  expressly  stated.  It  is 
therefore  necessary  to  remember  that  unless  a  dimension 
in  a  deed  or  other  document  is  specifically  stated  as  being 
English  measure  the  law  presumes  it  is  in  French  measure. 

Before  proceeding  further  a  definition  of  property 
should  be  given.  Property  is  something  which  may  belong 
to  a  person  through  right  of  ownership.     It  may  be  cor- 
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poreal  of  incorporeal,  principal  and  necessary,  real  or 
personal.  But  officially  the  Civil  Code  of  the  Province 
recognizes  only  two  ways  of  classifying  it,  namely  move- 
able and  immoveable.  Corporeal  property  is  that  which 
has  substance  such  as  land  or  merchandise,  while  incor- 
poreal property  is  something  which  has  no  physical  exist- 
ence like  a  share  in  a  commercial  enterprise.  The  main 
thing  to  remember  is  that  immoveable  property  may  be 
taxed  or  hypothecated  but  moveable  property  may  not  be. 

Thus  it  is  important  to  know  just  what  may  be  classed 
as  immoveables;  to  give  an  instance,  the  transmission  lines 
of  power  companies  were  long  considered  as  being  move- 
ables, but  not  many  years  ago,  a  decision  was  handed 
down  by  the  Privy  Council  fixing  them  as  immoveables, 
and  taxable. 

A  building  is  considered  as  consisting  of  more  than 
its  walls  and  roof.  Balconies,  gutters,  shutters,  doors, 
windows  and  screens,  heating  and  plumbing  systems,  etc., 
are  considered  as  forming  part  of  the  immoveable  once 
they  have  become  attached  thereto.  A  boiler  placed  in 
a  building  as  one  of  its  constituent  parts  is  an  immoveable 
by  nature. 

Vegetables,  crops,  fruit,  plants  and  trees  which  adhere 
to  the  ground  are  immoveables  as  long  as  there  is  adherence ; 
there  are  numerous  modifications  of  this  and  in  case  of 
dispute  it  is  advisable  to  seek  legal  advice. 

Land,  the  most  widely-owned  immoveable,  is  held 
under  either  one  of  two  tenures  in  the  province  of  Quebec, 
either  by  franc  aleu  roturier  or  in  free  and  common  socage. 
The  former  is  the  tenure  if  the  land  has  once  formed  part 
of  a  seigneury,  while  the  latter  is  the  tenure  if  the  land 
has  been  obtained  through  grant  from  the  Crown  sub- 
sequent to  the  cession  to  Great  Britain. 

During  the  French  regime,  most  of  the  land  fronting 
upon  the  great  rivers  had  been  ceded  to  seigneurs,  who  in 
return  bound  themselves  to  develop  this  land,  colonize  it 
and  supply  a  stated  amount  of  military  service  as  and 
when  required.  Those  whom  they  brought  out  to  settle 
upon  their  seigneuries  were  called  concessionnaires  or  cen- 
sitaires  and  were  subject  to  certain  feudal  servitudes,  not 
least  of  which  was  the  payment  of  an  annual  rent.  These 
censitaires  were  never  the  real  owners  of  their  land,  but 
merely  held  it  at  the  pleasure  of  the  seigneur.  It  is  not 
generally  known,  that  after  the  cession,  the  British  Crown 
continued  for  a  little  while  the  system  of  conceding  land 
to  seigneurs,  and  during  that  time  the  seigneuries  of  Murray 
Bay,  Mount  Murray,  Shoolbred,  and  five  others  were  con- 
ceded. This  system  did  not  prove  popular  however,  and 
the  remaining  lands  were  divided  into  townships  and  con- 
ceded direct  from  the  Crown,  subject  only  to  certain 
reserves  for  mineral  rights,  etc. 

Under  the  seigneurial  tenure  the  censitaires  or  tenants 
were  not  only  liable  for  feudal  or  seigneurial  duties  or 
charges  but  their  annual  rental  was  perpetual  and  irre- 
deemable. In  the  middle  of  the  last  century  this  system 
was  enquired  into  and  it  was  found  to  be  not  only  un- 
satisfactory but  unfair  and  injurious.  The  first  acts  for 
the  abolishment  of  this  tenure  were  passed  in  1845  and 
1849  but  these  did  not  meet  with  general  approval  and 
finally  in  1854  another  and  final  act  was  passed  which 
converted  the  tenure  of  land  in  these  seigneuries  into  free 
tenure  of  franc  aleu  roturier,  as  follows: — • 

To  quote  from  Marler's  book,  "The  Law  of  Real 
Property": 

1.  From  and  after  the  date  of  the  publication  in  the 
Canada  Gazette  of  the  deposit  of  the  Schedule  prepared  by 
the  Commissioners  for  any  seigneury,  each  censitaire  therein 
held  his  land  in  franc  aleu  roturier,  free  and  clear  of  all 
cens,  droit  de  banalite,  droit  de  retrait  and  other  feudal  and 
seigneurial   duties   and   charges  whatever,   except  the   re- 


deemable constituted   rent  fixed   by  the  Schedule,   which 
was  substituted  for  all  seigneurial  duties  and  charges. 

2.  Every  seigneur  held  his  domain  and  the  uncon- 
ceded  lands  in  his  seigneury,  and  all  water-powers  and  real 
estate  belonging  to  him  in  franc  aleu  roturier,  and  the 
constituted  rents  payable  to  him  under  the  Act  by  his 
censitaires,  free  and  clear  of  all  feudal  duties  or  dues  to 
the  Crown  or  to  any  seigneur  dominant  of  whom  his  fief 
or  seigneury  was  then  held,  and  he  could  deal  with  his 
unconceded  lands  in  the  same  manner  as  land  hfsld  by 
other  persons  under  the  same  tenure  might  be  dealt  with. 

3.  In  order  that  no  tenure  resembling  feudal  tenure 
should  ever  be  charged  on  lands,  whether  held  in  free  and 
common  socage  or  in  franc  aleu  roturier,  it  was  provided 
that  no  such  lands  should  ever  be  charged  with  a  perpetual 
and  unredeemable  rent,  and  if  such  a  rent  had  been  stipu- 
lated its  capital  might  be  redeemed  at  the  option  of  the 
holder  who  would  pay  the  capital  of  the  rent  calculated 
at  the  legal  rate  of  interest,  and  all  other  feudal  duties 
and  charges  or  servitudes  were  declared  null  and  void. 

When  subdividing  the  townships  the  system  followed 
in  the  province  consisted  in  general  of  lots  of  narrow  width 
by  considerably  greater  depths.  This  system  has  much  to 
recommend  it  in  a  new  country,  it  brings  the  neighbours 
closer  together,  reduces  to  a  minimum  the  amount  of  road 
which  has  to  be  built  and  maintained  in  summer  and  winter 
per  unit  of  population  and  conduces  to  a  denser  settlement 
on  fertile  soils.  In  the  first  days  all  lots  were  made  fronting 
upon  the  rivers,  which  were  then  the  main  arteries  of  travel. 

Since  1884  all  lands  sold  by  the  Crown  are  subject  to 
a  reserve  of  three  chains  in  width  on  all  lands  bordering 
upon  non-navigable  rivers  and  lakes,  which  remain  the 
property  of  the  Crown.  In  lands  sold  previous  to  that 
date,  ownership  extended  to  the  centre  of  the  non-navigable 
stream  or  lake. 

In  navigable  streams  or  lakes,  ownership  extends  to 
high-water  mark  only.  This  high-water  mark  is  usually 
called  mean  high-water  and  is  generally  accepted  as  being 
the  hue  of  limit  of  growth  of  land  vegetation  and  the 
beginning  of  aquatic  vegetation.  Spring  floods  may  extend 
above  high-water  mark  without  affecting  its  authenticity. 


Fig.  1 — Typical  Surveyor's  Post  and  Stone  Mound. 

A  navigable  river  is  one  which  is  floatable  and  which  may 
be  driven  by  logs  in  rafts.  A  non-navigable  river  is  one 
which  may  be  driven  only  by  loose  logs. 

Another  important  point  involving  property  is  posses- 
sion. That  old  saying  that  possession  is  nine  points  of  the 
law  is  not  far  out,  in  this  province  at  any  rate.  Possession 
is  defined  as  the  keeping  of  something  in  our  power  either 
by  oneself  or  by  someone  holding  it  for  us  and  in  our 
name,  with  the  intention  of  holding  it  as  owner. 

If  a  person  occupy  a  piece  of  property  continuously 
and  uninterruptedly,  publicly,  unequivocally  and  as  pro- 
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prietor  for  thirty  years  he  has  fulfilled  all  the  requirements 
of  prescription  and  as  such  is  entitled  to  possession.  From 
this  it  follows  that  if  a  wall,  or  a  fence,  or  some  other  mark 
of  that  nature  such  as  a  line  of  blazed  trees  throuji^h  the 
bush,  be  accepted  by  two  neighbouring  proprietors  for  this 
period  without  question  or  dispute,  then  this  wall  or  fence 
or  line  of  blazed  trees  is  their  boundary-line,  whether  it 
be  straight  or  crooked  or  in  its  correct  position  or  not  with 
regard  to  the  original  land  lines.  The  law  presumes  good 
faith  on  the  part  of  the  occupant,  and  any  claimants  to 
the  land  occupied  must  prove  the  contrary.  It  will  be 
considered  at  first  sight  that  this  law  is  all  in  favour  of  the 
squatter.  While  this  is  true  to  some  extent  it  is  offset  by 
the  fact  that  every  proprietor  must  protect  his  own  in- 
terests by  maintaining  and  correctly  establishing  his 
boundaries.  This  protects  the  innocent  person  who  may 
possibly  have  a  flaw  in  his  title  through  error  or  discrepancy 
in  description  and  would  otherwise  be  unjustly  evicted. 

Originally  the  term  "squatters'  rights"  was  meant  to 
apply  to  the  settler  who  had  pushed  out  beyond  the  sur- 
veyed areas  in  his  search  for  good  land,  and  having  found 
it  and  settled  upon  it,  was  improving  his  holdings.  When 
the  surveyor  subsequently  came  along,  it  was  his  duty  to 
take  note  of  the  area  occupied  by  each  squatter,  and  in 
his  report  give  each  one  credit  for  what  he  had.  The 
squatter  then  had  first  right  to  file  upon  that  particular 
area  which  he  was  occupying  when  the  district  was  thrown 
open  for  settlement.  As  no  one  can  prescribe  against  the 
Crown,  the  squatter  has  no  legal  right  to  his  land  until 
the  Crown  has  it  surveyed  or  he  has  it  surveyed  for  himself 
and  files  an  application  for  its  purchase. 

As  already  stated  one  cannot  prescribe  against  the 
Crown,  nor  can  one  prescribe  against  property  possessed 
for  the  general  use  of  the  public  such  as  roads,  squares, 
landing  places,  etc.  Property  belonging  to  municipalities 
for  other  uses  than  the  above  is  subject  to  prescription. 

Land  titles  in  the  province  of  Quebec  are  recorded 
by  the  cadastre  system,  and  all  transactions  are  registered 
in  the  Registry  Office  of  the  district  concerned.  By  this 
means  the  identity  of  a  piece  of  property  is  maintained  no 
matter  how  often  it  is  subdivided  or  redivided  or  changes 
hands.  The  method  used  is  simple;  it  consists  of  hyphenat- 
ing the  numbers  of  subsequent  subdivisions  with  the  number 
of  the  original  lot  in  any  municipality.  When  a  portion 
of  the  country  becomes  thickly  settled  and  transactions  are 
taking  place  between  the  settlers  involving  portions  of  lots 
on  the  original  survey,  the  provincial  government  has  a 
cadastral  plan  made  of  the  township,  in  which  each  man's 
holdings  are  measured  and  a  book  of  reference  is  prepared 
showing  the  owner  of  each  piece  of  land  in  the  township, 
taken  separately,  its  boundaries  upon  all  its  sides,  and  its 
dimensions  and  area.  It  is  given,  at  the  same  time,  a 
number  which  would  be  a  subsidiary  number  to  that  given 
to  the  lot  of  which  it  formed  part  at  the  time  of  the  primitive 
survey.  This  cadastral  plan  and  book  of  reference  are 
I)repared  in  triplicate,  submitted  to  the  Minister  of  Coloniza- 
tion, Game  and  Fisheries  for  his  approval,  during  which 
time  official  notice  is  given  to  the  public  in  general,  but 
especially  to  the  inhabitants  of  this  township,  that  this 
cadastre  has  been  prepared  and  that  it  may  be  examined 
at  an  appointed  place,  generally  the  principal  town  or 
village  in  the  community,  and  after  all  objections,  if  any, 
are  straightened  out,  it  is  formally  accepted  and  comes  into 
force.  The  original  is  kept  in  the  archives  of  the  depart- 
ment at  Quebec,  and  a  duplicat<!  copy,  duly  certified,  is 
sent  to  the  Registrar  of  the  district  (ioncerned. 

Subsequently  as  the  community  grows  in  size,  and 
people  gradually  group  themselves  together  into  towns  and 
villages,  it  is  necessary  to  make  further  subdivisions  of  the 
lots  in  these  districts.  This  is  done  by  laying  out  the 
boundaries  of  the  lot    which  it    is  desired  to  cut  up  into 


building  lots  and  put  upon  the  market,  and  then  designing 
the  same  in  accordance  with  the  needs  of  the  situation. 
Unfortunately,  the  surveyor  is  not  the  final  dictator  of  the 
form  which  this  subdivision  is  to  take,  but  the  proprietor 
is,  and  in  many  cases  he  wants  to  get  the  greatest  number 
of  building  lots  with  a  minimum  of  streets  and  lanes.  No 
streets,  in  a  town  or  village,  can  be  put  in  less  than  sixty- 
six  feet  in  width  unless  with  the  permission  of  the  Lieuten- 
ant-Governor in  Council. 

Engineers  frequently  express  surprise  that  measure- 
ments in  a  city  block  do  not  always  conform  to  what  is 
given  for  its  width  or  length  in  the  official  cadastre.  Th.s 
most  frequently  is  not  faulty  measurement  at  the  time  of 
the  original  lay-out,  though  it  sometimes  is.  In  our 
province  there  is  an  article  in  the  Civil  Code  which  specifies 
that  when  a  man  sells  a  specified  area  of  land  he  must 
deliver  that  exact  quantity,  and  the  purchaser  may  insist 
upon  the  exact  fulfilment  of  the  contract.  Though  most 
deeds  of  sale  are  for  a  determinate  thing,  and  the  quantity 
is  qualified  by  the  words  more  or  less,  or  as  it  exists  at  the 
present  time  without  warranty  as  to  exact  content,  some 
are  still  made  stating  the  actual  quantity  and  the  price  per 
unit.  If  the  seller  does  not  have  that  much  land  in  h's 
lot  then  he  must  get  out  and  get  the  difference  from  his 
neighbours.  Therefore  people  who  laid  out  these  lots  at  a 
time  when  land  was  comparatively  cheap,  were  instructed 
to  chain  long  and  leave  a  surplus  m  each  subdivision  s  i 
that  the  vendor  would  always  be  upon  the  safe  side. 

It  must  be  remembered  in  deeds  of  sale  that  all 
obscurities  are  generally  construed  against  the  seller,  as 
he  is  supposed  to  know  better  than  the  purchaser  what 
he  has  for  sale. 

Ownership  of  the  soil  carries  with  it  the  ownership  of 
what  is  above  and  below  the  surface.  In  the  original 
grants  from  the  Crown  prior  to  1880  mining  rights  except 
for  gold  and  silver  were  not  reserved  to  the  Crown.  Since 
that  time  all  inining  rights  in  all  sales  of  land  by  the  Crown 
are  reserved.  Therefore  if  a  prospector  discovers  a  body 
of  ore  upon  private  property  he  may  stake  this  area  under 
the  Quebec  Mining  Act  and  mine  it;  he  must  however 
make  arrangements  with  the  proprietor  of  the  surface  for 
whatever  part  of  this  surface  which  he  shall  need.  In 
cases  of  disagreement  as  to  the  value  of  the  land  thus 
taken,  the  dispute  may  be  submitted  to  arbitration  as 
provided  in  the  Act.  This  does  not  apply  to  tunnels  for 
transportation  purposes,  therefore  if  any  such  construction 
is  projected  it  is  necessary  to  acquire  right  by  title  from 
the  owner  of  the  surface  rights. 

In  the  same  way  no  one  can  encroach  upon  the  aerial 
space  over  another's  land  by  building  the  eaves  of  his  house 
in  such  a  way  as  to  permit  water  to  run  therefrom  upon 
his  neighbours'  land,  nor  have  the  branches  of  his  trees 
project  thereon.  Also  any  wires  or  clothes-lines  stretched 
across  another  person's  land  may  be  considered  as  an 
encroachment.  The  passage  of  an  aeroplane  would  not  be, 
as  it  is  not  of  a  permanent  nature. 

Land  fronting  upon  running  water  is  subject  to  increase 
or  decrease  in  area  due  to  alluvion  and  erosion  respectively. 
Alluvion  is  silt  carried  down  by  the  stream  and  gradually 
depositing  itself  upon  the  bank  through  eddies  or  fluctua- 
tions in  the  current  of  the  river;  it  becomes  the  property 
of  the  adjacent  proprietor.  Erosion  on  the  other  hand 
may  cut  off  portions  of  riparian  land  and  carry  it  away 
ancl  deposit  it  on  neighbouring  land,  to  the  profit  of  the 
owner  thereof.  If  this  erosion  is  gradual  the  original 
owner  of  the  land  thus  washed  away  cannot  recover  it 
but  he  naturally  can  endeavour  to  protect  his  land  as  best 
he  may  by  rip-rap  or  retaining  walls.  If  this  erosion  is 
sudden  and  caused  by  a  flood  or  some  such  agency,  and 
a  large  and  distinguishable  portion  of  land  is  carried  away 
and   deposited   upon   another  property,  the  owner  of  the 
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land  thus  despoiled  may  have  it  carried  back  again  to 
its  original  site.  This  is  applicable  to  places  where  the 
Hood  has  washed  out  a  portion  of  a  farm  down  to  gravel 
and  boulders  and  the  devastated  area  has  to  be  back-filled 
again. 

Islands  in  a  navigal)le  stream  belong  to  the  Crown, 
and  may  be  sold  or  transferred  by  it.  If  a  piece  of  riparian 
property  is  cut  off  from  the  main  land  so  as  to  foi'm  an 
island,  this  island  still  belongs  to  its  former  owner.  Should 
an  island  form  in  a  navigable  river  through  gathering  of 
silt  and  changing  of  channels,  etc.,  this  island  belongs  to 
the  Crown  and  may  be  disposed  of  solely  by  it. 

In  non-navigable  s+i(>ams,  the  i.slands  Ix'long  to  the 
proprietor  of  that  side  of  the  stream  to  which  it  is  neai-est, 
provided  it  is  altogether  upon  one  side  of  the  centi'e  line 
of  this  stream.  If  the  centre  line  of  this  stream  cuts 
through  this  island,  then  the  two  iiortions  of  it  belong  to 
the  riparian  owners  on  each  side  in  accordance  with  theii' 
location. 

In  the  same  way,  if  a  non-navigable  stream  abandons 
its  Ijed  and  cuts  a  new  path  for  itself,  the  old  bed  belongs 
to  the  proprietor  through  whose  land  it  has  cut  its  path. 
In  a  navigable  liver  the  old  l)ed  belongs  to  the  Crown  and 
so  does  the  new  bed  which  it  has  cut. 

If  a  proprietor  wishes  to  construct  a  dam  across  a 
lion- navigable  stream  he  nuist  obtain  the  permission  of  the 
proprietor  upon  the  opj:)osite  bank.  Also  no  person  may 
take  the  water  away  from  a  non-navigal)le  stream  nor 
interfere  with  its  flow  without  the  permission  of  the  pro- 
prietors below  him.  The  Civil  Code  states  that  the  owner 
of  property  through  which  the  stream  runs  may  make  use 
of  the  water  which  thus  passes  through  his  lantl  for  his 
own  use  and  that  of  his  stock  liut  may  not  divert  any  part 
of  its  flow  to  other  placts  or  purposes. 

A  source  of  interest  to  engineers  in  this  province  is 
the  existence  of  the  mitoyen  or  conmuju  wall  between 
buildings.  A  proprietor  may  build  a  wall  altogether  upon 
his  own  jiroperty  folloAving  along  his  dividing  line.  This 
is  a  private  wall  and  his  neighboiu'  cannot  make  use  of  it 
in  any  way.  He  may  not  lean  a  building  against  it,  nor 
train  vines  upon  it,  nor  even  pile  eartii  against  it.  How- 
ever the  Civil  Code  states  in  Article  517  that  the  adjoining 
proprietor  has  the  privilege  of  making  the  pi'ivate  wall 
mitoyen  in  whole  or  in  part,  by  paying  for  half  of  the  value 
of  the  land  of  the  ground  on  which  it  is  built  jihis  half  the 
value  of  the  part  of  the  wall  which  he  wishes  to  render 
common.  It  is  however  recognized  that  a  proprietor  may 
take  not  moi'e  than  nine  inches  of  his  neighboui''s  land  and 
consti'uct  a  wall  which  would  l)e  partly  upon  his  neighbour's 
land  and  partly  upon  his.  The  ncaghboui'  may  ac(iuire 
initoyennete  in  this  wall  by  ))aying  for  half  of  its  value, 
and  incorporate  it  as  part  of  the  l)uilding  which  he  intends 
to  erect  upon  his  property,  biit  until  the  transaction  in- 
volving his  payment  of  his  shar(>  of  the  cost  of  this  wall 
is  completed  the  builder  of  this  wall  is  absolute  owncn-  of 
it  and  has  the  same  rights  in  it  as  for  a  private  wall.  There 
are  various  signs  used  by  builders  and  architects  to  denote 
whether  a  wall  is  mitoyen  or  not,  and  these  are  as  familiar 
to  these  professions  as  to  surveyors.  These  signs  are  not 
necessarily  final  proof  however  and  give  way  in  law  before 
definite  evidence  to  the  contrary. 

Any  proprietor,  in  a  city  or  town,  may  oblige  his 
neighbour  to  share  the  cost  of  erection  of  a  fence-wall,  ten 
feet  high  and  eighteen  inches  thick,  between  theii-  I'espective 
properties.  Foitunately  for  the  public  this  privilege  is 
I'arely  used,  and  has  never  been  dcme  so  far  to  our 
knowledge. 

One  pi'opiietor  cannot  make  any  openings  of  any  kind 
whatsoever  in  the  mitoyen  wall  without  the  consent  of  his 
neighljour,  not  even  if  these  openings  are  closed  with  fixed 
glass  and  iron  gi-illes.     If,  however,  tlie  city  demolishes  a 


house  in  order  to  pass  a  street  through  the  site  it  occupies, 
the  proprietor  of  the  other  portion  of  this  house  may 
make  openings  in  the  mitoyen  wall  in  ordei'  to  permit 
views  out  upon  the  newly  opened  street. 

If  a  propi'ietor  wishes  to  raise  tlu'  conmioii  wall  lie 
may  do  so,  provided  he  notifies  his  neighbour  of  his  inten- 
tion, and  obtains  his  consent.  If  the  latter  refuses  the 
dispute  can  be  settled  by  arbiti'ation  and  by  experts  who 


Fig.  2 — Gutting  Sled  Trail  around  Open  Water-course. 

detei-mine  whether  the  existing  wall  is  capable  of  carrying 
the  exti'a  load.  If  it  is  not,  it  must  be  strengthened  by 
adtlitional  supports  or  thickening  placed  upon  the  side  of 
the  one  who  wants  to  raise  it,  ancl  he  must  give  the  land 
necessary  for  this  purpose.  He  must  also  pay  not  only  all 
the  cost  of  the  erection  of  this  additional  height  but  mi^st 
also  pay  to  the  neighl)ouring  proprietor  a  sum  equal  to 
one-sixth  of  the  value  of  the  new  construction  as  indemnity 
for  the  additional  load  which  the  common  wall  must  beai-. 

If  the  neighbouring  jiroprietor  wants  to  make  use  of 
this  structure  thus  erected  he  must  pay  half  the  value  of 
it  plus  half  the  value  of  the  land  used  by  the  man  who 
raised  the  superstructure  foi-  the  additional  thickness  re- 
quired. 

It  frequently  (jccurs,  that  the  examination  of  the 
experts  reveals  that  the  mitoyen  wall  as  it  is  built  will 
not  stand  the  additional  load  designed  for  it.  In  this 
case  it  must  l)e  demolished  and  I'ebuilt  and  during  the 
course  of  this  (.peration  tem]M)rary  pi'otection  works  must 
be  put  in  to  suppoi't  the  floors  and  remaining  walls  of  the 
buildings.  As  previously  mentioned,  if  the  foundations 
have  to  be  widened  or  thickened  to  carry  the  additional 
weight,  then  the  area  required  must  be  taken  off  the  Ian  I 
of  that  proprietor  who  desired  to  raise  the  wall. 

FiXINC    A   BoUNDAKY  OH   MaKINC;   a   B()RNA<iE 

Any  proprietoi'  may  oblige  his  neighbour  to  fix  the 
boundary  between  their  contiguous  properties.  This  is  a 
right  and  the  neighbour  may  not  refuse.  When  the  line 
has  never  been  established  or  is  no  longer  visible  both 
parties  should  agree  upon  a  surveyor  to  establish  it  for 
them  in  accordance  with  their  titles.  The  costs  of  the 
"bornage"  are  always  equally  divided  but  if  one  proprietor 
refuses  to  be  called  en  bornage  amicably  then  an  action 
has  to  be  taken  to  compel  him  to  do  so.  The  payment 
of  the  costs  of  this  action  is  at  the  discretion  of  the  court. 
It  is  part  of  the  surveyor's  role  to  settle  t)oandary  disputes, 
and  he  is  frequently  called  upon  to  arbitrate  between  rival 
claimants,  generally  being  both  judge  and  jury. 

If  the  two  parties  have  agreed  upon  a  surveyor,  the 
latter  notifies  them  to  be  at  a  certain  place  near  the  job, 
at  a  certain  time,  and  to  bring  all  tlocuments  showing  their 
titles  to  their  lioldings  willi  tlusm,  and  proceeds  to  draw 
the  line  in  accordance  witli  tliese. 
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If  the  two  parties  have  not  agreed  upon  a  surveyor, 
then  the  party  desiring  the  bornage  chooses  his  own  sur- 
veyor and  instiaicts  him  to  proceed  with  the  necessary 
formalities  to  carry  out  this  task.  The  surveyor  then 
gives  the  other  proprietor  official  notification  to  he  at  a 
definitely  appointed  renciezvous  nearby  at  a  certain  date 
and  time,  bringing  with  him  all  documents  showing  his 
title  to  the  adjoining  property,  advising  him  also  that  he 
has  the  right  to  choose  his  own  surveyor  to  represent  him 
for  the  purpose  mentioned.  These  notices  must  allow 
three  clear  days  when  the  domicile  of  the  party  concerned 
does  not  exceed  fifty  miles  from  the  property  to  be  bounded, 
and  an  additional  day  for  each  additional  fifty  miles  there- 
from. 

If  the  neighbour  refuses  to  agree  to  the  one  surveyor, 
or  to  name  a  surveyor  of  his  own,  or  does  not  appear 
upon  the  scene  at  the  date  and  hour  specified,  then  the 
boundary  can  only  be  determined  by  an  action  en  bornage 
in  the  courts.  If  the  neighbour  attends  upon  the  ground 
after  having  agreed  to  accept  the  services  of  the  surveyor 
suggested  by  the  other  party  and  finds  that  the  line  is 
not  drawn  in  accordance  with  his  liking,  he  is  not  obliged 
to  accept  it,  but  may  have  recourse  to  the  courts. 

If  the  case  goes  to  the  courts,  the  judge  appoints  one 
or  more  surveyors,  according  to  the  representations  of 
counsel  for  the  contending  parties,  as  experts  to  determine 
the  proper  position  of  the  line.  They  are  sworn  in  especially 
as  such.  The  experts  are  instructed  by  the  court  to  make 
a  plan  of  the  locality  showing  the  claims  of  the  various 
parties,  their  occupation,  and  all  topographical  or  other 
features  which  may  be  pertinent  to  the  case. 

These  expert  surveyors  proceed  in  the  same  manner  as 
if  they  were  working  upon  an  ordinary  bornage.  They 
give  the  usual  official  notification  to  the  interested  parties, 
examine  all  the  titles,  swear  in  witnesses  and  take  down 
their  testimony  regarding  the  length  of  time  the  claimants 
have  been  in  occupation  of  their  respective  areas,  etc.  The 
plan  is  then  prepared  and  filed  with  the  court  accompanied 
by  a  report,  both  of  which  are  signed  by  the  surveyor  or 
surveyors  thus  appointed. 

In  the  cities  where  land  is  valuable  extreme  care  must 
be  exercised  and  measurements  taken  with  great  accuracy. 
How^ever,  one  is  assisted  to  a  great  extent  by  occupational 
rights  and  previous  notes  of  surveys  in  that  vicinity. 

In  the  country,  especially  in  the  district  north  of 
Montreal,  the  old  survey  lines  have  completely  disappeared 
where  they  have  not  been  maintained  by  farm-fences,  and 
must  be  retraced  from  the  notes  of  the  primitive  survey. 
These  surveys  were  made  about  seventy-five  or  eighty  years 
ago,  with  compass  and  link  chains,  and  the  lines  are  far 
from  straight.  However,  when  one  considers  the  difficulties 
which  these  old  surveyors  encountered,  it  is  surprising 
that  the  results  obtained  were  as  good  as  they  were.  There 
is  considerable  local  attraction  in  spots  and  the  compass 
lines  were  affected  accordingly,  but  frequent  observations 
with  the  primitive  theodolites  used  served  to  keep  them 
fairly  well  in  the  right  direction.  The  younger  generation 
are  at  times  disposed  to  criticize  the  work  of  these  men 
harshly,  in  view  of  the  results  which  can  be  obtained  with 
modern  instruments.  One  thing  they  did  excel  in  and 
that  is  their  chainage  notes.  As  a  rule  these  were  taken 
with  painstaking  care  and  described  every  important 
topographical  feature  clearly  and  well.  It  is  due  to  these 
chainage  notes  that  one  is  able  to  retrace  these  old  lines 
to-day. 

As  mentioned  previously,  when  an  old  survey  hne  has 
disappeared  or  is  no  longer  visible  it  must  be  retraced  in 
its  old  position.  It  is  not  sufficient  to  measure  off  the 
theoretical  depth  of  a  range  from  one  that  has  previously 
been  found,  and  call  the  line  which  M'ould  be  drawn  from 
the  point  thus  found,  the  true  position  of  the  range-lin»? 


wanted.  The  law  demands  that  each  Une  must  be  re- 
traced in  its  previous  position,  and  that  means  that  the 
old  survey  notes  must  be  obtained  and  the  old  line  found. 
If  two  points  are  found  on  the  old  line  a  certain  distance 
apart,  they  may  be  joined  together  and  the  line  thus 
draw-n  called  the  proper  location  of  the  line,  but  experience 
and  practice  determines  with  how  much  latitude  the  words 
"certain  distance  apart"  can  be  taken. 

Sbrvitude.s 

No  discussion  of  property  would  be  complete  without 
mentioning  servitudes.  Servitude  is  defined  by  Marler  as 
being  a  charge  imposed  on  one  real  estate  for  the  benefit 
of  another  belonging  to  a  different  proprietor.  That  land 
of  which  the  servitude  is  in  favour  is  called  the  dominant 
land,  that  land  which  is  subject  to  the  servitude  is  called 
the  servient  land.  These  separate  pieces  of  land  must  have 
separate  owners. 

Any  reserve  which  is  made  in  the  sale  of  a  piece  of 
property  can  be  classed  as  being  a  servitude  unless  it  is 
of  a  temporary  nature.  For  example,  a  right  of  passage, 
or  a  right  to  draw  water  from  a  well,  or  a  right  to  take 
gravel  from  a  borrow-pit,  or  the  right  to  cut  timber,  are 
all  servitudes  upon  that  property  where  these  things  exist. 

Lower  lands  are  subject  to  the  waters  which  may  flow 
upon  them  from  higher  lands  so  long  as  this  flow  is  not 
increased  by  the  hand  of  man.  This  means  that  these  low 
lands  are  servient  to  the  high  lands  to  this  extent.  But 
the  proprietor  of  the  high  land  cannot  drain  out  a  swamp 
or  lake  or  other  body  of  water  upon  his  land  and  dump 
it  upon  the  proprietor  of  the  low  land,  without  compensa- 
tion or  agreement. 

Although  it  has  been  mentioned  previously  that  the 
riparian  proprietor  of  any  stream  cannot  divert  the  flow 
of  this  stream,  yet  there  is  a  special  reservation  made  in 
the  case  of  springs.  A  spring  is  the  absolute  property  of 
the  person  who  owns  the  land  where  it  exists  and  he  can 
dispose  of  its  flow  as  he  sees  fit. 

There  is  another  servitude  which  exists  upon  all  riparian 
property  whether  this  be  fronting  upon  a  navigable  or  a 
non-navigable  stream,  and  that  is  the  "chemin  de  halage" 
or  towpath.  At  one  time  in  the  French  regime  there  was  a 
reserve  of  two  French  perches  in  width  along  both  sides 
of  the  St.  Lawrence  river  which  was  to  serve  for  navigation 
by  barge  or  floating  of  logs  and  rafts,  and  also  for  vehicles 
and  cattle.  This  was  subsequently  abrogated  and  at  the 
present  time,  all  water-courses  whether  navigable  or  non- 
navigable,  lakes,  ponds,  streams,  and  islands  in  navigable 
rivers  are  subjected  to  a  servitude  whereby  the  bed  and 
banks  of  all  these  may  be  used  for  the  floating  of  lumber 
and  for  the  passage  of  ferries,  boats  and  canoes  engaged  in 
navigation,  subject  to  the  repair  of  any  damages  which 
may  be  caused  through  these  operations.  The  servitude 
does  not  exist  for  any  other  purpose  however,  and  does  not 
mean  that  picnic  parties  or  campers  or  tourists  travelling 
by  canoe  can  make  use  of  private  property  without  trespass- 
ing thereon.  It  is  a  very  important  servitude  for  lumber 
companies  who  have  to  drive  their  logs  down  stream  from 
the  piling-grounds  to  the  mills. 

In  this  connection  attention  should  be  drawn  to  the 
fact  that  since  the  limit  of  private  property  fronting  upon 
a  navigable  river  is  fixed  as  being  at  mean  high  water  mark, 
the  beach  and  low  water  area  extending  below  that  belongs 
to  the  Crown.  Therefore  if  any  riparian  proprietor  wishes 
to  build  a  wharf  extending  out  into  the  stream  it  is  up  to 
him  to  secure  his  possession  to  the  land  which  he  intends 
to  build  upon,  as  well  as  the  beach  in  front  of  his  residence, 
by  applying  to  the  provincial  government  for  what  is 
called  a  beach  and  deep-water  lot.  These  beach  and  deep- 
water  lots  are  granted  on  lease  upon  presentation  of  a  plan 
and  description  prepared  by  a  land-surveyor  describing  its 
exact  extent  and  location.     The  rentals  are  nominal  and 
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the  possession  of  such  a  beach-lot  confirms  the  land-owner 
in  his  possession  of  the  beach  between  high  and  low  water 
marks  and  enables  him  to  protect  himself  from  unwelcome 
intrusion  by  the  public  who  use  the  beach  as  a  highway. 

There  is  another  servitude  which  is  of  particular  in- 
terest to  residents  of  the  cities  and  that  is  the  right  of  view 
over  another's  property.  According  to  the  Civil  Code  no 
proprietor  may  have  windows  directly  overlooking  his 
neighbour's  property  unless  they  are  at  a  distance  of  six 
French  feet  from  the  mutual  dividing  line,  or  6  feet  4^ 
inches  English  measure.  Oblique  views  from  side  windows 
must  be  at  a  minimum  distance  of  two  feet  French  measure. 
The  right  to  put  windows  or  views  at  a  lesser  distance 
than  the  above  has  a  commercial  value,  and  the  proprietor 
of  the  neighbouring  property  may  dispose  of  this  as  he 
sees  fit,  though  if  he  grants  this  privilege  he  may  diminish 
the  value  of  his  own  property. 

Lights  may  be  established  in  a  wall  fronting  over  a 
neighbour's  property  under  certain  specified  conditions. 
If  these  are  on  the  first  floor  of  the  building  they  must  be 
situated  at  a  minimum  distance  of  nine  feet  from  the 
ground;  and  not  lower  than  seven  feet  from  the  floor  if 
on  the  upper  storeys.  These  lights  must  be  composed  of 
fixed  glass  (verre  dormant)  and  provided  with  an  iron 
grating  or  grille  of  not  less  than  four  inches  between  the 
bars.  Moreover  these  windows  must  be  fastened  securely 
with  plaster  or  cement  so  that  they  may  not  be  opened. 

A  proprietor  whose  land  is  enclosed  on  all  sides  by 
that  of  others  and  has  no  outlet  upon  the  public 
highway,  may  demand  a  right  of  passage  over  that  of  his 
neighbours  for  the  use  of  his  property,  subject  to  an  in- 
demnity which  would  be  proportional  to  the  damage  which 
he  may  cause.  This  right  of  passage  should  usually  be 
taken  at  that  point  which  is  nearest  to  the  public  highway; 
on  the  other  hand  it  should  be  taken  at  that  place  which 
would  cause  the  least  damage  to  the  land  thus  traversed. 
If  this  land  becomes  enclosed  as  a  result  of  a  sale,  or  of  a 
partition  or  of  a  legacy,  then  it  is  up  to  the  vendor,  the 
co-partitioner  or  the  testator  to  offer  a  way  out,  and  not 
to  the  proprietor  of  the  shortest  possible  route,  and  this 
without  indemnity.  If  the  passage  thus  given  is  no  longer 
required,  the  right  to  it  can  be  suppressed  and  the  indemnitj'' 
is  refunded  or  the  annual  rental  ceases  to  exist. 

Servitudes  may  be  extinguished  and  a  servitude  ceases 
to  exist  when  the  things  subject  to  them  are  in  such  a 
condition  that  it  can  no  longer  be  exercised.  It  revives 
when  conditions  are  re-established  so  it  may  be  used  again. 
If  the  dominant  land  and  the  servient  land  are  united  in 
the  same  ownership  then  the  servitude  of  one  to  the  other 
is  extinguished.  If  a  servitude  is  not  used  for  thirty  years 
it  can  become  extinguished  if  between  persons  of  full  age 
and  privileged.  Thus  if  there  is  a  right  of  passage  over  a 
property,  and  the  proprietor  of  that  property  erects  a  gate 
or  fence  which  prevents  passing  thereon,  and  no  objection 
is  made  for  over  thirty  years,  then  the  right  no  longer 
exists.  It  is  sufficient  to  perform  some  public  act  every 
once  in  a  while  before  witnesses  whereby  the  right  of  passage 
is  exercised,  to  break  any  prescription  which  may  have 
formed  up  to  that  time.  Any  owner  of  a  servitude  must 
exercise  vigilance  to  see  that  his  rights  are  not  curtailed 
by  obstructions,  either  through  his  own  acts  or  those  of 
the  proprietor  of  the  servient  land,  otherwise  if  the  cur- 
tailed condition  exists  for  thirty  years,  his  servitude  be- 
comes limited  to  this  curtailed  condition. 

Trespass 

Before  there  can  be  trespass  the  boundaries  of  land 
must  have  been  established  and  be  visible.  In  settled 
districts  a  fence  or  a  wall  or  a  hedge  or  a  line  of  shrubbery 
are  the  most  usual  signs  of  ownership  and  occupation, 
though  a  sign  or  placard  placed  upon  the  side  of  a  path 
or  roadway  is  of  the  same  effect.     In  unsettled  districts 


where  the  properties  have  not  yet  reached  the  fencing 
stage,  a  surveyor's  line  well-blazed  is  easily  found  and 
recognized  as  such  by  the  rural  population  and  woodsmen. 

The  boundary-line  between  contiguous  timber-limits 
is  marked  by  blazed  trees  on  each  side  of  the  line,  the  line 
itself  being  well  cut-out  to  a  minimum  width  of  three  feet. 
It  cannot  be  recommended  too  strongly  that  efforts  should 
be  made  in  logging  operations  to  preserve  as  many  of  these 
blazed  trees  as  possible  so  as  to  maintain  the  boundary 
line.  The  corners  and  deflection  points  are  marked  by  large 
wooden  posts  with  an  iron  post  alongside  it  driven  deep 
into  the  ground,  and  wooden  posts  are  placed  at  every  mile 
along  the  sections  of  the  line. 

Of  recent  years  most  of  the  timber-limits  of  this 
province  have  been  sold  bounded  by  the  height  of  land 
of  the  watershed  in  which  they  are  located.  In  the  old 
days  limits  were  frequently  sold  as  being  so  many  miles 
in  depth  along  the  frontage  of  such  and  such  a  river.  In 
rough  country  it  was  frequently  found  uneconomical  to  log 
out  that  portion  of  the  limits  thus  obtained  which  were 
found  to  be  on  the  reserve  side  of  the  adjoining  watershed, 
as  all  the  wood  therein  would  have  to  be  hauled  back  over 
the  divide. 

In  obtaining  land  in  unsurveyed  townships,  the  pro- 
cedure is  to  call  in  a  surveyor  and  have  him  lay  off  the 
area  required,  prepare  a  plan  and  description  and  get  it 
filed  with  the  Department  of  Lands  and  Forests,  Quebec. 
In  the  olden  days  it  was  possible  to  obtain  letters-patent 
to  pieces  of  land  of  this  nature  without  any  difficulty;  now 
it  is  not  usual  to  sell  the  land  but  to  grant  it  on  long  lease 
at  a  nominal  sum.  Later  when  the  area  becomes  part  of 
a  surveyed  township,  this  area  would  become  part  of  a 
numbered  lot  and  it  would  be  possible  for  the  lessee  to 
change  his  status  by  filing  on  the  whole  lot  and  obtaining 
letters-patent.  In  the  meantime  his  buildings  and  other 
improvements  are  fully  protected  by  the  lease. 

Mortgages 

Mortgages  are  registered  against  the  lot  number 
affected,  in  the  registry  office  of  the  district  concerned. 
Usually  a  subdivision  plan  is  prepared  of  the  original  lot 
before  building  lots  are  put  upon  the  market  and  this  sub- 
division is  registered.  In  the  smaller  towns  and  rural 
districts  regular  subdivisions  are  not  always  made  and 
lots  are  sold  off  piecemeal  in  accordance  with  the  demand. 
Therefore  any  mortgages  given  to  the  various  proprietors 
or  occasioned  by  the  unpaid  balance  of  the  purchase  price 
are  registered  against  this  cadastral  number  as  a  whole. 
The  description  of  the  land  involved  is  frequently  vague, 
ambiguous,  and  sketchy,  and  as  the  number  of  transactions 
increases  the  registrar  finds  himself  in  a  position  where  he 
cannot  commit  himself  in  his  Certificate  of  Search  and 
there  is  a  cloud  upon  all  the  properties  in  the  original  lot. 
This  cloud  can  only  be  dispelled  by  diligent  title  examina- 
tion and  subsequent  survey.  In  view  of  this  it  is  now 
general  practice  for  a  purchaser  to  insist  upon  a  new  sub- 
division plan  being  made  of  the  land  which  he  is  about 
to  buy  so  that  he  may  start  his  occupation  with  a  clean 
sheet,  where  this  state  of  affairs  exists. 

Survey  Work  in  Remote  Areas 

The  surveyor's  work  in  the  open  is  somewhat  different 
from  an  engineer's.  As  a  rule  an  engineer  comes  into  the 
picture  when  a  district  has  developed  enough  to  permit  of 
solid  construction  and  subsequent  advancement.  When  he 
goes  off  into  the  bush  his  task  consists  of  a  more  intensive 
study  of  a  project,  which  permits  him  to  spend  a  longer 
time  in  one  area  for  the  purpose  of  concentrating  on  the 
information  which  he  is  seeking.  He  has  less  moving  about 
to  do,  fewer  caches  to  establish,  and  is  able  to  erect  camps 
or  make  himself  more  comfortable  in  view  of  his  longer 
stay  and  also  carry  a  larger  and  more  varied  amount  of 
provisions. 
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The  surveyor  on  the  other  hand  is  still  an  explorer  as 
well  as  a  surveyor.  The  surveyor's  lines  take  him  any- 
where across  country  where  even  Indian  guides  are  not 
totally  reliable.  This  means  that  personal  clothing  and 
paraphernalia  must  be  cut  down  to  a  minimum,  that  food 
must  be  rationed  to  avoid  catastrophe,  that  caches  must 
be  built  up  beyond  the  reach  of  depredatory  animals,  and 
protected  against  the  elements  and  destruction  by  bush  fire. 


Fig.  3— Well  Balanced  Portage  Train  of  Men  and  Dogs. 

In  cases  like  these  the  welfare  of  men  and  animals  is 
of  the  first  consideration,  and  it  is  well  to  take  upon  such 
a  trip  only  those  who  have  proved  themselves  capable 
under  similar  conditions  on  previous  occasions.  The  author 
has  found  the  labouring  men  best  suited  for  this  work  are 
those  from  the  Lower  Saguenay,  the  north  shore  of  the 
St.  Lawrence  and  Gaspe.  The  people  in  those  regions  are 
accustomed  to  hardship,  have  not  yet  been  spoiled  by  con- 
tact with  softening  civilization,  are  exceedingly  clever  with 
their  hands,  are  good  canoemen  and  inured  to  snowshoes 
and  hauling  of  supplies  on  sleigh  and  toboggan.  It  is  not 
unusual  even  at  the  present  time  to  have  to  plan  on  ex- 
peditions lasting  many  months. 

It  must  be  remembered  that  parties  going  off  into  the 
hinterland  on  expeditions  must  rely  altogether  upon  their 
own  resources.  They  are  complete  units  in  themselves, 
the  regions  they  will  work  in  are  exceedingly  remote  and 
difficult  of  access,  and  therefore  they  must  look  out  for 
themselves. 

In  the  old  days,  game  was  plentiful  and  could  be  relied 
on  to  a  considerable  extent,  but  forest  fires  and  indiscrim- 
inate hunting  have  thinned  out  game  and  one  must  plan 
for  all  eventualities.  A  food  consumption  of  33^  pounds 
per  day  per  man,  of  dry,  uncooked  food  is  the  usual  amount. 
This  ration  covers  meat,  flour,  dried  fruits  and  vegetables 
and  groceries.  Canned  goods  are  avoided  owing  to  the  lost 
weight  in  the  cans  and  the  difficulty  in  packing.  Personal 
baggage  in  Winter  is  cut  to  a  maximum  of  thirty  pounds 
per  man  exclusive  of  sleeping  gear.  Blankets  are  replaced 
by  sleeping  bags  and  much  poundage  is  gained  by  this 
change.  Tents  are  made  of  silk,  and  small  sheet  iron  stoves 
are  used.  The  heaviest  item  is  the  cook-stove,  but  recent 
improvements  in  these  have  permitted  the  reduction  of 
considerable  weight.  Now  it  is  possible  to  get  a  well-built 
little  stove,  with  an  oven  suitable  for  baking,  measuring 
just  the  width  of  a  dog-sled,  and  weighing  not  more  than 
forty-five  pounds. 

In  the  old  days,  the  route  into  the  northern  regions 
was  up  the  great  rivers  from  the  end  of  steel  or  river-steam- 
boat travel,  carrying  supplies  in  canoes  in  summer,  packing 
them  over  the  portages  or  lining  the  loaded  craft  up  through 
the  rapids  wheu  the  banks  permitted.  This  was  pretty 
hard  work  and  progress  was  slow.  If  the  expedition  was 
for  a  long  period,  there  would  be  two  men  per  canoe  loaded 
with  close  to  1,000  pounds  of  supplies  and  baggage. 


In  the  winter  the  same  routes  would  be  followed,  sleds 
replacing  the  canoes,  supplemented  by  dog-teams  bringing 
up  reserve  supplies.  Since  the  food  expenditure  of  a  party 
numbering  ten  men  and  ten  dogs  could  be  based  on  a  daily 
ration  of  33/2  pounds  each  for  the  men,  and  IJ^  pounds 
each  for  the  dogs,  daily  food  expenditure  would  run  a 
total  of  forty-five  pounds  per  day,  it  is  only  a  question  of 
arithmetic  to  figure  out  the  necessary  tonnage  of  food-stuffs 
required  for  a  trip  of  several  months.  It  is  interesting  to 
know  that  a  man  on  snowshoes,  breaking  trail  for  himself 
and  hauling  a  sleigh  or  toboggan,  can  only  convey  enough 
food  and  baggage  to  keep  himself  warmed  and  fed  for  a 
little  over  one  week.  Therefore  if  man  is  to  survive  and 
maintain  his  energy,  it  is  necessary  to  organize  supplement- 
ary means  of  transportation  for  the  additional  supplies 
required  for  his  stay  in  the  country.  These  supplementary 
systems  of  transportation  are  the  canoe,  the  dog-sled  and 
the  aeroplane. 

The  coming  of  the  aeroplane  simplified  matters  very 
greatly.  It  changed  the  whole  system  of  communication 
and  transportation  and  it  was  a  surveyor,  Henri  Belanger, 
of  Quebec  City,  who  was  the  first  in  this  province  to 
organize  the  transportation  of  men  and  supplies  into  the 
faraway  regions  by  the  use  of  the  aeroplane.  Working  in 
conjunction  with  the  late  Harry  Quigley  in  1919  and  1920, 
they  took  in  all  the  crews  necessary  for  the  survey  of  the 
height  of  land  between  the  Hamilton  river  and  the  St. 
Lawrence  in  LTngava,  which  survey  was  afterwards  used 
for  the  case  submitted  by  the  province  of  Quebec  against 
Newfoundland  for  the  delimitation  of  the  Labrador  bound- 
ary. It  used  to  take  his  men  forty-five  days  travelling 
by  the  water  route  from  Quebec  via  Seven  Islands  to  the 
site  of  his  work,  and  the  food  expenditure  during  this 
period  made  serious  inroads  in  his  caches.  It  was  estimated 
that  food  landed  on  the  job  cost  $1.10  a  pound,  so  that  a 
100-pound  sack  of  flour  cost  exactly  one  hundred  and  ten 
dollars  in  addition  to  its  purchase  price,  before  it  could 
be  used.  By  using  planes,  the  journey  was  made  in  a  few 
hours  from  Clarke  City  or  Seven  Islands,  and  caches  were 
made  all  along  the  projected  route  of  the  work,  thus  avoid- 
ing the  re-handling  and  re-transportation  of  the  supplies 
from  the  central  cache  to  the  secondary  ones. 

No  article  on  the  outdoors  would  be  complete  without 
mentioning  man's  good  friend  the  dog.  The  reasons  which 
make  the  dog  eminently  suitable  for  hauling  purposes  are 
that  a  dog  eats  the  same  kind  of  food  as  man,  and  therefore 
rations  for  the  one  are  reserve  rations  for  the  other;  a  dog 
for  his  weight  has  a  comparatively  light  tread  and  can  keep 
a  good  footing  upon  a  snowshoe  trail  broken  the  day  before; 
he  does  not  sweat  through  his  coat  and  therefore  runs  no 
risk  of  catching  cold  at  the  end  of  the  day's  travel  when 
he  is  put  into  temporary  quarters;  he  has  a  warm  furry 
coat  and  when  curled  up  in  the  den  which  the  dog-man 
makes  for  him,  blizzards  may  blow  snow  several  inches 
over  him  without  making  him  uncomfortable;  and  lastly 
and  most  important,  he  is  a  regular  dynamo  of  energy, 
a  dog  can  haul  twice  his  own  weight  with  a  light  sleigh 
on  a  well-beaten  trail  and  being  intelligent  learns  to  handle 
his  load  with  almost  human  care. 

In  the  Arctic  regions  and  along  the  north  shore  of  the 
St.  Lawrence,  dogs  are  driven  in  teams  of  five  or  more, 
each  one  hitched  separately  by  a  single  trace  to  the  komatik 
or  sled,  and  as  the  load  gets  under  way  they  spread  out 
fanwise  and  can  maintain  a  good  pace  for  a  long  time. 
The  conditions  there  are  different  from  ours  however,  as 
almost  constant  wind  packs  the  snow  into  hard  ridges  and 
affords  hard  footing  without  trail  breaking  being  necessary 
unless  after  a  blizzard.  Moreover  dog  food  in  the  shape  of 
fish,  seal  or  other  meat  is  available  and  it  is  possible  to 
support  a  larger  string  upon  the  country.  In  the  north- 
west, dogs  are  hitched  in  tandem,  the  usual  team  numbering 
five  dogs,  and  it  is  not  uncommon  for  teams  thus  arranged 
to  make  very  wonderful  runs  for  distance  and  time  over 
good  trails. 
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In  this  province,  conditions  are  different  as  there  is 
usually  rough  wooded  country  to  traverse.  The  snow  falls 
in  large  quantities  and  is  very  soft,  lying  unpacked  through 
the  winter  until  the  warm  suns  of  March  put  a  crust  upon 
it.  It  is  therefore  necessary  to  break  trail  with  snowshoes 
for  every  foot  of  the  way,  and  consequently  the  pace  of 
the  whole  party  is  cut  down  to  the  pace  of  the  man  break- 
ing trail.  This  procedure  is  extremely  arduous  when  snow 
conditions  are  bad,  and  he  has  to  bo  relieved  every  few 
hundred  yards.  Under  these  conditions  ten  or  fifteen  miles 
per  day  is  a  good  day's  travel,  and  when  there  is  a  large 
supply  of  provisions  to  be  brought  up  it  may  average  less 
than  that. 

From  experience  the  author  has  found  it  better  to 
hitch  only  one  dog,  or  under  rare  occasions  two  in  tandem, 
to  a  sled  and  this  sled  is  usually  loaded  with  150  pounds. 
There  are  many  advantages  in  using  only  one  dog:  If  one 
dog  hauls  150  pounds  it  does  not  follow  that  two  dogs  will 
haul  three  hundred  pounds,  as  usually  two  dogs  will  only 
haul  about  250  pounds.  When  two  dogs*  are  hitched  in 
tandem  in  rough  country,  the  lead-dog's  pulling  has  either 
a  tendency  to  lift  the  wheel-dog  off  his  feet  or  to  increase 
the  load  on  the  wheeler's  back  by  dragging  him  down 
towards  the  ground;  both  occasions  reduce  the  leader's 
pull  and  increase  the  wheeler's  load;  again  it  is  difficult 
to  get  two  dogs  with  the  same  temperament  to  team 
together,  and  anyone  who  has  ever  known  the  term  "soldier- 
ing" should  see  how  some  lead-dogs  will  just  pull  enough 
to  keep  the  traces  tight  and  not  an  ounce  more;  if  you 
reverse  the  dogs  and  put  the  energetic  wheeler  in  as  leader 
he  will  keep  up  his  good  work  until  he  falls  down  exhausted, 
as  now  he  has  to  pull  his  erstwhile  leader  as  well  as  the 
whole  load. 

When  a  dog  is  hitched  separately  to  a  sleigh  he  cannot 
fight;  when  he  is  in  tandem  he  often  does.  When  dogs  are 
hitched  tandem,  it  practically  requires  one  man  per  sleigh, 
whereas  when  they  are  hitched  singly,  the  dogman  and  one 
assistant  can  handle  sixteen  or  seventeen  different  sleighs 
with  their  dogs,  and  thus  leave  the  balance  of  the  men 
available  for  hauling  a  sled  themselves.  If  you  have  a 
party  of  ten  men  travelling  with  ten  dogs  for  a  distance 
of  one  hundred  and  fifty  miles  or  so  from  railhead,  you  will 
have  a  pilot  party  on  in  front  breaking  trail  one  day  ahead 
of  the  main  body;  this  party  consists  of  three  men,  two  of 


them  taking  turns  breaking  trail  and  the  third  man  hauling 
a  light  sleigh  loaded  with  their  camping  equipment  and 
food  for  a  week.  Of  the  seven  men  remaining  with  the 
main  body,  two  of  them  will  be  driving  and  looking  after 
the  dogs,  helping  them  over  the  rough  places  and  keeping 
them  up  to  the  mark,  they  will  be  assisted  by  the  cook. 
The  remaining  four  men  will  be  each  hauling  sleighs. 
Allowing  100  pounds  per  man  on  each  of  the  man-drawn 
sleds  and  150  pounds  per  dog,  with  75  pounds  on  the  sled 
drawn  by  the  pilot  party,  the  total  amount  of  food  and 
supplies  which  can  be  hauled  by  the  party  would  be  almost 
two  thousand  pounds. 

As  the  pilot  party  move  more  slowly  than  the  party 
following  their  trail,  it  is  possible  for  the  dog  teams  to 
make  back  trips  now  and  again  and  bring  up  the  reserve 
supplies,  which  have  been  cached  behind.  As  soon  as  the 
work  is  reached,  the  party  breaks  up  into  its  component 
parts,  the  line-crew  go  off  on  line  and  keep  the  work  moving 
without  interruption,  while  the  dog-man  and  his  helper, 
who  are  now  known  as  portageurs,  bring  up  reserve  supplies, 
make  caches  where  needed,  explore  the  country  round  in 
the  direction  which  the  line  is  taking  and  locate  suitable 
camping  grounds  in  advance.  Camp  is  usually  moved 
three  times  in  two  weeks,  sometimes  oftener,  depending 
upon  the  nature  of  the  work  and  the  amount  of  cutting 
encountered.  As  none  of  the  crews  come  in  to  dinner, 
taking  food  for  the  day  with  them  when  they  leave  in  the 
morning,  the  cook  has  the  day  to  himself,  during  which 
times  he  must  do  all  the  necessary  cooking  and  baking 
and  gathering  of  wood  to  provide  good  warm  meals  for 
both  men  and  dogs  on  their  return  at  night.  The  dogs  are 
only  fed  once  a  day  and  that  in  the  evening. 

These  notes  refer  to  a  profession  closely  allied  to  that 
of  the  engineer,  a  profession  which  has  not  dropped  behind 
in  the  years  during  which  it  separated  itself  from  the 
engineering  profession  but  on  the  contrary  has  maintained 
the  traditions  which  it  inherited  then  and  has  added  to 
them,  until  to-day  it  has  become  a  complete  and  entire 
specialty  of  its  own,  carrying  over  the  mathematical  educa- 
tion and  precision  of  the  engineer  to  a  close  kinship  with  the 
legal  profession. 

IlEPT^RENCE  BOOKS 

Civil  Code  of  the  Province  of  Quebec. 
Law  of  Real  Property,  by  W.  deM.  Marler. 


Some  Considerations  Governing  the  Undertaking  of 
Hydro-Electric  Power  Developments 

E.  D.  Gray-Donald,  A.M.E.I.C., 
Superintendent  Power  Division,  Quebec  Power  Company,  Quebec,  Que. 

Paper  presented  before  the  Quebec  Branch  of  The  Engineering  Institute  of  Canada,  January  14th,  1935. 

SUMMARY— The  author  notes  the  trend  towards  the  combination  of  power  development  with  flood  control;  deals  with  the  respective  advantages 
ot  steam  and  hydro-electric  development;  discusses  the  effect  of  various  types  of  load;  new  uses  for  electric  energy;  and  the  factors  affecting  the  location 
of  power  sites  and  the  control  of  their  water  supply. 


Various  estimates  have  been  made  of  the  potential 
water  power  available  in  the  world.  It  is  obvious  that  such 
estimates  must  be  at  the  best  only  guesses,  as  there  are 
many  rivers  of  which  little  is  known  as  regards  flow, 
profile,  etc.  Again  the  methods  of  calculation  vary,  as  to 
whether  minimum  or  six  months  or  average  flow  is  con- 
sidered, whether  total  head  or  only  suitable  heads  are  con- 
sidered, plant  effiiciency  and  other  features. 

A  table  pubhshed  in  1933,  gives  the  installed  capacity 
of  hydro-electric  plants  in  various  countries,  and  is  of 
interest  though  it  covers  only  a  fraction  of  the  potential 
power. 

Water  Power  Development  in  Countries  Having  an  Installed 
Capacity  in  Excess  of  100,000  Kilowatts 
Country  Rating,  kw.         Per  cent  of  total 

1.  United  States 11,800,000  30  06 

2.  Canada 5,256,000  13  39 

3.  Italy 4,348,000  11.08 

4.  Japan 3,151,000  8.03 


5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 


France 2,781,000 

Germany 2,300,000 

Switzerland 

Norway 

Sweden 1,400,000 

Spain 

Soviet  Russia 

Austria 

Brazil 

Finland 

India 

Mexico 

Great  Britain 

New  Zealand 

Jugoslavia 

Czechoslovakia 


7.08 


2,300,000 

5.86 

1,900,000 

4.84 

1,850,000 

4.71 

1,400,000 

3.57 

875,000 

2.23 

758,000 

1.93 

725,000 

1.85 

525,000 

1.34 

300,000 

0.76 

300,000 

0.76 

235,000 

0.60 

228,000 

0.58 

225,000 

0.57 

190,000 

0.48 

110,000 

0.28 

Total 39,257,000 


100.00 


In  1931  in  the  United  States  the  total  capacity  of 
generators  in  all  power  plants  both  hydraulic  and  steam, 
generating   electricity   for   public   use   was   slightly   over 
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36,000,000  kw.  Compared  with  the  above  table  it  appears 
that  the  hydro-electric  power  plant  installation  in  the 
United  States  was  only  about  one-third  of  the  total  installa- 
tion. 

In  Canada  the  greater  amount  of  power  is  developed  by 
hydraulic  means.  It  is  estimated  that  the  minimum  water- 
power  possibilities  of  the  Dominion  are  something  over 
twenty  million  horse  power  under  ordinary  minimum  flow 
and-  nearly  thirtj^-four  million  horse  power  for  six  months  of 
the  year.  The  installed  horse  power  at  the  end  of  1933  was 
7,332,000  h.p.  and  it  has  been  estimated  that  the  saving  in 
coal,  based  on  the  kilowatt-hour  output  of  the  plants  was 
nearly  15  million  tons. 

In  a  country  where  the  few  available  coal  deposits  are 
far  from  the  centres  of  industry  this  is  a  very  important 
factor. 

Trends  in  Htdko-Electric  Power  Development 

The  trend  in  hydro-electric  power  development  has 
been  interesting.  The  first  sites  to  be  developed  were  those 
prominent  falls  near  centres  of  population;  often  they  were 
falls  which  yielded  little  power,  but  enough  for  those  days. 
Then,  as  the  art  of  transmitting  power  advanced,  more 
remote  sites  were  developed,  gradually  increasing  in  size, 
but  still  the  really  large  sites  were  not  tackled.  For  a  while 
there  was  talk  of  developing  all  available  small  sites — five 
hundred  or  a  thousand  kilowatts  here  and  there  all  over  the 
country.  With  the  introduction  of  automatic  and  remote 
control  equipment  these  small  developments  became 
popular  due  to  their  low  operating  cost.  Then  came  the 
development  of  large  low  head  sites.  All  the  time  increasing 
attention  was  being  given  to  storage  and  river  flow  control. 
Recently  power  developments  have  been  combined  with 
navigation  projects,  as  in  the  St.  Lawrence  river,  and  with 
irrigation  and  flood  control,  as  the  Hoover  Dam  develop- 
ment on  the  Colorado  river. 

In  the  United  States  in  particular  the  idea  of  the  com- 
bination of  power  development  with  flood  control  and  irri- 
gation or  with  navigation,  has  taken  hold.  Such  sites  are 
invariably  costly  to  develop  from  a  purely  power  standpoint, 
and  would  not  be  attempted  were  not  state  aid  forthcoming. 
In  some  cases  the  state  pays  a  certain  amount  to  cover 
works  done  for  the  public  good.  In  other  cases  the  state  has 
shouldered  the  whole  burden  with  the  intention  of  profiting 
thereby.  An  ambitious  plan  is  now  under  way  in  the  Ten- 
nessee Valley,  where  the  United  States  government  is 
developing  a  large  water  power  and  establishing  flood 
control,  and  is  endeavouring  to  improve  the  lot  of  the 
population.  This  is  not  the  place  to  discuss  the  wisdom  or 
otherwise  of  such  a  policy.  It  is  certainly  true  that  the 
United  States  government  has  provided  the  means  and 
given  the  necessary  impetus  to  these  colossal  projects 
which  would  not  have  been  undertaken  by  any  private  cor- 
poration. 

For  any  private  corporation  the  undertaking  of  a 
hydro-electric  power  development  is  a  business  proposition 
which  must  pay  its  own  way.  However,  when  government 
aid  is  forthcoming  to  pay  for  those  features  of  the  under- 
taking which  are  for  the  public  good,  the  development  of 
power  sites  in  conjunction  with  irrigation,  flood  control 
and  navigation  projects  enables  power  to  be  obtained  at 
reasonable  cost  from  sites  that  would  otherwise  be  un- 
economical to  develop.  Some  of  the  figures  published  with 
regard  to  the  economics  of  such  developments  are  not 
convincing.  It  is  reasonable  to  assume  that,  if  a  site  be 
uneconomical  to  develop  for  power  purposes  alone,  but  be 
developed  in  connection  with  flood  control  and  irrigation 
or  navigation,  the  sale  of  power  alone  will  not  pay  for  the 
whole  project.  If,  however,  the  cost  be  divided  in  propor- 
tion to  the  value  of  each  feature,  the  whole  matter  may  be 
considered    intelligently. 


Steam  Versus  Hydraulic  Generation 

The  popular  belief  that  electricity  generated  by  means 
of  water  power  is  always  cheaper  than  that  generated  in 
steam  plants,  is  a  fallacy.  The  reason  is,  of  course,  the 
tremendous  capital  cost  of  hydraulic  works,  the  cost  of 
storage  water  as  an  operating  charge,  and  the  long  distances 
over  which  hydro-electric  power  usually  has  to  be  trans- 
mitted, involving  high  investment  in  transmission  lines,  and 
continuous  loss  of  power.  Except  in  special  cases  careful 
analysis  must  be  made  to  find  which  is  the  more  economical 
method  of  generation. 

There  are  certain  conditions  under  which  the  develop- 
ment of  water  power  sites  is  obvious,  as  there  are  others 
under  which  there  is  no  choice  as  there  are  no  hydro- 
electric sites  available.  There  are  many  cases  in  which  only 
estimates  of  the  construction  and  operating  costs  of  the 
two  schemes  will  reveal  which  is  the  cheaper.  Given  equal 
cost  there  are  other  factors  to  be  taken  into  account,  such 
as  the  possibility  of  increasing  capacity,  obsolescence,  etc. 

The  various  important  factors  governing  the  choice  of 
plants  are  tabulated  below.  Each  type  has  inherent  ad- 
vantages and  disadvantages,  and  all  must  be  given  con- 
sideration. 

Steam  Plants 
Advantages  Disadvantages 

Usually  lower  cost  of  installation.         Rapid  obsolescence  due  to  im- 
Ease  of  expansion.  provements  in  science. 

Nearness  to  load  centre.  Necessity  of   transporting  large 

quantities  of  fuel. 
Less  reliability. 

Difficulty  in  obtaining  sufficient 
condensing  water. 

Hydro-Electric  Plants 


Advantages 
No  fuel  charges. 
Less  rapid  obsolescence. 
Perpetual  life  of  hydraulic  works. 
Greater  reliability. 


Disadvantages 
High  cost  of  hydrauHc  works. 
Variable  stream  flow,  usually  at 

minimum  when  load  is  greatest. 
High  cost  of  storage  water. 
Usual  remote  locations  meaning 

costly  transmission   hnes  and 

power  losses. 
If  full  capacity  of  site  generated 

no    possibility    of    increasing 

capacity. 

Many  power  systems  are  composed  of  a  number  of 
interconnected  power  plants,  some  steam  and  some  hydrau- 
lic. There  are  certain  instances  of  steam  and  hydro  plants 
being  built  alongside  of  one  another.  One  such  plant, 
Holtwood,  is  worthy  of  notice. 

The  Susquehanna  river  has  a  great  range  in  flow,  and 
in  order  to  obtain  the  maximum  advantage  from  the  water 
available  at  the  plants  at  Holtwood  and  Safe  Harbor  a 
steam  station  was  built  alongside  the  Holtwood  station. 
Coal  for  the  steam  plant  is  dredged  from  the  forebay  of  the 
hydro  plant.  The  Susquehanna  river  flows  through  the 
Pennsylvania  anthracite  deposits  and  brings  down  particles 
of  coal  which  it  deposits  in  the  lower  reaches  of  the  river. 
It  is  estimated  that  there  are  over  ten  million  tons  of  coal 
deposited  in  the  bed  of  the  river  over  a  distance  of  eight 
miles.  The  steam  plant  is  designed  to  burn  this  fuel.  In 
this  particular  case  it  was  convenient  to  have  the  plants 
together.  Nearness  to  a  supply  of  coal  is  not  always  a 
governing  factor  in  the  location  of  a  steam  plant.  Although 
it  seems  almost  unbelievable,  it  has  been  repeatedly  shown 
that  it  is  cheaper  to  transport  energy  in  the  form  of  fuel 
than  to  transmit  the  electrical  energy  that  would  be 
generated  from  the  fuel,  particularly  if  a  long  haul  is 
involved.  For  large  steam  stations  the  availability  of  an 
adequate  supply  of  condensing  water  is  frequently  a 
governing  factor. 

A  point  that  comes  to  the  fore  in  considering  the  gigan- 
tic power  projects  being  undertaken  by  various  govern- 
ments is  that  of  obtaining  the  maximum  advantage  from 
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the  power  available.  None  of  the  plants  will  operate  at  one 
hundred  per  cent  firm  power.  That  is,  with  a  certain  in- 
stalled capacity  only  a  certain  percentage  may  be  considered 
as  being  available  at  all  times.  Figures  for  sdmu'  of  these 
projects  are  given  below. 

Hoover  Dam,  Colorado  river. ...    73  per  cent  firm  power 

St.  Lawrence  projects 50   "       "       "         " 

Kennett  Dam,  Sacramento  river    15    "       "       "         " 

There  are  two  ways  of  using  the  surplus  power  over 
these  percentages — either  by  providing  loads  that  may 
be  carried  only  when  the  power  is  available,  or  by  providing 
steam  standby  capacity  to  bring  up  the  amount  of  firm 
power  available. 

Now  the  cost  of  power  in  a  generating  station  can  be 
divided  into  two  parts — cost  of  readiness  to  give  service,  and 
actual  cost  of  service.  The  former  item  consists  of  the 
capital  invested  and  all  fixed  charges,  and  the  latter  the 
actual  cost  of  operation,  such  as  fuel,  labour,  etc.  Con- 
sidering a  hydro-electric  development  with  a  steam  standby 
to  bring  the  firm  power  up  to  the  full  installed  capacity 
of  the  hydro  plant,  the  cost  of  any  power  over  the  firm 
power  rating  of  the  hydro  plant  would  be  as  follows : 

Cost  of  power  above  firm  power  rating  of  plant 
equals  cost  of  readiness  to  give  hydro  service  plus  hydro 
operating  plus  cost  of  readiness  to  give  steam  service 
plus  steam  operation. 

Such  an  expression  looks  formidable  enough  but  the 
relationship  between  the  various  amounts  may  be  such 
that  the  total  is  less  than  for  straight  steam  generation. 

It  must  be  borne  in  mind  that  the  cost  per  horse  power 
of  hydro-electric  developments  is  increasing  and  will 
continue  to  increase;  whereas  the  cost  of  steam  generation 
is  decreasing  and  will  probably  continue  to  decrease  for 
some  time  to  come.  This  gives  the  steam  station  an 
increasing  advantage  over  the  hydro-electric  station.  Steam 
costs  decrease  due  chiefly  to  increasing  steam  efficiencies 
and  use  of  cheap  fuel.  An  example  of  this  is  that  in  1917 
a  plant  which  burnt  3.5  pounds  of  coal  per  kilowatt  hour 
was  considered  efficient.  The  present  average  consumption 
of  coal  in  the  United  States  is  1.4  pound  per  kilowatt  hour, 
with  a  number  of  plants  burning  less  than  a  pound  per 
kilowatt  hour. 

Hydro-electric  costs  are  mounting  due  to  remoteness 
of  sites  and  corresponding  high  construction  and  trans- 
mission line  costs,  and  large  loss  of  power  in  transmission. 
This  latter  is  being  reduced,  but  slowly.  Should  develop- 
ments be  undertaken  in  populated  country  the  cost  of 
property  and  flooding  rights  is  enormous. 

Available  and  Possible  Load 

In  any  undertaking  for  the  supply  of  electric  power 
there  are  many  factors  to  be  considered.  The  two  funda- 
mentals are  of  course  first,  a  demand  for  power,  and  second, 
an  available  source  of  supply.  As  some  considerable  time 
elapses  between  the  first  studies  and  the  completion  of  the 
work  it  is  first  of  all  necessary  to  make  a  study  of  the 
available  load  and  how  rapidly  it  will  increase,  so  as  to  know 
what  the  demand  will  be  when  the  undertaking  is  completed, 
and  also  to  see  how  long  the  capacity  decided  upon  will 
last.  It  is  obviously  necessary  to  anticipate  the  load  for 
several  years. 

Having  determined  what  the  load  will  be  at  various 
times  in  the  future  it  is  necessary  to  decide  what  capacity 
is  to  be  installed.  Just  as  it  is  wise  to  provide  for  a  certain 
period  in  advance  it  is  also  foolish  to  build  too  far  in  ad- 
vance. However,  if  a  hydro-electric  development  is  con- 
templated it  may  not  be  economical  to  build  to  a  certain 
capacity  determined  by  the  load  owing  to  the  necessity  of 
building  works  at  one  time  sufficient  for  the  full  capacity  of 


the  site.  In  such  cases  the  turbines  and  electrical  equip- 
ment necessary  to  produce  power  over  and  above  the  initial 
installation  warranted  by  the  available  load  cost  a  relatively 
small  part  of  the  total  job.  ('onsecjuently  if  the  load  can 
be  increased  the  unit  cost  of  energy  will  go  down.  There 
are  three  types  of  load  that  can  be  built  up.    These  are  — 

(a)  Firm  power,  that  is  power  sold  at  a  certain  rate 
which  the  customer  may  use  whenever  he  wishes,  and  which 
is  always  available; 

(6)  Off-peak  power,  that  is  power  sold  at  a  lower  rate 
but  which  may  only  be  used  at  certain  hours  of  the  day,  to 
fill  in  between  the  peak  loads  and  keep  up  the  load  factor 
of  the  plant. 

(c)  Dump  power,  which  is  sold  at  very  low  rates, 
usually  in  large  blocks,  and  which  may  be  curtailed  at  any 
time  that  the  power  company  wishes.  This  is  surplus 
power  sold  to  various  industries  for  process  work  at  a  rate 
low  enough  to  compete  with  their  existing  means  of  supply, 
and  yet  at  a  rate  sufficient  to  cover  the  investment  charges 
on  the  development.  This  power  can  be  cut  off  due  to 
shortage  of  water  or  due  to  equipment  being  out  of  service, 
or  when  the  firm  power  load  builds  up  sufficiently  so  that  the 
power  may  be  put  to  work  more  profitably.  In  addition  to 
helping  to  carry  the  charges  during  the  time  that  the  firm 
power  load  is  being  built  up  this  sort  of  load  is  of  great  help 
during  bad  times  when  the  firm  power  load  falls  off  appre- 
ciably. 

New  Uses  for  Electric  Energy 

Contrary  to  the  general  impression,  electric  power  is  a 
commodity  for  which  a  market  must  be  found.  Potential 
buyers  must  be  convinced  that  it  is  of  use  to  them,  and  they 
must  be  persuaded  to  buy  it.  Of  course,  a  certain  amount 
of  energy  is  sold  as  a  matter  of  course  for  lighting  and 
sundry  purposes,  but  in  order  to  sell  power  at  a  low  rate, 
and  at  the  same  time  operate  at  a  profit  a  company  must 
have  a  fairly  concentrated  load,  and,  according  to  the  size 
of  the  company,  a  heavy  load.  In  order  to  obtain  load  the 
public  must  be  educated  to  the  use  of  electricity,  and  at  the 
same  time  devices  must  be  produced  that  will  consume 
current  and  be  attractive  to  the  consumer.  The  author 
will  not  attempt  to  enumerate  the  many  new  applications, 
but  one  such  type  of  equipment,  the  electric  steam  genera- 
tor, which  has  undergone  considerable  development  in 
Canada  is  worthy  of  mention. 

One  of  the  great  industries  in  eastern  Canada  is  the 
manufacture  of  newsprint  paper.  It  is  an  industry  pecu- 
liarly adapted  to  the  country  as  two  principal  requirements 
are  wood  and  power.  The  mills  are  frequently  built  on 
rivers,  many  of  which  supply  sufficient  hydro-electric 
power  to  operate  the  mills.  Often  the  wood  is  cut  in  the 
basin  of  the  same  river  and  floated  or  "driven"  down  to  the 
mill.  The  power  is  used  principally  in  grinding  the  wood 
to  a  pulp,  and  to  drive  the  machinery  in  the  mill.  The 
usual  rule-of-thumb  method  of  calculation  allows  50  to  75 
horse  power  per  ton  of  paper  per  day;  that  is,  a  mill  pro- 
ducing 200  tons  of  newsprint  a  day  would  use  about  ten 
to  fifteen  thousand  horse  power.  In  addition  to  power 
a  great  deal  of  steam  is  required  for  use  in  various  pro- 
cesses and  in  drying  the  paper. 

The  difficulty  of  finding  something  to  do  with  the  idle 
capacity  in  newly-built  hydro-electric  plants,  where  there 
is  a  large  investment  not  earning  anything,  has  been 
largely  overcome  by  the  installation  of  electric  steam 
generators  which  take  surplus  power  at  rates  which  will 
supply  steam  at  slightly  less  than  by  coal,  but  which  may 
be  cut  off  at  short  notice.  The  application  of  these  electric 
boilers  has  not  been  limited  to  paper  mills,  but  they  are 
installed  in  a  variety  of  places  where  a  considerable  quan- 
tity of  steam  is  required. 

This  type  of  load  is  satisfactory  because  in  addition  to 
paying  the  carrying  charges  on  the  investment  in  hydraulic 
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plant  it  can  be  dropped  when  a  more  profitable  market 
appears,  and  from  an  operating  point  of  view  it  is  good 
because  it  is  a  purely  resistance  load. 

The  extent  to  which  this  boiler  load  has  been  built  up 
in  ten  years  is  shown  in  the  following  table  of  the  output 
of  Canadian  electric  stations: 

Year                                           1924  1933 

Total  output  kw.h 8,135,604,000  17,553,001,000 

Output  less  exports  and   boiler  con- 
sumption     6,572,798,000  12,955,237,000 

Exports 1,302,317,000  989,364,000 

Boiler  consumption 260,489,000  3,608,400,000 

The  domestic  firm  power  consumption  has  doubled,  the 
exported  power  has  diminished,  and  the  boiler  power  con- 
sumption has  increased  from  an  almost  negligible  quantity 
to  over  twenty  per  cent  of  the  total  consumption.  This 
result  has  been  obtained  by  active  development  and  sales- 
manship by  the  power  companies  concerned. 

The  question  as  to  the  practicability  of  domestic 
heating  by  means  of  electricity  has  been  given  attention. 
As  far  as  the  direct  use  of  electricity  by  space  heaters,  or 
by  conversion  into  steam  or  hot  water  is  concerned  it 
seems  unlikely  that  much  will  be  done  in  cold  climates, 
except  in  a  few  places  where  power  is  exceptionally  cheap. 
However  in  more  temperate  climates  there  may  be  distinct 
advantages.  It  is  possible  that  the  so-called  "heat  pump" 
or  reversed  refrigeration  may  be  made  at  a  sufficiently  low 
price  to  make  it  adaptable  to  residential  heating.  In 
temperate  climates  where  the  winter  temperatures  are  not 
extremely  low  and  the  summer  temperature  is  high  a  com- 
bined heating  and  cooling  plant  would  be  of  great  use.  At 
the  present  stage  of  development  these  heat  pumps  can 
supply  heat  at  about  one-half  the  cost  of  direct  electrical 
heating,  and  at  about  twice  the  cost  of  heating  by  use  of 
various  fuels,  but  of  course  the  cost  of  the  equipment  is 
high. 

Location  of  Power  Sites 

In  order  to  get  the  maximum  benefit  from  the  available 
head  in  any  river  it  is  often  necessary  to  survey  a  long 
section  of  the  stream  under  consideration,  and  possibly 
choose  a  number  of  sites  with  a  view  to  successive  develop- 
ment with  ultimate  use  of  the  total  available  head.  Just 
picking  out  a  suitable  fall  and  developing  it  has  been  done 
in  many  cases  with  the  result  that  the  maximum  power  has 
not  been  developed.  However  the  location  of  a  power 
development  does  not  depend  entirely  upon  the  profile 
of  the  river  and  the  topography  of  the  surrounding  coun- 
try, but  a  number  of  other  factors  must  be  considered. 
An  interesting  example  of  what  can  be  done  by  thorough 
investigation  of  a  long  stretch  of  river  has  been  described 
in  a  paper  by  C.  R.  Lindsey,  m.e.i.c* 

The  St.  Maurice  river  has  a  drainage  basin  of  approx- 
imately 16,000  square  miles  in  area,  and  over  a  distance  of 
188  miles  has  a  fall  of  1,138  feet.  Of  this  total  drop  636  feet 
is  comprised  in  ten  distinct  falls,  and  the  balance  is  ac- 
counted for  by  various  rapids.  In  the  lower  reaches  of 
the  river  four  plants  had  been  installed  up  to  1928,  using  380 
feet  of  head.  The  Shawinigan  Water  and  Power  Company 
controlled  285  feet  of  this  head  with  an  installed  capacity  of 
674,000  h.p.  In  1928  the  company  was  granted  rights  on 
the  upper  reaches  of  the  river  over  a  distance  of  89  miles, 
and  comprising  a  total  fall  of  630  feet.  Of  this  total  fall 
only  150  feet  was  concentrated  in  two  major  falls.  The 
problem  was  to  use  as  much  of  this  available  head  as 
possible  in  the  most  economical  manner.  The  scheme 
finally  adopted  made  use  of  a  total  of  623  feet  head  in  six 
plants,  with  a  total  installed  capacity  of  1,208,000  h.p. 
With  the  completion  of  these  plants  the  water  will  be  used 
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ten  times  in  its  course  down  the  river,  and  a  total  of  1,003 
feet  of  the  theoretical  available  head  of  1,138  feet  will  be 
utilized.  Apart  from  using  all  the  available  head,  the 
arrangement  of  having  the  tailwater  of  one  plant  discharge 
directly  into  the  forebay  of  the  plant  below  drowns  out 
rapids  where  in  cold  weather  frazil  ice  forms.  This  is  an 
important  operating  advantage. 

The  preliminary  work  for  this  proposed  hydro-electric 
development  necessitated  surveys  for  possible  hydro- 
electric developments  at  nineteen  locations,  comprising 
thirty-nine  possible  heads,  and  flata  relative  to  such  parts 
of  railway  location,  timber  limits,  and  depots,  Indian 
reservations  and  fish  and  game  clubs  as  would  eventually 
come  within  the  flooded  areas.  In  the  study  of  this  informa- 
tion fifty-one  various  schemes  were  given  consideration  and 
comparative  estimates  made,  and  as  a  result,  plans  for  six 
developments  were  submitted  to  the  government  and  given 
approval. 

Water  Supply 

In  the  preceding  discussion  it  has  been  assumed  that 
the  river  under  development  has  a  regular  and  sufficient 
flow  of  water.  Such  cases  are  extremely  rare,  however, 
and  the  rivers  of  eastern  Canada,  with  the  exception  of  the 
St.  Lawrence,  have  extremely  variable  flow.  Many  of  the 
rivers  in  the  province  of  Quebec  have  a  flood  over  a  hundred 
times  that  of  the  minimum  flow.  Usually  the  minimum  flow 
will  only  supply  a  small  proportion  of  the  normal  output  of 
the  plant,  consequently  it  is  desirable  to  find  some  means  of 
increasing  the  natural  minimum  flow. 

The  amount  of  power  which  may  be  generated  at  any 
given  site  depends  directly  upon  the  head,  and  the  amount 
of  water  available.  On  most  streams  or  sections  of  streams 
that  are  in  populated  country  river  flow  and  precipation 
records  are  available,  but  when  more  remote  sites  are  con- 
templated often  the  information  obtainable  is  slight. 

In  considering  the  flow  of  any  stream  there  are  two 
things  to  consider,  first,  the  natural  flow,  and  secondly  the 
possibilities  for  regulation  of  flow.  The  first  is  obtained 
either  from  existing  hydrographic  records,  extending  pre- 
ferably over  a  long  period  of  years,  or  from  observations 
taken  during  the  preliminary  investigation.  Where  accurate 
information  over  a  long  period  is  available  for  one  part  of 
a  river,  readings  taken  in  another  section  over  a  short  period 
can  be  fairly  safely  co-ordinated.  The  natural  flow  of  a 
stream  depends  chiefly  upon  the  area  of  the  drainage  basin, 
the  precipitation,  the  geological  structure  of  the  ground, 
natural  storage  in  the  form  of  lakes,  and  the  degree  of 
afforestation.  This  last  has  a  very  pronounced  effect,  as  a 
sparsely-wooded  watershed  with  a  large  area  of  lakes  has, 
other  things  being  equal,  a  much  more  regular  flow  than  one 
that  has  no  lakes. 

The  St.  Lawrence  river  is  an  extremely  well-regulated 
stream,  as  the  maximum  flow  is  only  about  double  the 
minimum.  This  is  accounted  for  by  the  fact  that  the 
Great  Lakes  act  as  shock  absorbers  and  store  excessive 
floods  and  later  give  up  this  water  to  the  lower  river.  The 
Great  Lakes  system  forms  the  greatest  natural  reservoir  in 
the  world.  To  regulate  smaller  streams  it  is  necessary  to 
form  artificial  reservoirs  which  are  allowed  to  fill  during 
times  of  flood  and.  from  which  the  impounded  water  is 
released  when  necessary. 

By  artificial  regulation  much  can  sometimes  be  done  to 
improve  the  flow  of  streams,  in  particular  with  regard  to 
minimum  flow  conditions.  There  are  many  rivers  which 
have  their  sources  in  systems  of  lakes  some  of  which  are 
suitable  for  damming  for  storage  of  flood  water.  However 
it  takes  a  great  deal  of  stored  water  to  make  much  difference 
to  the  flow  of  a  stream.  A  flow  of  1,000  second  feet  for  a 
period  of  four  months,  would  require  a  reservoir  twenty- 
five  square  miles  in  area  and  fifteen  feet  deep.  The  ideal 
place  at  which  to  store  water  is  at  the  place  at  which  it  is 
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to  be  used.  If  there  be  sufficient  capacity  the  maximum 
advantage  is  then  obtained,  because  advantage  is  taken  of 
the  whole  drainage  area  tributary  to  the  river  at  the  site  of 
the  development.  This  is  the  condition  at  the  Boulder  Dam 
where  two  years  flow  of  the  river  can  be  impounded,  but 
this  cannot  always  be  achieved.  Apart  from  topographical 
conditions  at  power  sites  frequently  the  cost  of  flooding 
rights  would  be  so  high  as  to  be  prohibitive.  Usually  the 
storage  has  to  be  done  far  up  the  rivers. 

Much  important  work  has  been  done  in  this  way  by 
the  Quebec  Streams  Commission  and  the  power  companies. 
Considering  the  St.  Maurice  river  watershed  again,  a 
reservoir  of  nearly  four  million  acre  feet  capacity  has  been 
formed  by  the  building  of  the  Gouin  Dam,  and  another 
large  storage  basin  behind  the  dam  at  Toro  Rapids.  The 
result  has  been  that  plants  that  would  otherwise  have  had 
a  very  limited  output  during  low  water  are  able  to  deliver 
all  the  power  required.  The  actual  minimum  unregulated 
flow  of  the  St.  Maurice  river  is  in  the  neighbourhood  of  6,000 
c.f.s.  and  the  flow  can  now  be  regulated  to  a  minimum  of 
18,000  c.f.s. 

The  results  achieved  in  many  cases  are  little  short  of 
marvellous.  It  is  claimed  that  at  the  Gatineau  river  plants 
of  Paugan  Falls,  Chelsea,  and  Farmers  Rapids,  for  several 
years  no  water  has  gone  down  the  river  except  that  which 
has  actually  gone  through  the  turbines.  However  storage 
water  costs  money.  If  the  storage  works  are  built  by  the 
Quebec  Streams  Commission  the  cost  of  the  works  is  paid  in 
the  form  of  an  annual  rental,  if  they  are  built  by  the  power 
companies  it  comes  to  much  the  same  thing  as  there  is  the 
interest  and  depreciation  to  look  after  as  well  as  the  actual 
operating  costs.  The  existence  of  large  storage  possibilities 
near  the  head  waters  of  a  river  may  however  justify  a  large 
expense  in  making  use  of  these  possibilities  because  the 
maximum  amount  of  use  may  be  obtained  from  the  water 
impounded,  as  it  can  be  used  over  and  over  again  on  its 
way  down  the  river. 

Geological  Considerations 

In  conjunction  with  other  considerations  governing  the 
location  of  a  dam  comes  the  important  matter  of  founda- 
tions. Without  an  investigation  of  the  geological  features 
of  a  river  serious  errors  might  enter  into  the  calculations. 

As  stated  by  R.  F.  Legget,  a.m.e.i.c,  in  a  recent 
paper*: 

"It  is  perhaps  not  generally  appreciated  that  the 
erection  of  a  dam  to  retain  water  causes  more  interference 
with  natural  conditions  than  does  any  other  civil  engineering 
operation." 

"There  are  three  geological  problems  to  be  investigated 
in  connection  with  the  design  of  all  dams,  namely,  the 
ability  of  the  foundation  bed  to  support  the  superimposed 
load  proposed,  the  resistance  that  the  foundation  bed  will 
offer  to  the  increased  hydrostatic  pressure,  and  the  possible 
effects  of  the  creation  of  underground  hydraulic  gradients 
at  the  ends  of  the  dam.  A  fourth  problem  has  to  be  faced 
in  all  cases  where  earth  movement  has  occurred  at  any  sec- 
tion of  the  area  to  be  covered  by  the  dam,  in  determining 
how  far  the  effects  of  this  extend  in  the  adjacent  rock,  and 
in  assisting  in  the  selection  of  the  necessary  protective 
features  in  the  design." 

In  the  preliminary  work  on  the  Upper  St.  Maurice 
river  a  study  was  made  of  the  geology  of  the  country,  and 
when  suitable  dam  sites  were  found  an  electrical  prospecting 
method  was  used  to  determine  the  depth  of  bed  rock. 

In  the  location  of  the  present  Boulder  Dam  the  geology 
of  the  canyon  had  a  decided  bearing,  and  it  was  partly  due 
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to  the  nature  of  the  rock  that  the  dam  was  built  in  its 
present  location. 

Apart  from  the  dam  site  and  its  surroundings,  knowl- 
edge of  the  geological  features  of  the  area  to  be  flooded  is 
most  important.  Owing  to  the  presence  of  pervious  forma- 
tions the  leakage  from  a  reservoir  formed  })y  damming  a 
stream  might  be  so  great  as  to  materially  lessen  its  use- 
fulness. 

Construction  Organization 

Behind  all  large  undertakings  there  must  necessarily  be 
an  efficient  construction  force.  Good  organization  and 
management  of  the  construction  force  means  speed,  econ- 
omy and  dependability  of  construction,  and  is  therefore  an 
important  factor  in  the  success  of  any  enterprise. 

The  construction  organization  on  a  large  hydro-electric 
power  development  is  much  like  an  army  in  the  field,  about 
the  only  difference  being  that  nowadays  living  conditions 
must  be  better.  First  of  all  the  force  must  be  housed  and 
fed,  after  that  work  must  be  organized  so  that  there  is  a 
minimum  of  wasted  effort.  Possibly  the  most  important 
part  of  a  construction  force  like  an  army,  is  its  line  of  com- 
munications. There  must  be  an  unfailing  supply  of  rations, 
and  ammunition  in  the  form  of  materials  of  construction. 

This  business  of  moving  in  materials  is  probably  the 
greatest  problem  in  many  cases.  Sometimes  a  spur  railway 
hne  may  be  run  in  to  the  site,  but  frequently  the  expense  is 
too  great  in  comparison  with  the  total  cost  of  the  job,  due 
to  the  remoteness  of  the  site,  so  other  means  must  be 
resorted  to. 

In  the  more  remote  parts  of  the  provinces  of  Ontario 
and  Quebec  often  the  simplest  way  is  to  bring  the  material 
in  in  winter  over  snow  roads.  As  in  some  parts  of  the 
country  there  is  a  great  deal  of  muskeg,  material  can  often 
be  brought  in  comparatively  easily  in  winter  when  every- 
thing is  frozen  solid,  whereas  in  summer  it  would  be  impos- 
sible without  the  construction  of  solid  roads.  The  trans- 
formers for  the  Matachewan  substation  in  Northern 
Ontario  were  brought  in  in  winter.  Their  full  weight  was 
twenty-six  tons  each,  but  this  was  reduced  to  fifteen  tons 
by  replacing  the  oil  with  nitrogen.  Even  fifteen  tons  is  a 
fair  weight  when  it  has  to  be  hauled  over  twenty-six  miles 
of  snow  roads.  Most  of  the  material  for  the  transmission 
line  from  Lake  St.  John  to  Quebec  was  taken  in  in  winter, 
as  at  the  time  of  construction  the  present  road  through  the 
Laurentide  Park  was  nothing  but  a  trail. 

For  larger  jobs  more  permanent  arrangements  must  be 
made.  For  the  Rapide  Blanc  development  a  road  ten  miles 
long  was  built  from  the  Transcontinental  Railway.  The 
road  itself  was  unusual.  It  was  built  to  a  width  of 
twenty-two  feet,  of  which  ten  feet  was  concrete  and  twelve 
feet  gravel.  Loaded  vehicles  kept  to  the  concrete  strip. 
Everything  for  the  construction  of  the  plant  with  the 
exception  of  crushed  stone  and  gravel  had  to  be  hauled  over 
that  road,  the  whole  amounting  to  about  one  hundred 
thousand  tons.  During  the  winter  the  road  was  kept  open 
to  automobile  traffic.  The  heaviest  pieces  brought  in  over 
this  road  were  the  transformers.  The  normal  weight  of  the 
transformers  was  188  tons  each,  but  this  was  reduced  for 
shipping  purposes  to  107  tons  by  replacing  the  oil  with  gas. 

Conclusion 

The  author  has  endeavoured  in  this  paper  to  give  some 
idea  of  the  problems  to  be  encountered  when  any  hydro- 
electric power  development  is  under  consideration.  The 
science  of  hydro-electric  power  engineering  has  made  great 
advances  in  recent  years,  but  the  difficulties  to  be  sur- 
mounted become  greater  all  the  time.  The  engineering 
profession  has  also  increased  its  knowledge  and  it  is  hard 
to  conceive  of  any  problem  that  will  remain  unsolved  for 
long. 
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Modern  Welding  Methods 

The  rapid  development  of  electric  arc  and  other  fusion 
welding  processes  during  the  last  few  years  has  given  rise 
to  many  interesting  technical  problems,  while  the  em- 
ployment of  these  methods  is  having  a  profound  influence 
on  many  branches  of  engineering  work.  The  application  of 
the  welding  art,  however,  tended  at  first  to  run  ahead  of 
the  advances  in  theory  and  research,  so  that  in  some  cases 
processes  have  been  used  without  proper  knowledge  of 
their  limitations  and  the  underlying  principles  involved  in 
their  employment.  This  condition,  though  it  existed  to  a 
limited  extent  in  the  earlier  stages,  has  been  and  is  being 
corrected,  and  success  is  being  reached  by  methods  based 
on  increased  knowledge  of  the  metallurgy  of  the  materials 
employed  and  systematic  investigation  of  their  properties 
and  micro-structure.  At  the  same  time  it  has  been  neces- 
sary to  work  out  the  radical  changes  in  design  which  the 
employment  of  welding  has  required  in  many  structures 
and  machines,  and  which  must  be  based  on  a  working 
knowledge  of  the  possibilities  of  the  processes  employed. 
The  development  has  further  involved  the  training  of  a 
new  type  of  craftsman,  the  welder,  whose  skill,  while 
certainly  not  less  than  that  of  the  old-time  blacksmith,  is  of 
quite  a  different  kind.  The  welder  now  has  to  meet  the 
exacting  requirements  and  tests  of  modern  construction. 
His  work  must  l)e  carried  out  under  rigid  supervision,  and 
his  manual  skill  nmst  be  of  a  high  order  if  the  results  are 
to  be  reliable. 

It  is  now  realized  that  in  a  fusion  weld  conditions  arise 
which  do  not  occur  in  any  other  form  of  joint.  For  example, 
l)oth  in  the  design  and  assembly  of  welded  work,  considera- 
tion must  be  given  to  the  avoidance  of  distortion,  and  the 


relief  of  any  internal  stresses  that  may  remain  when  the 
welds  are  finished.  Comparatively  small  variations  in  the 
operator's  technique  may  result  in  quite  serious  differences 
in  the  quality  of  his  joints.  The  control  of  the  welding 
current  in  arc  welding  depends  on  his  dexterity,  as  well  as 
on  the  suitability  of  the  electrical  equipment.  If  good 
work  is  expected  of  an  operator  he  must  \)e  pioperly  pro- 
tected against  burns;  his  comfort  must  be  considered,  and 
he  must  have  the  best  type  of  welding  screen,  since  he  has 
to  see  clearly  what  is  happening  in  a  welding  zone  whose 
area  is  perhaps  not  more  than  one-tenth  of  a  square  inch. 
Success  in  the  application  of  modern  arc  welding  methods 
involves  many  other  factors,  such  as  a  knowledge  of  how 
the  metallic  arc  behaves;  the  reactions  occurring  between 
the  arc,  the  parent  material,  the  electrode  and  its  covering; 
the  manner  in  which  the  electrode  metal  is  deposited,  and 
the  effect  of  all  these  on  the  mechanical  strength  of  the 
resulting  weld.  In  this  connection  it  has  been  necessary 
to  call  in  the  physicist  and  the  metallurgist.  Without  the 
information  obtained  by  their  detailed  studies  of  the 
metallic  arc,  and  their  investigations  of  the  micro-structure 
of  weld  metal  and  the  parent  material,  welders  would  still 
be  working  largely  in  the  dark,  and  welding  methods  could 
never  have  reached  their  present  stage  of  reliability.  They 
are  now  being  used  successfully  for  bridges  and  structural 
frames  and  for  pressure  vessels  carrying  very  high  pressures 
and  temperatures.  Confidence  in  their  use  has  been  gained 
through  exhaustive  tests  and  by  X-ray  and  electro-magnetic 
examination  of  the  interior  of  finished  welds. 

Thus  the  sphere  of  usefulness  of  modern  welding  is 
continually  being  extended,  and  an  appreciation  of  its 
capabilities  has  become  essential  for  engineers  of  all  branches 
of  the  profession.  The  paper  on  "Modern  Arc  Welding," 
which  is  printed  elsewhere  in  this  issue  of  The  Journal,  will 
therefore  be  welcomed,  for  it  presents  a  general  view  of  the 
present  state  of  the  art,  and  embodies  much  of  the  experience 
of  an  engineer  who  has  himself  been  actively  concerned  in 
many  of  the  developments  of  which  he  writes. 

His  observations  cover  the  essential  considerations 
which  must  govern  the  engineer  in  selecting  the  most 
suitable  process  and  equipment  for  any  given  piece  of 
work;  the  precautions  which  must  be  adopted  to  ensure 
rapidity  and  reliability  in  execution,  and  the  special  ways 
in  which  welded  work  must  be  designed  and  treated  to 
avoid  trouble  from  residual  stress.  Warnings  are  given 
as  to  certain  pitfalls  which  await  the  unwary  engineer  who 
is  not  familiar  with  the  limitations  imposed  by  the  nature 
of  the  welding  process.  Many  of  Mr.  Boyd's  rernarks, 
while  referring  specifically  to  arc  welding  work,  are  ap- 
plicable to  welds  executed  by  other  methods,  as  for  example, 
his  recommendations  regarding  the  measures  to  be  taken 
for  the  relief  of  stress,  the  systematic  training  of  welders  as 
craftsmen,  and  the  need  for  constant  supervision  and 
inspection. 

The  hesitation  shown  by  many  structural  and  mechan- 
ical engineers  in  adopting  welded  joints  and  connections  is 
apparently  not  so  much  due  to  lack  of  faith  in  the  welding 
process  as  now  carried  out,  as  to  a  desire  to  have  available 
records  of  long  experience  as  to  the  behaviour  of  welded 
structures  and  machine  parts  or  pressure  vessels  in  actual 
service.  When  this  experience  has  been  gained — and  it  is 
rapidly  accumulating — we  may  look  forward  to  a  much 
wider  and  more  rapid  development  of  welding  as  a  basic 
engineering  method. 

Mr.  Boyd's  article  is  based  on  the  addresses  which  he 
has  delivered  before  a  number  of  the  branches  of  The 
Institute,  and  in  conjunction  with  other  papers- which  have 
already  been  published  in  our  columns  or  which  will  follow, 
cannot  fail  to  be  of  interest  to  a  wide  circle  of  our  members. 
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The  Third  World  Power  Conference  1936 

Invitations  on  behalf  of  the  President  of  the  United 
States  were  issued  on  September  24th,  1935,  by  the  State 
Department  to  the  nations  of  the  world  to  participate  in 
and  send  delegates  to  the  Third  World  Power  Conference 
to  be  held  in  Washington  from  September  7th  to  12th, 
1936,  and  to  the  Second  Congress  of  the  International  Com- 
mission on  Large  Dams  to  be  held  concurrently  therewith. 

The  World  Power  Conference  was  organized  in  1923 
for  the  purpose  of  serving  as  a  medium  for  the  interchange 
of  data  and  experience  on  power  resources,  their  develop- 
ment and  use,  and  for  the  discussion  of  the  technical, 
economic  and  social  problems  associated  therewith. 

The  proposed  subject  recommended  for  consideration 
at  the  Third  World  Power  Conference  is  "The  National 
Power  Economy:  Physical  and  Statistical  Bases;  Tech- 
nical, Economic  and  Social  Trends;  Organization  of  Fuel 
Industries  and  of  Gas  and  Electric  Utilities;  Public  Regula- 
tion; National  and  Regional  Planning;  Conservation  of 
Fuel  and  Water  Resources;  Rationalization  of  Distribution; 
National  Power  and  Fuel  Policies." 

Plenary  meetings  of  the  World  Power  Conference  are 
held  every  six  years.  The  first  was  held  in  London  in  1924 
and  the  second  in  Berlin  in  1930.  It  is  the  third  of  these 
meetings  which  is  scheduled  to  be  held  in  Washington  in 
1936. 

Sectional  meetings  within  limited  geographic  areas  are 
held  between  the  larger  general  meetings.  One  such  sec- 
tional meeting  was  held  in  Basle  in  1926,  another  in  London 
in  1928,  a  third  in  Barcelona  and  a  fourth  in  Tokyo  in  1929. 
The  most  recent  of  the  sectional  meetings  was  that  held 
in  Stockholm  in  1933  under  the  joint  auspices  of  Sweden, 
Norway,  Denmark  and  Finland. 

In  addition  to  the  general  and  sectional  meetings  and 
the  publication  of  their  transactions,  the  World  Power  Con- 
ference, through  national  committees  designated  for  that 
purpose  and  through  special  committees,  engages  in  certain 
activities,  including  the  adoption  of  a  system  of  forms  for 
reporting  the  statistics  of  power  resources — annual  produc- 
tion, consumption,  import  and  export. 

The  Secretary  of  the  Canadian  National  Committee  of 
the  World  Power  Conference  is  Mr.  N.  Marr,  m.e.i.c. 
Dominion  Water  Powder  and  Hydrometric  Bureau,  Depart- 
ment of  the  Interior,  Ottawa. 

Highways  and  Motor  Vehicles  in  Canada 

An  interesting  report,  mainly  statistical  in  character, 
entitled  "The  Highway  and  the  Motor  Vehicle  in  Canada 
1934,"  has  been  received  from  the  Transportation  and 
Public  Utilities  Branch  of  the  Dominion  Bureau  of  Statis- 
tics. In  that  year  there  were  93,000  miles  of  surfaced 
roads  in  Canada,  over  half  of  which  were  in  Ontario,  the 
total  mileage  of  rural  roads  being  over  400,000.  Some 
ninety  per  cent  of  the  surfaced  mileage  was  gravelled. 
The  expenditure  on  construction  during  the  year  amounted 
to  more  than  forty-six  million  dollars,  and  nearly  twenty 
million  dollars  were  expended  in  maintenance.  Some 
10,000  miles  of  highways  were  kept  open  during  the  winter 
at  a  cost  of  about  half  a  million  dollars.  The  various 
provincial  highway  debts  totalled  four  hundred  and  sixty- 
two  million  dollars. 

The  registration  of  motor  vehicles  is  given  by  years, 
and  showed  a  continuous  and  rapid  growth  up  to  1931, 
when  the  first  decline  was  recorded,  an  upward  turn 
occurring  in  1934.  The  total  registration,  now  over  a 
million,  gives  an  average  number  of  persons  per  vehicle 
of  9.6  as  compared  with  4.9  persons  per  vehicle  m  the 
United  States.  Particulars  are  given  of  the  registrations 
by  provinces  and  municipalities,  there  being  some  542,000 


vehicles  in  Ontario  and  165,000  in  Quebec.  Montreal, 
although  larger  in  population,  has  only  60,000  passenger 
cars  as  compared  with  100,000  in  Toronto. 

As  regards  gasoline  consumption,  the  gross  sales  of 
gasoline  were  over  530  million  Imperial  gallons,  of  which 
479  millions  were  taxable,  at  a  rate  varying  from  8  cents 
per  Imperial  gallon  in  the  Maritime  Provinces  to  6  cents 
in  Quebec  and  Ontario. 

It  is  difficult  to  obtain  comprehensive  statistics  as  to 
motor  vehicle  accidents,  but  an  attempt  has  been  made  to 
get  comparative  figures  by  tabulating  the  average  number 
of  deaths  per  10,000  registered  motor  vehicles  for  the 
various  years  from  1926  onwards,  this  ratio  showing  a 
surprising  range,  from  3.28  in  Saskatchewan  to  over  17 
in  the  case  of  New  Brunswick.  The  report  notes,  how- 
ever, that  these  figures  are  of  somewhat  doubtful  value, 
as  they  give  no  weight  to  differences  in  use  of  vehicles, 
climatic  conditions,  density  of  population,  roads,  character 
of  cars,  and  other  factors  which  affect  the  accident  ratio. 

Some  interesting  data  follow  as  regards  the  entry  of 
tourist  automobiles,  and  the  motor  vehicle  regulations  of 
the  various  provinces  are  given,  together  with  a  summary 
of  the  various  requirements  as  regards  the  licensing  of 
public  vehicles.  The  report  will  be  found  of  value,  to 
everyone  interested  in  motor  traffic  in  Canada. 

List  of  Nominees  for  Officers 

The  report  of  the  Nominating  Committee  was  pre- 
sented to  and  accepted  by  Council  at  the  meeting  held  on 
October  18th,  1935.  The  following  is  the  list  of  nominees 
for  officers  as  prepared  by  the  Nominating  Committee  and 
published  for  the  information  of  all  corporate  members  as 
provided  by  Sections  68  and  74  of  the  By-laws. 

List  of  Nominees  for  Offvcers  for  1936  as  Proposed 
BY  THE  Nominating  Committee 

President:  E.  A.  Cleveland,  m.e.i.c.  Vancouver. 

Vice-Presidents: 

*Zone"B"  H.  F.  Bennett,  m.e.i.c.  Sault  Ste  Marie. 

R,  L.  Dobbin,  m.e.i.c.  Peterborough. 

F.  W.  Paulin,  m.e.i.c.  Hamilton. 

C.  M.  Pitts,  A. m.e.i.c.  Ottawa. 

*Zone"C"  A.  B.  Normandin,  m.e.i.c.  Quebec. 

*Zone"D"  H.  W.  McKiel,  m.e.i.c.  Sackville,  N.B. 

Councillors: 
tCape  Breton 

Branch  Y.  C.  Barrington,  a. m.e.i.c  Sydney  Mines,  N.S. 

XMondon  Branch     T.  H,  Dickson,  a. m.e.i.c.  Moncton. 

XQaebec  Branch         H.  Cimon,  m.e.i.c.  Quebec. 

\]Montreal  Branch     F.  S.  B.  Heward,  a. m.e.i.c.  Montreal. 

F.  Newell,  m.e.i.c  Montreal. 

XOllawa  Branch         R.  W.  Boyle,  m.e.i.c  Ottawa. 

A.  K.  Hay,  a. m.e.i.c  Ottawa. 
XPeterhorough 

Branch  A.  B.  Gates,  a. m.e.i.c  Peterborough. 

B.  Ottewell,  a. m.e.i.c  Peterborough. 
XHamilton  Branch    E.  P.  Muntz,  m.e.i.c  Hamilton. 
XNiagara  Peninsula 

Branch  W.  R.  Manock,  a.m. e. i.e.  Fort  Erie  North. 

E.  P.  Murphy,  a. m.e.i.c  Port  Colborne. 
XSault  Ste  Marie 

Branch  F.  Smallwood,  m.e.i.c  Sault  Ste  Marie. 

XWinnipeg  Branch   T.  C.  Main,  A. m.e.i.c  Winnipeg. 

XLethbridge  Branch  G.  S.  Brown,  a. m.e.i.c  Lethbridge. 

XCalgary  Branch       T.  Lees,  m.e.i.c  Calgary. 

H.  J.  McLean,  a. m.e.i.c  Calgary. 

XVictoria  Branch       H.  L.  Swan,  m.e.i.c  Victoria. 


*One  Vice-President  to  be  elected  for  two  years. 
JOne  Councillor  to  be  elected  for  two  years. 
tfTwo  Councillors  to  be  elected  for  three  years  each. 

Additional  Nominations 
Section  68  provides  also  that  "Additional  nominations 
for  the  list  of  nominees  for  officers  signed  by  ten  or  more 
corporate  members  and  accompanied  by  written  accept- 
ances of  those  nominated,  if  received  by  the  Secretary  on 
or  before  the  first  day  of  December,  shall  be  accepted  by 
the  Council  and  shall  be  placed  on  the  officers'  ballot." 
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OBITUARIES 

J,  E.  Noulan  Cauchon,  A.M.E.I.C. 

Members  of  The  Institute  will  learn  with  regret  of  the 
death  at  Ottawa,  on  October  28th,  1935,  of  J.  E.  Noulan 
Cauchon,  a.m.e.i.c. 

Born  at  Quebec,  Que.,  on  March  4th,  1872,  Mr. 
Cauchon  was  educated  at  St.  Boniface  College,  Manitoba, 
Point  Levis  College,  Quebec,  and  privately. 

Mr.  Cauchon  commenced  his  career  with  the  Quebec 
and  Lake  St.  John  Railway  at  an  early  age,  but  remained 


J.  E.  Noulan  Cauchon,  A.M.E.I.C. 

only  a  few  months  before  joining  the  staff  of  the  Canadian 
Pacific  Railway  Company  in  Montreal.  He  stayed  in  the 
service  of  the  Railway  for  more  than  twenty  years,  rising 
to  the  position  of  assistant  to  the  chief  construction  engi- 
neer during  the  road's  great  expansion  period.  He  ended 
this  service  in  1907  and  spent  the  next  two  years  as  assistant 
engineer  to  the  Board  of  Railway  Commissioners.  Mr. 
Cauchon  then  became  actively  interested  in  town  planning, 
and  subsequently  devoted  more  than  twenty-five  years  to 
that  subject,  becoming  an  internationally  known  authority. 

As  chairman  of  Ottawa's  Town  Planning  Commission, 
Mr.  Cauchon  sought  to  make  Ottawa  a  scientifically  land- 
scaped city  of  beauty  and  efficiency.  He  was  an  advocate 
of  the  hexagonal  system  of  town  planning  and  from  the 
first  realized  that  his  science  was  not  concerned  merely 
with  beautifying  towns  but  also  had  sociological  implica- 
tions. In  1916  Mr.  Cauchon  went  to  Hamilton  and  evolved 
a  scheme  for  a  joint  railway  entrance  and  union  station  for 
the  Grand  Trunk  and  Canadian  Pacific  Railways.  In  1917 
he  proposed  an  irrigation  and  cultivation  scheme  for 
Ontario  from  the  Grand  River  to  the  Niagara,  and  offered 
it  as  the  basis  for  soldier  settlement  schemes,  self-contained 
garden  cities  and  industrial  decentralization;  in  the  same 
year  he  undertook  the  valuation  of  the  Canadian  Northern 
Railway  terminals  across  Canada. 

In  1924  and  1925  Mr.  Cauchon  drew  up  zoning  laws 
for  Ottawa  designed  to  be  models  for  the  Dominion.  The 
next  year  he  was  appointed  technical  adviser  to  the 
Montreal  Town  Planning  Commission,  working  with 
Professor  P.  E.  Nobbs,  of  McGill  University,  and  drafting 
a  town-planning  and  zoning  act  for  Quebec.  During  most 
of  1929  Mr.  C'auchon  was  in  Europe  lecturing,  returning 
there  in  1931  as  a  delegate  to  the  International  Town 
Planning  and  Housing  Congress  in  Berlin.  In  1934  Mr. 
Cauchon  served  as  an  honorary  technical  adviser  and 
exp(!rt  witness  before  the  Parliamentary  Housing  Com- 
mittee. 

Mr.  Cauchon  was  a  past-president  of  the  Town  Plan- 
ning Institute  of  Canada  and  an  honorary  member  of  the 


Royal  Architectural  Institute  of  Canada.  He  was  Cana- 
dian corresponding  member  on  the  general  committee  of 
the  Town  and  Country  Planning  School  of  Welwyn, 
England. 

He  took  an  active  interest  in  Institute  affairs,  and  was 
chairman  of  the  Ottawa  Branch  in  1927  and  represented  that 
Branch  on  Council  m  1930  and  1931. 

Mr.  Cauchon  joined  The  Institute  (then  the  Canadian 
Society  of  Civil  Engineers)  as  an  Associate  on  April  14th, 
1904,  and  became  an  Associate  Member  on  April  17th,  1909. 

George  H.  Davis,  M.E.I.C. 

It  is  with  deep  regret  that  the  death  of  George  H. 
Davis,  M.E.I.C,  at  Toronto,  Ontario,  on  September  6th, 
1935,  is  placed  on  record. 

Born  at  Toronto  on  February  28th,  1881,  Mr.  Davis' 
entire  professional  career  was  with  the  Canadian  Pacific 
Railway  Company.  Joining  the  service  in  1905,  he  was 
engaged  on  the  preliminary  and  final  location  of  the  Geor- 
gian Bay  and  Seaboard  Railway;  and  in  1906-1907  on  the 
preliminary  location  of  the  Campbellville,  Lake  Ontario 
and  Western  Railway.  From  1907  until  1909  Mr.  Davis 
was  occupied  on  the  construction  of  the  Georgian  Bay  and 
Seaboard  Railway,  including  Port  McNicoll  terminal, 
docks  and  elevators,  and  later  in  1909  became  draughts- 
man for  the  division  engineer  of  construction,  at  Toronto; 
in  1909-1910  he  filled  the  same  position  with  the  district 
engineer  of  the  Ontario  district.  In  1910-1912  Mr.  Davis 
was  in  charge  of  construction  of  double  track  work,  and 
later  was  assistant  engineer  of  terminals  at  Toronto.  Id 
1912  he  was  appointed  division  engineer,  Toronto  Ter- 
minals, Ontario  District,  and  from  1913  until  1915  was 
assistant  district  engineer  of  Ontario  District,  being  made 
division  engineer,  Toronto  Terminals,  on  February  1st, 
1915.  In  May,  1915,  Mr.  Davis  became  assistant  district 
engineer,  Quebec  District,  at  Montreal  which  position  he 
held  until  1918  when  he  was  appointed  division  engineer, 
Toronto  Terminals.  From  August  1918  until  1920  Mr. 
Davis  was  assistant  district  engineer,  Quebec  District,  at 
Montreal,  and  in  1924  he  became  assistant  district  engineer, 
Ontario  District,  at  Toronto,  which  position  he  held  until 
the  time  of  his  death. 

Mr.  Davis  joined  The  Institute  as  a  Member  on  March 
25th,  1925. 

PERSONALS 

S.  J.  Hayes,  Jr.E.i.c,  has  been  appointed  lecturer 
in  engineering  at  the  Memorial  University  College,  St. 
John's,  Newfoundland.  Mr.  Hayes  was  formerly  located 
in  Toronto,  Ont. 

J.  W.  Gathercole,  Jr.E.i.c,  has  joined  the  staff  of 
Price  Brothers  Limited  at  Kenogami,  Que.,  as  steam  plant 
engineer.  Mr.  Gathercole  was  formerly  with  the  Canada 
and  Dominion  Sugar  Company  Ltd.,  Montreal. 

J.  L.  Pidoux,  Jr.E.i.c,  assistant  highways  engineer, 
Department  of  Public  Works,  Alta.,  Calgary,  who  graduated 
from  the  University  of  Alberta  with  the  degree  of  B.Sc, 
in  1934,  has  been  awarded  the  John  Bonsall  Porter  Scholar- 
ship for  1935-1936.  The  scholarship  is  open  to  graduate 
students  proceeding  to  the  degree  of  Master  of  Engineering 
in  civil  engineering  at  McGill  University. 

D.  L.  McLean,  a.m.e.i.c,  was  recently  appointed 
assistant  chief  engineer  of  the  Greater  Winnipeg  Sanitary 
District,  in  direct  charge  of  the  construction  of  $4,000,000 
worth  of  intercepting  sewers  and  a  disposal  plant.  Mr. 
McLean  graduated  from  McGill  University  in  1909  with 
the  degree  of  B.Sc,  and  following  graduation  became 
assistant  to  J.  B.  McRae,  m.e.i.c.  consulting  engineer, 
Ottawa,  and  later  was  assistant  chief  engineer  for  the 
International  Commission.  He  was  then  appointed  chief 
engineer  in  connection  with  the  water  power  surveys  of 
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the  Winnipeg  rivers,  being  carried  on  by  the  Dominion 
Water  Power  Branch,  Department  of  the  Interior.  Later 
Mr.  McLean  became  chief  engineer  of  the  Manitoba 
Drainage  Commission,  and  in  1922  he  was  appointed 
deputy  minister  of  pubhc  works  for  the  province  of  Man- 
itoba. In  1929  he  became  Manitoba  Power  Commissioner. 
In  1932  Mr.  McLean  was  appointed  chairman  of  a  Hydro- 
Electric  Power  Commission  appointed  by  the  Manitoba 
government,  in  addition  to  being  general  manager  of  the 
city  of  Winnipeg  Hydro-Electric  System.  Mr.  McLean 
has  taken  a  prominent  and  active  part  in  the  affairs  of  the 
Winnipeg  Branch  of  The  Institute  and  represented  it  on 
the  Council  of  The  Institute  in  1926  and  1927. 

E.  G.  Cullwick,  Jr. E. I.e.,  has  returned  to  the  University 
of  British  Columbia,  Vancouver,  as  associate  professor  of 
electrical  engineering.  Mr.  Cullwick  graduated  from  Cam- 
bridge University  in  1925  with  the  degree  of  B.A.  in  engi- 
neering, and  following  graduation  was  for  a  time  connected 
with  the  Canadian  General  Electric  Company  Ltd.  at 
Peterborough,  Ont.  He  was  then  appointed  assistant  pro- 
fessor in  electrical  engineering  at  the  University  of  British 
Columbia,  and  early  this  year  resigned  to  join  the  profes- 
sional staff  of  the  Military  College  of  Science,  Woolwich, 
England,  as  lecturer  in  electrical  engineering. 

C.  D.  Howe,  M.E.i.c,  managing  partner  of  C.  D.  Howe 
and  Company,  Port  Arthur,  Ont.,  who  was  elected  to  Par- 
liament as  Liberal  member  for  Port  Arthur  in  the  elections 
held  recently,  has  been  appointed  Minister  of  Railways  and 
Canals  and  Minister  of  Marine. 

Mr.  Howe  graduated  from  the  Massachusetts  Institute 
of  Technology  in  1907  with  the  degree  of  B.Sc,  and  was 
subsequently  assistant  in  the  structural  engineering  depart- 
ment of  the  same  university.  From  1908  until  1913  he  was 
professor  of  civil  engineering  at  Dalhousie  University, 
Halifax,  and  also  acted  as  a  consulting  engineer  on  impor- 
tant factory  and  warehouse  structures.  From  1913  until 
1916  Mr.  Howe  was  chief  engineer  of  the  Board  of  Grain 
Commissioners  of  Canada  and  was  in  charge  of  the  design 
and  construction  of  terminal  grain  elevators  at  Saskatoon, 


Burton  M.  Hill,  m.e.i.c,  was  elected  Member  of  Par- 
liament for  Charlotte  county.  New  Brunswick,  in  the 
general  election  recently  held. 

Mr.  Hill  graduated  from  the  University  of  New 
Brunswick   with    the    degree   of   B.Sc.    in    1907,    and   was 


The  Hon.  G.  D.  Howe,  M.P.,  M.E.I.C. 

Moose  Jaw,  Calgary  and  Vancouver.  In  1916  Mr.  Howe 
established  the  firm  of  C.  D.  Howe  and  Company,  con- 
sulting engineers,  at  Port  Arthur,  Ont.,  and  since  that  time 
has  designed  and  superintended  the  construction  of  many 
large  grain  elevators.  He  also  surveyed  the  grain  handling 
situation  in  the  Argentine  for  the  government  of  that 
country.  In  the  past  few  years  Mr.  Howe  has  travelled 
extensively,  studying  world  trade,  particularly  factors 
affecting  the  grain  business. 


Burton  M.  Hill,  M.P.,  M.E.I.C. 

subsequently  engaged  in  civil  engineering  work;  ten  years 
in  railroad  work  in  various  capacities  as  resident  engineer, 
divisional  engineer  and  chief  engineer  on  location  and  con- 
struction work.  In  1917  he  took  over  the  organization  of 
the  permanent  highway  department  for  the  province  of 
New  Brunswick,  and  occupied  the  position  of  chief  high- 
ways engineer  until  1925  when  he  was  taken  into  the  pro- 
vincial cabinet  of  New  Brunswick  as  minister  of  public 
works.  In  1929  he  was  made  one  of  the  commissioners  of 
the  Saint  John  Harbour.  Since  1931  Mr.  Hill  has  been 
managing  director  of  Consolidated  Diversified  Standard 
Securities,  Montreal. 

In  connection  with  Mr.  Hill's  election  it  is  interesting 
to  note  that  his  grandfather,  the  Hon.  George  S.  Hill,  was 
a  member  of  the  legislature  of  New  Brunswick  from  1830 
to  1848,  and  a  member  of  the  Legislative  Council  from 
1848  to  1858.  His  uncle,  the  Hon.  George  F.  Hill,  repre- 
sented Charlotte  county  in  the  legislature  of  New  Brunswick 
from  1865  to  1908,  twenty-five  years  of  which  he  was  a 
member  of  the  Legislative  Council,  and  was  president  of 
this  Council  at  the  time  of  its  dissolution. 

Elections  and  Transfers 

At  the  meeting  of  Council  held  on  October  18th,  1935, 
the  following  elections  and  transfers  were  effected : 

Associate  Member 

HUDSON,  Arthur  Magennis,  equipment  engr.,  Dept.  of  Northern 
Development,  Toronto,  Ont. 

Junior 
SANDWELL,  Percy  Ritchie,  B.A.Sc,  (Univ.  of  B.C.),  dftsman., 
Paper  Machy.  Dept.,  Dominion  F]ngineering   Works  Ltd.,   Montreal, 
Que. 

Transferred  from  the  class  of  Junior  to  that  of  Associate 
Member 

BEAM,  Donald  Carleton,  B.A.Sc,  (Univ.  of  Toronto),  struct'!, 
engrg.,  bldg.  dept.,  City  of  Toronto,  Ontario. 

JACKSON,  Charles  H.,  B.A.Sc,  (Univ.  of  Toronto),  production 
mgr.,  ammunition  divn.,  Canadian  Industries  Ltd.,  Brownsburg,  Que. 

MOORE,  Alexander  Glydon,  B.Sc,  (N.S.  Tech.  Coll.),  asst. 
supervisor,  underground  elect'l.  distribution,  Montreal  Light,  Heat  & 
Power  Cons.,  Montreal,  Que. 

WILLIS,  Reuben  Wesley,  B.Sc,  (Queen's  Univ.),  designing  engr. 
of  bridges,  dept.  of  works.  City  of  Toronto,  Ontario. 

WRANGELL,  Kjell  Frederick,  (Horten  Tekniske  Skole),  mech'l. 
engr.,  The  E.  B.  Eddy  Co.  Ltd.,  HuU,  Que. 
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Transferred  from  the  class  of  Stvdent  to  that  of  Associate 
Member 

LEGG,  John  Herbert,  B.Sc.,  (McGill  Univ.),  mill  supt.,  Aldermac 
Mines  Ltd  ,  Kiagara  Falls,  N.Y. 

MOFFAT,  Thomas  Stuart,  B.Sc,  (McGill  Univ.),  supt..  Pro- 
vincial Wood  Products  Co.,  Saint  John,  N.B. 

NICOLAISEN,  Juncker  Zelo,  B.Sc,  (Univ.  of  Durham),  Villa 
Egemaes,  E^pergaerde,  Denmark. 

PEEBLES,  Archibald,  B.A.Sc,  (Univ.  of  B.C.),  instructor,  dept.  of 
civil  engrg.,  University  of  British  Columbia,  Vancouver,  B.C. 

RHODES,  Donald,  B.Sc,  (McGill  Univ.),  district  engr.,  Bell 
Telephone  Company  of  Canada,  Sherbrooke,  Que. 

ROSS,  William  Bruce,  B.Sc,  M.Sc,  Ph.D.,  (McGill  Univ.),  lec- 
turer in  mathematics,  McGill  University,  Montreal,  Que. 

SHEARWOOD,  Alexander  Perry,  B.Eng.,  (McGill  Univ.),  asst. 
engr.,  National  Steel  Car  Corpn.,  Montreal,  Que. 

Transferred  from  the  class  of  Student  to  that  of  Junior 

ELLIOTT,  Lisgar  Webster,  B.Sc,  (Univ.  of  Alta.),  engr.,  receiver 
development  dept.,  Canadian  Marconi  Co.,  Montreal,  Que. 

McKAY,  Robert  Donald,  B.Sc,  (N.S.  Tech.  Coll.),  Graduate 
School  of  Engineering,  Harvard  Universitv,  Cambridge,  Mass. 

SKELTON,  Cecil  Hastings,  B.Sc,  (McGill  Univ.),  research  engr., 
Consolidated  Paper  Corpn.,  Three  Rivers,  Que. 

THOMPSON,  Frank  Lawrence,  B.Sc,  (N.S.  Tech.  Coll.),  tech. 
service  engr.,  Imperial  Oil  Ltd.,  Dartmouth,  N.S. 

TREMAIN,  Kenneth  Hadley,  (Grad.  R.M.C.),  B.Sc.  (McGill 
Univ.),  asst.  sales  mgr.,  The  Elias  Rogers  Co.  Ltd.,  Toronto,  Ont. 

Students  admitted 

BLOOM,  David,  B.Eng.,  (McGill  Univ.),  660  Querbes  Ave., 
Outremont,  Que. 

FRIGON,  Rosario,  B.A.,  (Ecole  Polytechnique,  Montreal),  169 
Sherbrooke,  St.  East,  Montreal,  Que. 

REGENT  ADDITIONS  TO  THE  LIBRARY 

Proceedings,  Transactions,  etc. 

Institution  of  Naval  Architects:  Transactions  1935. 

Society  for  the  Promotion  of  Engineering  Education:  Proceedings  of 

42nd  Annual  Meeting. 
Highway  Research  Board,  National  Research  Council:  Proceedings  of 

14th  Annual  Meeting,  1934. 

Reports,  etc. 

American  Society  for  Testing  Materials:  Year  Book  1935.     Supplement 

for  Book  of  Standards,  1935. 
Cancuta,  Dept.  of  Mines,  Mines  Branch:   Wood  Fuel   Burning  Tests, 

Malloch  and  Baltzer. 

Road  Gravels  in  Quebec,  R.  H.  Richer. 
Royal  Technical  College  Glasgow:  Calendar,  1935-36. 
American  Institute  of  Steel  Construction:  Annual  Report  1935. 
Canada,   Bureau  of  Statistics:  The   Highway   and    Motor   Vehicle   in 

Canada,  1934. 
Research  Council  of  Alberta:  Annual  Reports,  1932,  33  and  34. 

Technical  Books,  etc.  Received 

Industrial  Electronics,  by  F.  H.  Gulliksen  and  E.  H.  Vedder.     {John 

Wiley  and  Sons,  New  York.) 
Elements  of  Machine  Design,  by  D.  S.  Kimball  and  J.  H.  Barr.     {John 

Wiley  and  Sons,  New  York.) 
Materials  of  Testing,  J.  H.  Cowdrey  and  R.  G.  Adams.     {John  Wiley 

and  Sons.) 

BULLETINS 

Gear  Motors — A  16-page  bulletin  has  been  received  from  the 
Dominion  Engineering  Company  Ltd.,  Lachine,  Que.,  describing  and 
illustrating  the  line  of  gear  motors  manufactured  by  that  company. 
These  are  available  in  ratings  from  }4.  h.p.  to  40  h.p.  at  ratios  giving 
output  speeds  from  5,000  r.p.m.  down  to  10  r.p.m.  These  are  drive 
units  in  which  enclosed  gearing  and  an  electric  motor  are  so  arranged 
that  for  purposes  of  installation  the  assembly  may  be  considered  as  a 
single  piece  of  equipment.  Tables  indicating  correct  sizes  of  units  for 
giv(!n  horse  powers  and  ratios  are  included. 

Flashers  ami  Controls — -An  8-page  booklet  issued  by  Betts  and  Betts 
Corp.,  New  York,  N.Y.,  gives  particulars  of  their  high  speed  type 
flashers  and  controls  designed  to  operate  neon  tube  and  bulb  signs. 

Tube  Fabricating  Equipment — The  Parker  Appliance  Company, 
Cleveland,  Ohio,  have  issued  a  24-page  bulletin  describing  the  equip- 
ment used  in  the  fabrication  of  tubes. 

Hearings — A  llO-page  completely  indexed  catalogue  has  been 
received  from  Ran.some  and  Maries  Bearings  Canada  Limited,  Mont- 
real, which  includes  types  and  sizes  of  bearings  not  listed  in  the  older 
editions.  Engineering  data  is  furnished  on  ball  journals,  double  purpose 
bearings,  motor  cycle  bearings,  roller  journals,  thrust  bearings, 
mounting,  housings,  lubrication  and  tolerances  for  shafts  and  housings. 
Prices  are  given.    Copies  furnished  on  request. 


BOOK  REVIEWS 

Elementary  Structural  Problems  in  Steel  and  Timber 

By  Professor  C.  R.   Young,  M.E.I.C.    .John  Wiley  arul  Sons  lac,  .\<-ir 
York,  1935.     6  by  9}4  inches,  SIS  pages,  diagrams.     $Jf.OO.     Cloth. 

Reviewed  by  P.  L.  Pratley,  m.e.i.c* 

The  present  reviewer  finds  it  practically  impossible  to  describe 
with  the  aid  of  one  adjective  the  impressions  raised  by  a  perusal  of 
the  compilation  made  by  Professor  Young  under  the  above  title.  To 
the  engineer  continuously  engaged  in  the  solving  of  such  probleH)s, 
the  book  may  almost  be  classed  as  fascinating,  and  it  was  with  difficulty 
that  the  reviewer  refrained  from  attacking  all  the  exercise  problems 
given  at  the  end  of  each  section. 

To  the  young  graduate  engineer  interested  in  his  profession  and 
starting  out  in  a  designing  office  the  book  should  surely  be  useful, 
while  to  the  student  still  in  college  it  should  serve  as  a  most  valuable 
link  between  theory  and  practice  and  also  as  a  stimulant  encouraging 
the  reader  to  master  the  fundamental  principles  by  means  of  which 
the  various  problems  are  solved. 

There  is,  perhaps,  a  certain  latent  danger  in  suggesting  to  such 
a  student  that  all  problems  can  be  solved  as  simply  and  as  straight- 
forwardly as  those  in  the  book,  and  by  the  application  of  standard 
formultc.  It  is  manifestly  impossible  to  combine  with  such  a  selection 
of  practical  problems  the  theory  upon  which  the  solution  is  founded, 
and  references  are  accordingly  given  in  the  book,  at  certain  places, 
to  standard  texts  where  the  interested  student  may  find  the  demonstra- 
tion or  derivation  upon  which  the  quoted  formulae  are  built.  Never- 
theless, it  is,  in  the  reviewer's  opinion,  somewhat  risky  to  include 
without  explanation  such  formulae  as  number  23,  article  72,  page  75, 
as  the  necessity  and  effect  of  such  a  correction  factor  are  not  readily 
appreciated.  The  present  reviewer,  in  his  own  career,  has  never  before 
seen  such  a  factor  and  is  rather  inclined  to  regret  its  introduction. 

Generally  speaking,  the  problems  are  very  plainly  stated  and  the 
solutions  very  clearly  demonstrated,  and  insofar  as  the  word  "elemen- 
tary" enters  into  the  title  of  the  book,  the  number  and  nature  of  the 
problems  would  appear  to  be  very  wisely  selected.  Naturally,  there 
are  features  where  a  legitimate  difference  of  opinion  may  arise  as  to 
the  validity  of  assumptions  and  even  as  to  the  resulting  detail,  but 
these  are  very  few  considering  the  scope  of  the  work.  In  problem  94, 
for  example,  the  references  to  the  initial  stress  in  the  tie-rod  might 
well  be  disputed,  and  the  same  question  arises  in  problem  186.  In 
problem  122,  the  author  works  out  the  moment  of  inertia  of  a  plate 
girder  by  two  methods  and  finds  a  resulting  divergence  of  19.4  per 
cent.  Although  his  closing  paragraph  refers  in  a  casual  manner 
to  the  shape  of  his  plate  girder,  it  would  have  appeared  more 
logical  to  have  made  a  similar  comparison  for  the  more  usual  type 
where  the  divergency  is  nothing  like  19.4  per  cent.  This  comparison 
might  have  been  effected  in  the  succeeding  problem,  123,  where  in 
spite  of  the  assertion  made  toward  the  end  of  problem  122,  the  so- 
called  approximate  method  is  used.  On  page  176,  the  detail  of  the 
roof  truss  at  panel  point  Ul  is  decidedly  at  variance  with  good  shop 
practice  and  even  at  U5  a  top  cover  plate  would  normally  be  used 
instead  of  the  eight  rivets  on  the  4-inch  leg. 

The  odd  misprint  will  persist  in  appearing  in  such  technical  script, 
but  very  few  came  to  the  reviewer's  notice  while  reading  this  work. 
That  on  page  71  in  the  third  line  where  the  "multiplication"  sign  is 
used  for  the  "equals"  sign  might  be  a  little  troublesome  to  the  less 
experienced  reader.  On  page  91,  in  figure  52,  it  would  be  to  some  ad- 
vantage if  the  dimensions  from  the  neutral  axis  to  the  back  of  the 
angles  and  to  the  toes,  namely:  1.14  inch  and  2.36  inch,  were  incor- 
porated in  the  figure. 

As  is  undoubtedly  the  author's  intention,  the  book  will  find  its 
greatest  field  in  the  hand  of  the  young  engineer  just  beginning  to 
apply  his  theory  to  practice;  but  the  reviewer  feels  that  a  good  many 
ex-graduates  might  do  worse  than  tackle  some  of  the  exercise  problems 
as  a  means  of  keeping  themselves  in  touch  with  the  principles  which 
have  a  universal  application  but  which  are  sometimes  violated  by  those 
who  should  know  better.  In  this  manner.  Professor  Young's  book 
might  perform  a  very  useful  service  in  the  maintenance  field  by  pre- 
serving the  engineer's  acquaintance  with  the  fundamental  theories 
upon  which  his  formulae  are  based.  In  the  reviewer's  opinion  the 
acquaintance  with  the  principles  is  of  much  more  importance  than 
the  memorizing  of  formulae  or  extracting  them  from  a  textbook,  and 
one  of  the  best  methods  to  maintain  an  appreciation  of  the  principles 
is  to  apply  them  to  such  problems  as  Professor  Young  outlines. 

'Monsarrat  and  Pratley,  Consulting  Engineers,  Montreal. 

Practical  Designing  in  Reinforced  Concrete 
Part  III 

By  M.  T.  Cantell.    E.  and  F.  N.  Span,  Limited,  London.    1935.    5}4  by 
8^  inches,  221  pages,  photos,  diagrams,  tables.    12/6.    Cloth. 

Reviewed  by  J.  F.  Brett,  a.m.e.i.c.'* 

The  book  begins  with  an  elementary  chapter  on  tall  chimneys, 
seven  pages  being  devoted  to  this  subject.     Then  follows  a  six-page 
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chapter  on  dauis,  where  the  author  gives  some  historical  data  and 
hriofiy  discusses  the  principal  features  of  gravity  and  Amburscn  dams 
without  atteinpting  to  go  into  design. 

Heam  bridges  is  the  title  of  the  next  chaptei-,  and  here  the  author 
elaborates  a  little  more,  tlie  data  given  being  still  elementary.  There 
is  a  worked-out  example  of  a  HO-foot  bridge.  On  page  20  it  is  stated 
that  l)ridge  sidewalks  are  generally  designed  for  a  live  load  of  1.50 
pounds  per  square  foot,  an  erroneous  assumption. 

Over  one  hundred  pages  are  devoted  to  the  treatment  of  arches 
and  arch  bridges.  The  graphic  and  elastic  methods  are  both  given  and 
elaborated  by  worked-out  examples:  the  data  given  here  are  in  general 
sufficiently  thorough  to  be  of  value  in  designing.  The  reviewer,  how- 
ever, wishes  to  draw  attention  to  page  28,  where  it  is  stated  that  "the 
centre  line  of  arch  is  called  the  neutral  axis  or  neutral  surface  curve" 
and  would  emphasize  that  the  arch  axis  is  not  the  neutral  axis  in  a 
reinforced  concrete  arch. 

In  the  chapter  dealing  with  temperature  shortening  and  moisture 
stresses  in  arches,  page  43,  the  now  well-known  phenomena  of  time 
flow  should  have  been  described  in  connection  with  shrinkage  and 
other  volume  charges,  since  the  influence  of  the  former  is  perhaps  the 
most  important. 

There  is  a  chapter  on  hinged  arches,  where  some  forms  of  hinges 
and  temporary  hinges  are  mentioned,  but  no  design  data  are  given. 

The  author  then  touches  on  skew  arched  bridges,  devoting  less 
than  five  printed  lines  to  the  subject.  Besides  the  mere  statement 
that  they  are  designed  in  the  same  way  and  by  the  same  formula;  as 
square  arched  spans,  the  reviewer  feels  that  the  reader's  attention 
should  have  been  drawn  to  the  important  stresses  caused  by  the  con- 
dition of  skew,  neglect  of  which  has  been  the  cause  of  many  failures. 

Arch  abutments,  unsymmetrical  arches,  arched  conduits  and  box 
culverts  are  then  discussed,  sufficient  data  being  given  in  these  chapters 
for  designing  the  simpler  cases. 

Influence  lines  for  fixed  arches  are  next  dealt  with  in  a  separate 
chapter.  The  method  here  used  is  based  on  the  general  method  of 
analysis  by  the  elastic  theory  as  developed  by  Turneaure  and  Maurer 
which  the  author  explains  when  dealing  with  concentrated  loads. 
A  short  treatment  of  the  arched  conduit  and  the  box  culvert  follows. 

The  author  then  passes  on  to  what  he  calls  "rigid  structures" 
including  under  this  item  continuous  beams  and  rigid  frames.  Some 
thirty-four  pages  are  devoted  to  the  subject,  several  worked-out  examples 
being  given.  The  methods  of  analysis  employed  are  the  elastic  theory 
and  the  moment  distribution  method  of  Professor  Hardy  Cross.  The 
data  here  presented  may  serve  as  a  good  introduction  to  the  study  of 
monolithic  structures. 

There  is  a  chapter  on  concrete  dome  design  well  worth  reading, 
and  another  one,  the  last,  on  earthquake  resisting  structures,  which 
includes  valuable  data  from  direct  observation  and  a  rational  method 
of  design.  Basic  formulae  pertaining  to  arches  are  given  in  the  appendix, 
some  eleven  pages  being  devoted  to  these. 

It  is  certainly  no  easy  task  to  attempt  to  cover  the  structural 
features  of  so  many  different  types  of  structures  within  the  compass 
of  a  demy  8vo  book  of  some  two  hundred  pages.  This  explains  the 
rather  short  treatment  of  some  of  them.  Many  of  the  chapters,  how- 
ever, contain  a  great  deal  of  valuable  practical  information  and  in  any 
ca.se  the  volume  will  serve  as  a  useful  introduction  to  the  subject. 

The  reproduction  of  a  number  of  working  drawings  showing  the 
general  arrangement  of  reinforcing  steel  would  add  to  the  value  of  the 
book. 


'Division  Engineer,  Montreal  Water  Board,  Montreal. 

The  Story  of  the  Tunnelling  Companies  R.E. 

by  Captain  W.  G.  Grieve 

The  investigation  carried  out  during  the  past  three  years  of  the 
activities  of  the  Tunnelling  Companies  during  the  War  has  now  been 
completed. 

This  story  will  be  published  in  the  next  few  months  and  the  Com- 
mittee of  the  Tunnellers'  Old  Comrades  Association  wish  to  draw  the 
attention  of  mining  engineers  to  this  unique  publication,  entirely  con- 
nected with  the  work  during  the  War  of  members  of  their  own  profession. 

Copies  may  be  reserved  on  the  understanding  that  the  cost  will 
not  exceed  one  guinea  per  copy,  by  writing  to  the  Hon.  Secretary, 
T.O.C.  Association,  co  The  Institution  of  Mining  and  Metallurgy, 
Salisbury  House,  Finsbury  Circus,  London,  E.C.2. 

Province  of  Quebec  Association  of  Architects 

A  booklet  containing  its  Charter,  By-laws  and  Code  of  Ethics  has 
been  issued  by  the  Province  of  Quebec  Association  of  Architects.  The 
publication  is  of  interest  to  Institute  members  at  this  time,  since  the 
President  of  the  Association,  Mr.  Gordon  McL.  Pitts,  a.m.e.i.c,  under 
whose  auspices  it  was  prepared,  is  also  chairman  of  The  Institute 
Committee  on  Consolidation. 

It  gives  the  text  of  the  Architects'  Act,  incorporating  the  Associa- 
tion, with  the  most  recent  amendments,  together  with  the  By-laws  of 
the  Association,  which  regulate  such  matters  as  the  requirements  for 
membership;  the  professional  examinations;  the  duties  of  officers, 
Council  and  committees;  the  relations  of  the  Association  with  The 


Royal  Architectural  Institute  of  Canada  and  the  fees  payable  to  the 
Association.  The  regulations  governing  professional  practice  and 
discipline  and  proceedings  at  meetings  are  followed  by  the  Association's 
Code  of  Ethics  as  adopted  in  1935. 

Requests  for  copies  may  be  addressed  to  The  Honorary  Secretaiy 
of  the  Association,  027  Dorchester  Street  West,  Montreal. 

List  of  New  and  Revised  British  Standard 

Specifications 

(Issued  during  July  and  August,  1935) 
B.S.S.  No. 

617 — 1935.   Identification    of   Pipes,    Conduits,    Ducts    and    Cables    in 
Buildings. 

Intended  to  be  applicable  to  buildings  other  than  those 
used  for  industrial  processes  but  the  provisions  of  the 
specification  can  be  taken  as  a  basis  by  factories  or  in- 
dustries adopting  schemes  of  identification.  Represents 
general  practice,  and  consists  of  a  distinguishing  colour  and 
a  specially  shaped  identification  plate  for  each  service. 
618 — 1935.  Emulsions  of  Road  Tar  and  of  Road  Tar-Asphaliic  Bitmnen 
Mixtures  for  Penetration  {Grouting  and  Semi-Grouting)  and 
Surface  Dressing. 

Specification  for  a  cold  road  dressing,  incorporating  tar. 
Appendices  give  methods  of  sampling  and  testing  of  the 
emulsion. 
620 — 1935.   The  Dimensions  of  Grinding  Wheels  and  Method  of  Attach- 
ment. 

Dimensions  of  the  most  generally  used  shapes  and  sizes 
of  grinding  wheels,  and  of  the  flanges  and  washer  plates 
to  be  used  with  the  standard  method  of  attachment.    The 
tolerances  and  fits  of  the  spindle  in  the  wheels  are  specified, 
together  with  the  quahty  of  the  material  from  which  the 
spindle  and  flanges  are  to  be  made. 
621 — 1935.   Wire  Ropes  of  Special  Construction  for  Engineering  Purposes, 
inclusive  of  Cranes,  Lifts  and  Excavators. 
Providing  for  Scale  construction,  oval  and  flattened  strand 
and  multiple  strand  wire  ropes  from   13^"  to  6"  circum- 
ference for  special  engineering  purposes  including  cranes, 
lifts  and  excavators. 
622 — 1935.  Cyanide  {Classes  A  and  B)  suitable  for  Electro-plating. 

The  adoption  of  this  specification  when  ordering  cyanide 
for  electro-plating  will  remove  to  a  large  extent  the  risk 
of  damage  to  electro-plating  baths,  and  the  consequent  loss 
to  the  plater. 
623 — 1935.   Colours  for  Signal  Glasses  for  Railway  Purposes. 
(Issued  Covers  the  colorimetric  and  photometric  properties  of  the 

2-9-35)  glasses  and  methods  of  measurement  of  colour  and  transmit- 

tance. 
Copies  of  the  new  specifications  may  be  obtained  from  the  Publica- 
tions Department,  British  Standards  Institution,  28  Victoria  Street, 
London,  S.W.I,  and  from  the  Canadian  Engineering  Standards  Associa- 
tion, 79  Sussex  Street,  Ottawa,  Ont. 

The  Chemistry  of  Cement  and  Concrete 

The  Chemistry  of  Cement  and  Concrete,  by  F.  M.  Lea  and  C.  H. 
Desch,  published  by  Edward  Arnold  and  Company,  London,  and 
costing  $7.50  in  Canada,  gives  a  general  survey  of  the  Chemistry  of 
cement  and  concrete,  interpreting  the  title  in  a  broad  sense.  The  con- 
stitution of  cements,  the  nature  and  properties  of  the  compounds  they 
contain,  the  properties  of  set  cements  and  of  the  hydra  ted  compounds 
present  in  them  are  fully  described.  The  importance  of  cementing 
materials  other  than  Portland  Cement  is  now  so  great  that  considerable 
space  is  devoted  to  a  description  of  Portland  blast-furnace  and  other 
slag  cements,  aluminous  cement  and  pozzolanas. 

The  testing  of  cement  is  only  discussed  in  general  outline,  as  this 
subject  has  been  dealt  with  fully  in  various  other  works.  For  the  same 
reason  no  mention  is  made  of  the  methods  of  operating  a  cement  plant, 
the  general  principles  of  concrete  mixing,  nor  of  the  machinery  employed. 

The  nature  of  various  concrete  aggregates,  and  any  special  prop- 
erties inherent  in  them  which  favour  or  militate  against  their  successful 
use,  are  critically  discussed.  The  behaviour  of  concrete  in  use  is  dealt 
with  at  length.  Such  topics  as  its  resistance  to  sea  water  and  to  soils 
containing  soluble  sulphate  salts  or  acid  water  and  its  use  for  factory 
floors  and  in  pipes  for  sewage  effluents  are  all  considered.  An  attempt 
has  been  made  to  outline  the  conditions  which  may  be  expected  to 
affect  concrete  deleteriously.  The  survey  made  is  based  both  on  prac- 
tical experience  and  on  the  results  of  the  many  large-scale  trials  and 
exposure  tests  which  have  been  published.  It  represents  the  most 
ambitious  siu-vey  of  this  type  which  has  been  attempted,  and  it  is 
hoped  that  it  may  prove  of  real  value  to  engineers. 


Erratum — October  Journal,  page  459 — in  line  23  of  the  paper 
"Heavy  Forgings  and  the  Use  of  Alloys"  by  Messrs.  M.  F.  McCarthy 
and  E.  Voorhees,  for  "1842"  read  "1742"  and  for  "Dustman"  read 
"Huntsman." 
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Returns  on  the  "Questionnaire"  of  the  Committee  on  Consolidation 

to  October  24th,  1935 


QUESTIONNAIRE  OF  THE  COMMITTEE  ON  CONSOLIDATION 

1.  Are  you  in  favour  of  the  broad  principle  of  Consolidation  of  the 
Engineering  Profession  in  Canada  ? 

2.  In  your  opinion,  should  the  corporate  membership  of  the  Provincial 
Professional  Associations  and  of  the  National  organization  be 
identical  ? 

3.  Are  you  in  favour  of  The  Engineering  Institute  of  Canada  being 
accepted  as  the  National  body  of  the  consolidated  engineering  pro- 
fession in  Canada  ? 

4.  Under  Consolidation,  would  you  be  willing  to  pay  a  single  annual 
membership  fee  which  would  include  a  uniform  subscription  from 
each  member  of  the  profession  throughout  Canada  to  the  National 
organization  ? 

5.  In  view  of  the  fact  that  discipline  and  legal  action  are  at  present  a 
function  of  the  Provincial  Associations,  are  you  in  favour  of  the 
administration  of  admission  to  membership  and  collection  of  fees 
also  being  made  the  responsibility  of  the  Provincial  organizations? 

Province  of  Nova  Scotia 
Cape  Breton  Branch    (.?<?)* 

The  Cape  Breton  Branch  answered  the  "Questionnaire"  as  follows: 
Question  No.  1 — Yes. 
Question  No.  2 — Yes. 
Question  No.  3 — Yes. 
Question  No.  4 — Yes. 

Question  No.  5 — (held  pending  information  as  to  any  alternative 
suggestions  which  may  be  forthcoming). 

Halifax  Branch  (106)  and  Association  of  Professional  Engineers  of  the 
Province  of  Nova  Scotia    (20/t) 

The  Halifax  Branch  of  The  Institute  and  the  Professional  Associa- 
tion of  Nova  Scotia  appointed  a  special  Joint  Committee  whose  members 
were: — Messrs.  R.  L.  Dunsmore  and  C.  S.  Bennett,  representing  the 
Branch,  and  Messrs.  C.  M.  Smyth,  L.  H.  Wheaton  and  Professor  F.  R. 
Faulkner  representing  the  Association.  This  Committee  considered  the 
"Questionnaire"  and  their  findings,  as  the  official  expression  of  the 
Branch  and  of  the  Association,  are  as  follows: 

Question  No.  1 — Yes. 

Question  No.  2 — No,  not  necessarily. 

Question  No.  3 — No,  not  as  at  present  constituted. 

Question  No.  4 — Yes. 

Question  No.  5 — Yes. 

Questions  Nos.  1,4  and  5  are  answered  in  the  affirmative  in  view  of 
the  recommendations  of  the  "Joint  Committee  of  Eight"  last  January. 
"In  answering  Question  No.  3  the  fact  that  only  about  50  per  cent  of 
the  members  of  the  Association  of  Professional  Engineers  in  Nova 
Scotia  are  also  Corporate' Members  of  The  Engineering  Institute  of 
Canada  was  taken  into  account." 

Province  of  New  Brunswick 
Monclon  Branch    [27) 

The  "Questionnaire"  was  issued  to  the  members  of  this  Branch  for 
an  expression  of  their  individual  opinions  and  the  results  were  as  follows: 

Question  No.  1 — Yes,  20;  No,  0. 

Question  No.  2— Yes,  20;  No,  0. 

Question  No.  3— Yes,  18;  No,  2. 

Question  No.  4— Yes,  20;  No,  0. 

Question  No.  5 — Yes,  12;  No,  7. 

Three  members  also  sent  in  suggestions,  explanatory  remarks  or 
questions. 

Saint  John  Branch    {6'S) 

The  "Questionnaire"  was  issued  to  the  members  of  this  Branch  for 
an  expression  of  their  individual  opinions  and  the  results  were  as  follows: 

Question  No.  1— Yes,  28;  No,  0. 

(Question  No.  2— Yes,  27;  No,  1. 

Question  No.  3— Yes,  27;  No,  1. 

Question  No.  4— Yes,  26;  No,  2. 

Question  No.  5— Yes,  23;  No,  5. 

Association  of  Professional  Engineers  of  the  Province  of 
New  Brunsivick    (14 1) 

The  Association  has  prepared  and  issued  to  its  members  a  special 
bulletin  and  questionnaire  on  Consolidation,  a  report  on  the  results  of 
which  appears  herewith.  At  the  same  time,  a  Special  Provincial  Com- 
mittee has  been  formed  in  New  Brunswick  composed  of  two  representa- 
tives from  the  Moncton  Branch  of  whom  Mr.  H.  J.  Crudge  is  one;  two 
representatives  from  the  Saint  John  Branch,  Mr.  Gilbert  G.  Murdoch 
and  Mr,  A.  A.  Turnbull;  and  four  representatives  from  the  Professional 
Association,  Professor  A.  F.  Baird,  Mr.  Geoffrey  Stead,  Mr.  L.  L. 
Theriault,  and  Mr.  C.  S.  MacLean.  The  Commission  of  this  Com- 
mittee is:  "To  act  with  two  members  appointed  by  the  Saint    John 


Branch  of  The  Engineering  Institute  of  Canada  and  two  from  the 
Moncton  Branch  as  a  Committee  to  consider  Consolidation  in  all  its 
aspects;  to  take  steps  to  prepare  a  scheme  whereby  it  may  be  brought 
about;  to  co-operate  with  Mr.  Kirby  and  the  Committee  of  Eight 
(Dominion  Council)  and  with  the  central  committee  of  The  Institute 
headed  by  Mr.  Pitts,  and  with  other  bodies  of  The  Institute  or  of  the 
Provincial  Associations  working  toward  this  end." 

Special  Q'i.estiontiaire  on  Cnnsolidalion  issued  by  the  New  Brunswick 
Ass"ciation 

(Note: — It  is  not  suggested  that  the  National  Corporation  shall 
exercise  any  of  the  powers  now  exercised  by  the  Provincial  Corporations 
such  as  "Admission  to  Membership"  or  "Disciplinary  Action,"  etc.). 

(1)  Do  you  favour  a  National  Body? 
Yes',  51 ;  No,  3. 

(2)  Do  you  favour  a  form  of  amalgamation  with  The  Engineering  Institute 
of  Canada  under  a  revised  constitution  for  the  latter  f 

Yes,  41 ;  No,  10. 

(3)  Do  you  favour  a'l  independent  new  Corporation  composed  of  Registered 
Professional  Engineers  only  ? 

Yes,  10;  No,  39. 

(4)  Would  you  be  willing  to  pay  a  higher  annual  fee  than  that  at  present 
set  by  the  Provincial  Association  for  the  support  of  a  National  Cor- 
poration up  to  say: 

$5.00  per  year 
or  10.00  per  year 
or  15.00  per  year. 
Yes,    $5,  3. 
Yes,  $10,  9. 
Yes,  $15,  21;  No,  1. 
Twenty  of  the  above  members  submitted  suggestions,  explanatory 
remarks  or  questions. 

Province  of  Quebec 
Saguenay  Branch    [27) 

The  "Questionnaire"  was  issued  to  the  members  of  this  Branch  for 
an  expression  of  their  individual  opinions  and  the  results  were  as  follows: 
Question  No.  1 — Yes,  20;  No,  1. 
Question  No.  2 — Yes,  15;  No,  5. 
Question  No.  3— Yes,  20;  No,  0. 
Question  No.  4 — Yes,  18;  No,  2. 
Question  No.  5 — Yes,  14;  No,  5. 

Quebec  Branch    (91) 

At  a  Special  General  Meeting  this  Branch  considered  and  discus.sed 
the  "Questionnaire"  and  reported  as  follows: 

Question  No.  1 — Yes. 

CJuestion  No.  2 — Yes,  eventually:  but,  at  the  beginning  and  for 
some  time  to  come  we  feel  that  some  members  of  the  E.I.C. 
may  not  necessarily  become  members  of  the  Provincial  Associa- 
tion of  their  province. 

Question  No.  3 — Yes. 

Question  No.  4 — It  would  be  desirable  to  pay  a  single  fee  which 
would  include  all  privileges  available  to  the  profession.  How- 
ever, it  is  premature  to  agree  that  the  single  fee  should  include 
a  uniform  subscription  from  each  member  of  the  National 
organization  without  knowing  whether  the  benefits  to  accrue 
to  each  member  will  be  almost  uniform  or  widely  different  as 
at  present,  due  to  the  location  of  Headquarters  and  Branches. 

Question  No.  5 — Yes. 

Note: — We  again  wish  to  go  on  record  as  recommending  that  the 
present  grade  of  E.I.C.  Affiliate  be  abolished. 

■jrSainl  Maurice  Valley  Branch     (,?7) 

No  communication  has  been  received  from  this  Branch. 
Montreal  Branch    (7S5) 

At  the  direction  of  a  Special  General  Meeting  the  "Questionnaire" 
was  circulated  to  all  corporate  members  of  the  Branch  for  an  expression 
of  their  individual  opinions  and  the  replies  were  as  follows: 

Question  No.  1— Yes,  295;  No,  13. 

Question  No.  2— Yes,  246;  No,  10. 

Question  No.  3— Yes,  298;  No.  10. 

Question  No.  4— Yes,  273;  No,  21. 

Question  No.  5— Yes,  193;  No,  52. 

There  are  48  of  the  above  members  who  submitted  suggestions, 
explanatory  remarks  or  questions  Three  members  of  this  Branch 
answered  all  five  questions  in  the  negative. 

Corporation  of  Professional  Engineers  of  the  Province  of  Quebec    (990) 

At  its  Annual  Meeting  of  March  27th,  1935,  the  Corporation 
adopted  the  following  report  of  a  Special  Committee  on  Affiliation. 
Resolved: 

(1)    That  the  Corporation  of  Professional  Engineers  of  Quebec  is  ready 
and  willing  to  co-operate  immediately  with  the  other  Provincial  Engl- 
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neering  organizations  in  an  attempt  to  develop  with  The  Engineering 
Institute  of  Canada  a  suitable  and  adequate  basis  of  co-ordination  of 
the  Engineering  profession  in  the  Dominion. 

(2)  That  the  lines  along  which  such  co-ordination  should  proceed  be 
generally  similar  to  those  which  have  governed  the  organization  of 
sister  professions. 

(3)  That  The  Engineering  Institute  of  Canada  should  rightfully  be 
the  national  co-ordinating  body,  its  corporate  membership  to  consist 
solely  of  members  of  the  Provincial  Professional  Associations 

(4)  That  in  order  to  overcome  a  serious  obstacle  existing  at  present,  it 
be  suggested  that  any  corporate  member  of  The  Engineering  Institute 
of  Canada,  at  the  time  of  such  change,  who  is  not  qualified  to  belong 
to  his  local  Professional  body  should  remain  a  corporate  member  of  the 
National  body  but  shall  not,  by  reason  of  such  change,  become  a 
member  of  the  Association  or  Corporation  in  the  province  in  which  he 
resides. 

(5)  That  The  Engineering  Institute  of  Canada  should,  after  the  date 
of  such  change,  admit  no  person  to  corporate  membership  who  is  not 
at  the  time  of  application  a  member  of  his  own  local  Provincial  body. 

(6)  That  a  copy  of  this  resolution  be  immediately  referred  to  the  Cor- 
poration's representative  on  the  Committee  of  Eight  for  transmission 
by  him  to  the  other  members  of  this  Committee  for  consideration,  the 
intention  being  that  the  Committee  of  Eight  shall  at  the  earliest  pos- 
sible moment  present  to  The  Engineering  Institute  of  Canada  a  sug- 
gested basis  for  co-ordination.  In  view  of  the  inexpediency  of  holding 
a  meeting  of  the  Committee  of  Eight  at  this  time,  such  negotiation  shall 
be  conducted  by  correspondence. 

The  "Questionnaire"  of  the  Committee  on  Consolidation  is  being 
considered  by  the  Corporation  but  the  results  of  its  deliberations 
thereon  have  not  yet  been  received. 

Province  of  Ontario 
Ottawa  Branch    {297) 

The  Ottawa  Branch  made  the  following  returns  on  the  "Ques- 
tionnaire" : 

Question  No.  1. — Yes. 

Question  No.  2 — Yes.  If  this  is  impossible  of  attainment  at  the 
present  time  we  would  not  be  in  favour  of  allowing  it  to  prevent 
or  delay  steps  toward  consolidation.  Further,  provided  that 
some  provision  will  be  made  for  those  members  of  The  Institute 
residing  outside  of  Canada  or  those  whose  official  position  does 
not  require  affiliation  with  a  provincial  organization. 

Question  No.  3 — Yes. 

Question  No.  4 — Yes.  With  variable  fee  according  to  the  extent 
which  the  individual  member  would  require  a  provincial 
license. 

Question  No.  5 — Yes.  But  the  function  of  admission  to  member- 
ship in  the  National  organization  might  be  taken  over  not  at 
once  but  gradually,  by  the  Provincial  organization  as  a  com- 
mon understanding  of  the  standard  necessary  for  membership 
will  become  more  generally  comprehended  in  the  various 
provinces.  The  collection  of  fees  might  be  taken  over  by  the 
Provincial  organizations  from  the  beginning. 

Peterborough  Branch    (43) 

This  Branch  answered  the  "Questionnaire"  as  follows: 

Question  No.  1— Yes,  17;  No,  0. 

Question  No.  2— Yes,  17;  No,  0. 

Question  No.  3— Yes,  17;  No,  0. 

Question  No.  4— Yes,  17;  No,  0. 

Question  No.  5 — Yes,  13;  No,  4. 

Kingston  Branch    {29) 

This  Branch  made  the  following  return  on  the  "Questionnaire": 

Question  No.  1 — Yes. 

Question  No.  2 — Yes,  but  with  exceptions  for 

(a)    Engineers  from  other  countries. 

(6)    Engineers  now  members  of  The  Institute  who  do  not 
wish  to  join  their  Professional  Association. 
Question  No.  3 — Yes. 

Question  No.  4 — (How  much  would  the  fee  be?) 
Question  No.  5 — Dues — Yes.    (If  a  single  fee  is  adopted.) 

Admission — No. 

Discipline — No  —  insofar  as  the  rules  of  Ethics  are  concerned. 

Toronto  Branch    {317) 

The  Toronto  Branch  has  issued  the  "Questionnaire"  to  its  members 
for  an  expression  of  their  individual  opinions.  This  Branch  favours  a 
Joint  Committee  of  the  Branches  of  The  Institute  in  Ontario  to  meet 
a  Joint  Committee  of  the  Association  of  Professional  Engineers  of 
Ontario  to  discuss  the  question  of  "  Con-solidation  of  the  Engineering 
Profession  in  Canada." 

The  Branch  has  appointed  the  following  Special  Committee — 
Messrs.  O.  Holden,  W.  E.  Bonn,  and  C.  E.  Sisson,  Chairman. 

The  following  are  the  results  of  the  "Questionnaire"  issued  to  the 
members  of  this  Branch  for  an  expression  of  their  individual  opinions: 

QuestionjNo.  1— Yes,  128;  No,  3. 

Question  No.  2— Yes,  117;  No,  10. 

Question  No.  3— Yes.  119;  No,  5. 


Question  No.  4— Yes,  122;  No,  3. 
Question  No.  5— Yes,  109;  No,  15. 

Fifteen  of  the  above  members  submitted  suggestions,  explanatory 
remarks  or  questions. 

Hamilton  Branch    {79) 

The  Hamilton  Branch  has  made  the  following  return  on  the  "Ques- 
tionnaire": 

Question  No.  1 — Yes. 

Question  No.  2 — Yes. 

Question  No.  3 — Yes,  if  reorganization  takes  place. 

Question  No.  4 — Yes. 

Question  No.  5 — Yes,  if  approved  by  the  National  Governing  Body. 

Mr.  H.  A.  Lumsden  is  chairman  of  the  Special  Committee  on  Con- 
solidation and  representative  of  the  Branch  on  the  Provincial  Com- 
mittee on  Consolidation. 

London  Branch    {38) 

The  "Questionnaire"  was  issued  to  the  members  of  this  Branch 
for  an  expression  of  their  individual  opinions  and  the  results  were  as 
follows: 

Question  No.  1— Yes,  19;  No,  0. 

Question  No.  2— Yes,  18;  No,  0. 

Question  No.  3— Yes,  17;  No,  1. 

Question  No.  4— Yes,  18;  No,  0. 

Question  No.  5— Yes,  16;  No,  3. 

Niagara  Peninsula  Branch    {75) 

The  Niagara  Peninsula  Branch  has  replied  to  the  "Questionnaire" 
as  follows: 

Question  No.  1 — Yes. 

Question  No.  2 — Yes. 

Question  No.  3 — Yes. 

Question  No.  4 — Yes. 

Question  No.  5 — Yes. 

Border  Cities  Branch    {50) 

The  Border  Cities  Branch  made  the  following  return  on  the  "Ques- 
tionnaire": 

Question  No.  1 — -Yes. 

Question  No.  2 — Yes. 

Question  No.  3 — Yes. 

Question  No.  4 — Yes. 

Question  No.  5 — (Left  unanswered) 

Sault  Ste.  Marie  Branch    {55) 

The  Sault  Ste.  Marie  Branch  issued  the  "Questionnaire"  to  its 
membership  for  an  expression  of  their  individual  opinions  and  the 
results  are  as  follows: 

Question  No.  1— Yes,  28;  No,  1. 

Question  No.  2— Yes,  28;  No,  1. 

Question  No.  3— Yes,  28;  No,  1. 

Question  No.  4— Yes,  29;  No,  0. 

Question  No.  5 — Yes,  18;  No,  11. 

Lnkehead  Branch    {34) 

The  replies  to  the  "Questionnaire"  from  this  Branch  are  as  follows: 

Question  No.  1 — Yes. 

Question  No.  2 — Yes. 

Question  No.  3 — Yes. 

Question  No.  4 — Yes. 

Question  No.  5 — Yes. 

Association  of  Professional  Engineers  of  the  Province  of  Ontario    {1,119} 

The  Association  appointed  the  following  Special  Committee  to 
consider  the  Problem  of  Co-ordination: — Messrs.  Archie  B.  Crealock, 
E.  M.  Wood,  E.  R.  Frost  and  J.  Clark  Keith,  Chairman. 

The  report  of  this  Committee  was  accepted  by  the  Association 
with  some  minor  reservations : 

Question  No.  1 — Yes. 

Question  No.  2 — Yes. 

Question  No.  3 — Yes. 

Question  No.  4 — Yes. 

Question  No.  5^ Yes. 

Province  of  Manitoba 
Winnipeg  Branch    {131) 

The  Winnipeg  Branch  of  The  Institute  has  appointed  the  following 
Special  Committee  on  Consolidation: — Messrs.  C.  H.  Fox,  C.  H. 
Attwood,  J.  W.  Sanger,  Fred.  V.  Seibert,  E.  V.  Caton,  Secretary,  and 
A.  J.  Taunton,  Chairman. 

The  "Questionnaire"  was  issued  to  the  members  of  the  Branch  for 
an  expression  of  their  individual  opinions  and  the  results  are  as  follows: 

Question  No.  1— Yes,  57;  No,  0. 

Question  No.  2 — Yes,  53;  No,  4. 

Question  No.  3— Yes,  55;  No,  2. 

Question  No.  4— Yes,  53;  No,  4. 

Question  No.  5— Yes,  49;  No,  8. 

Eight  of  the  above  members  submitted  suggestions,  explanatory 
remarks  or  questions. 
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Association  of  Professional  Engineers  of  the  Province  of  Manitoba    {20S) 

The  Association  has  a  Special  Committee  co-operatine  with  the 
Special  Committee  of  the  \\  innipeg  Branch,  forming  a  Joint  Committee 
on  Consolidation  in  this  Province.  In  view  of  the  progress  of  the 
deliberations  of  the  Joint  Committee,  and  the  proposals  relative  to 
Consohdation  within  the  Province,  which  it  has  drawn  up  for  submission 
to  both  organizations,  the  Association  has  refrained  from  answering 
the  "Questionnaire"  until  these  proposals  have  been  passed  upon  by 
the  engineers  of  Manitoba.  It  is  anticipated  that  a  decision  will  be 
made  in  the  near  future. 

These  proposals  are  as  follows: 

1.  The  Council  of  The  Institute  will  recognize  registration  with  the 
Association  as  constituting  full  and  satisfactory  qualifications  for 
admission  to  the  grade  of  member  in  The  Institute. 

2  The  Association  will  acquire  a  group  membership  in  The  Institute 
by  virtue  of  which  each  and  every  individual  shown  on  the  register 
of  the  Association  will  be  a  member  of  The  Institute. 

3.  The  Association  will  pay  annually  to  The  Institute  a  group  member- 
ship fee. 

4.  The  annual  fee  for  members  may,  if  necessary,  be  increased  to  cover 
the  increased  activities  of  the  group  membership. 

5.  The  Association  of  Professional  Engineers  of  the  Province  of  Mani- 
toba shall  assume  the  functions  of  the  Winnipeg  Branch  of  The 
Institute. 

6.  Individuals  who  are  not  practising  engineering  within  the  meaning 
of  the  Act  may,  if  they  are  qualified  and  accepted,  obtain  or  con- 
tinue membership  in  The  Institute  and  pay  their  fees  direct  to  head- 
quarters. The  Association  will  extend  to  such  members  the  priv- 
ilege of  attending  and  participating  in  all  meetings,  but  they  will 
not  be  qualified  to  vote  in  such  meetings. 

The  above  proposals  were  approved  by  the  executive  of  the  Pro- 
fessional Association  on  September  16th  and  by  the  executive  of  the 
Winnipeg  Branch  E.I.C.  on  September  26th,  1935. 

A  joint  General  Meeting  of  the  members  of  the  Winnipeg  Branch 
and  the  Association  of  Professional  Engineers  of  the  Province  of 
Manitoba,  will  be  held  at  the  University  of  Manitoba  on  Thursday, 
November  7th,  to  receive  and  discuss  the  above  recommendation  of 
the  Joint  Committee,  after  which  a  letter  ballot  will  be  sent  out  to  the 
members  of  both  organizations. 

Province  of  Saskatchewan 
Saskatchewan  Branch  (64)  and  Association  of  Professional  Engineers  of 
the  Province  of  Saskatchewan    {89) 

The  consideration  of  the  problem  of  Consolidation  is  well  advanced 
in  this  Province  under  a  Special  Joint  Committee  of  the  Branch  and  the 
Association  of  which  Mr.  D.  A.  R.  McCannel  is  Chairman.  The 
engineers  of  this  I  rovince  were  the  first  to  make  a  return  on  the  "Ques- 
tionnaire" and  the  results  were  as  follows: 

Question  No.  1 — Yes. 

Question  No.  2 — Yes. 

Question  No.  3 — Yes. 

Question  No.  4 — Yes. 

Question  No.  5 — Yes. 

A  General  Meeting  of  the  engineering  profession  in  Sa.skatchewan 
was  held  as  an  open  meeting  of  the  Professional  Association  of  that 
Province  in  Rcgina,  on  October  26th,  1935.  At  this  General  Meeting 
the  following  Resolutions  were  passed  without  a  dissenting  vote: — 

1.  Resolved  that  this  General  Meeting  of  the  Engineering  Profession 
in  Saskatchewan  endorses  the  general  principle  of  Consolidation  of 
the  Engineering  Profession  in  Canada,  and  urges  the  Executive  ol 
respective  Engineering  societies  to  overlook  minor  details  and  make 
every  effort  to  consummate  Consolidation. 

2.  Resolved  that  this  General  Meeting  of  the  Engineering  Profession 
in  Saskatchewan  hereby  goes  on  record  as  considering  National 
Consolidation  the  objective  of  the  Profession,  but  if  a  National 
scheme  is  not  formulated  within  six  months,  that  we  consider  it 
the  duty  of  National  societies  to  take  immediate  steps  to  permit 
Consolidation  in  any  Province  desiring  such  action. 

3.  Resolved  that  this  General  Meeting  of  the  Engineering  Profession 
in  Saskatchewan,  from  reports  received,  deplores  the  apparent  lack 
of  action  by  the  Dominion  Council  of  Professional  Associations, 
and  hereby  goes  on  record  to  request  the  Council  of  the  Association 
of  Professional  Engineers  of  Saskatchewan  to  take  the  necessary 
steps  to  urge  such  Associations  to  arrange  for  a  National  meeting 
at  an  early  date  to  give  consideration  to  the  Consolidation  of  the 
Engineering  Profession  in  Canada. 

4.  Resolved  that  this  General  Meeting  of  the  Engineering  Profession 
in  Saskatchewan  further  requests  that  the  Council  of  the  Associa- 
tion of  Professional  Engineers  of  Saskatchewan  notify  all  interested 
parties  of  the  foregoing  resolutions  and  further,  that  they  supply 
Saskatchewan  P^ngineers  with  a  digest  of  the  Papers  presented  at 
this  meeting,  and  a  copy  of  the  Resolutions  adopted. 


I'kovince  of  Alberta 
Lethbridge  Branch    [2^) 

While  this  Branch  of  The  Institute  has  gone  on  record  as  being  in 
favour  of  Consolidation,  they  did  not  fill  in  the  "Questionnaire"  as 
they  feel  this  matter  should  be  dealt  with  through  the  "Dominion 
Council  of  Engineering." 

Edmonton  Branch    (45) 

The  Edmonton  Branch  issued  the  "Questionnaire"  to  its  members 
for  an  expression  of  their  individual  opinions  with  the  following  results: 

Question  No.  1— Yes,  12;  No,  0. 

Question  No.  2— Yes,  11;  No,  1. 

Question  No.  3— Yes,  12;  No,  0. 

Question  No.  4 — Yes,  11;  No,  0. 

Question  No.  5— Yes,  7;  No,  3. 

Certain  of  the  answers  carried  qualifications.  This  Branch  has 
suspended  further  action  on  this  matter,  pending  consideration  of  a 
proposal  by  the  Calgary  Branch  for  a  provincial  conference  of  representa- 
tives of  the  Branches  of  the  E.I.C.  and  the  Provincial  Professional 
Association. 

Calgary  Branch    {73) 

The  Calgary  Branch  appointed  the  following  Special  Committee  on 
Consolidation: — Messrs.  John  Haddin,  Lieut. -Colonel  F.  M.  Steel, 
G.  P.  F.  Boese,  S.  G.  Porter  and  R.  S.  Trowsdale,  Chairman.  The 
Calgary  Branch  made  the  following  reply  to  the  "Questionnaire" : 

Question  No.  l^Yes. 

Question  No.  2— Yes;  (o)  Providing  the  present  corporate  members 
of  the  E.I.C.  should  continue  to  be  corporate  members  of  the 
national  organization.  (6)  We  suggest  that  the  members  of 
the  Provincial  Association  of  Professional  Engineers  be 
admitted  to  the  E.I.C.  and  that  all  E.I.C.  members  be  admit- 
ted to  the  provincial  Association,  (c)  That  those  members 
of  the  E.I.C.  who  do  not  wish  to  be  registered  be  allowed  to 
remain  as  corporate  members  of  the  National  Association. 

Question  No.  3 — Yes. 

Question  No.  4 — Yes,  providing  as  in  question  2  (c)  E.I.C. 
members  may  continue  to  pay  fees  to  the  national  association 
in  the  event  that  they  do  not  see  fit  to  register  with  the  pro- 
vincial association. 

Question  No.  5 — Yes. 

Association  of  Professional  Engineers  of  the  Province  of  Alberta.    (25S) 

The  whole  question  of  Consolidation  and  the  "Questionnaire"  will 
be  considered  by  this  Association  on  November  2nd,  1935. 

Province  of  British  Columbia 
Vancouver  Branch    {127) 

This  Branch  has  submitted  a  Report  prepared  by  Mr.  P.  H. 
Buchan,  past-chairman  of  the  Vancouver  Branch,  as  representing  views 
of  that  Branch  on  Consolidation.  This  Report  has  been  printed  in  full 
in  the  August  issue  of  The  Journal.  The  Committee  on  Consolidation 
has  not  attempted  to  interpret  the  Report  in  the  terms  of  the  "Ques- 
tionnaire." 

Victoria  Branch    {45) 

The  Victoria  Branch  submitted  a  "Questionnaire"  to  its  members 
for  an  expression  of  their  individual  opinions.    The  results  are  as  follows: 

Question  No.  1— Yes,  18;  No,  0. 

Question  No.  2 — Yes,  17;  No,  1. 

Question  No.  3— Yes,  17;  No,  1. 

Question  No.  4— Yes,  18;  No,  0. 

Question  No.  5— Yes,  16;  No,  2. 

Two  of  the  above  members  submitted  suggestions,  explanatory 
remarks  or  questions. 

The  Branch  strongly  favoured  the  Consolidation  of  The  Engineering 
Institute  of  Canada  and  the  Provincial  Associations  of  Professional 
Engineers  and  the  appointment  of  a  Joint  Committee  of  the  Branches 
of  The  Institute  in  British  Columbia  to  discuss  Consolidation  with  a 
Committee  of  the  Association  of  Professional  Engineers  in  that  Province 

Association  of  Professional  Engineers  of  the  Province  of 
British  Columbia    {S08) 

This  Association  has  previously  decided  to  refer  the  whole  matter 
(of  Consolidation)  to  the  Committee  of  Eight  and  to  leave  any  action 
until  the  advice  of  the  Committee  of  Eight  has  been  received.  It  is 
reported  that  the  Council  of  the  Association  is  at  present  considering 
what  further  action  may  be  taken.  It  might  be  noted  that  the  Com- 
mittee of  Eight  held  its  last  meeting  in  February  of  1933. 

*Note: — The  figures  in  parentheses  give  the  approximate  number 
of  active  corporate  members  of  The  Institute  in  the  branches  con- 
cerned and  the  membership  of  the  various  Professional  Associations. 

Gordon  McL.  Pitts,  a.m.e.i.c. 
Chairman,  Committee  on  Consolidation. 
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BRANCH  NEWS 

Hamilton  Branch 

A.  Lnvc,  M.E.I.(\,  SccrcUirij-Trcanurer. 

A.  li.  Dove,  Jr.K.I.C,  Branch  News  Editor. 

An  Engineer's  Expekiences  in  Russia 

The  Hamilton  Branch  of  The  Engincoiing  Institute  of  Canada 
were  guests  of  the  Ontario  Chajjter  of  the  American  Society  for  Metals 
at  their  regular  meeting,  October  11th,  19:55,  at  the  Royal  Connaught 
hotel. 

'I'hc  speaker  of  the  evening,  Arthur  (i.  McKee  of  the  McKee 
Construction  C'oinpany,  chose  as  his  subject"  An  Engineer's  Experiences 
in  Russia"  and  was  introduced  by  Prof.  O.  \V.  Ellis  of  the  Ontario 
Research  Foundation. 

Mr.  McKee's  company  was  under  contract  with  the  U.S.S.R.  to 
build,  at  Magnetogorsk  in  the  mid-south(>rn  territory,  a  complete  steel 
works  from  blast  furnaces  to  rolling  mills.  It  was  "typical  of  Russian 
phsychology  that  their  constant  theme  was  "haste"  and  "hurry," 
with  a  constant  chock  on  schedules  set  up  for  the  work. 

The  plant  was  a  huge  affair  and  the  coal  and  necessary  ore  were 
separated  by  1,500  miles  of  single  track  of  70  pound  rail — and  it  may  be 
imagined  that  deliveries  were  slow.  It  was  necessary  to  dam  the  Ural 
river  to  provide  adequate  water  for  plant  operation  during  the  whole 
year  and  to  build  a  skid  dam  34  feet  high  on  silt. 

Blast  furnaces  had  25-foot  hearths,  were  100  feet  in  height, 
stoves  28  feet  by  140  feet  high,  with  as  much  as  200,000  square  feet 
of  heating  surface  and  blowers  producing  115,000  cu.  ft.  at  30  pounds 
per  square  inch.  The  Russians  did  not  follow  instructions  implicitly, 
and  redesigned  the  hearths  of  the  blast  furnaces  and  would  not  use  the 
proposed  switching  designs. 

In  Russia  there  is  a  natural  inertia  to  change  whether  it  be  living 
conditions,  working  conditions,  or  social  life.  Cranes  provided  for 
erection  of  steel  and  concrete  work  were  discarded  for  great  forests  of 
timber  erection.  In  Ru.ssia  "Everybody  lifts,  and  everyone  sweats." 
Women  as  well  as  men  must  work  to  eat.  The  children  are  brought  up 
to  believe  in  no  god  but  themselves  and  Russia.  What  effect  this 
teaching  will  have  upon  the  new  generation  can  only  be  guessed. 

Mr.  W.  HoUingworth,  m.b.i.c,  made  a  motionof  a  vote  of  thanks 
to  Mr.  McKee,  but  the  applause  of  the  assembly  showed  that  no 
seconder  or  voting  was  necessary  to  show  their  approval. 

About  200  were  present,  many  from  out  of  town,  and  prior  to 
the  meeting  there  was  an  informal  dinner.  Mr.  A,  B.  Oram,  chairman 
of  the  Ontario  Section  A.S.M.,  presided  at  both  dinner  and  meeting. 

Montreal  Branch 

C.  K.  McLeod,  A.M.E.I.C,  Sccrdnry-Trenmrcr. 
Smoker 

.V  well-organized  and  exceptionally  well-attended  informal  smoker 
held  ii>  the  Rose  Room  of  the  Windsor  hotel  on  Friday  evening,  October 
4th,  1935,  ushered  in  the  nineteenth  season  of  activities  of  the  Montreal 
Branch.  F.  S.  B.  Heward,  a.m.e.i.c,  chairman  of  the  Branch,  acted 
as  chairman,  and  Dr.  F.  A.  Gaby,  president  of  The  Institute,  was  the 
guest  of  honour. 

Songs,  music  and  choruses  enlivened  the  proceedings  while  the 
programme  also  included  recitations  and  sleight-of-hand  tricks,  the 
contributors  being  D.  C.  Tennant,  m.b.i.c,  who  led  the  community 
singing,  F.  Cleal,  orchestra  conductor.  Noble  Birks,  R.  Eric,  Crawford, 
.\.M.E.i.c.,  J.  L.  Heald,  W.  J.  Langston,  J.  G.  Caron,  a.m.e.i.c,  R.  H. 
Findlay,  m.e.i.c,  F.  J.  McHugh,  a.m.e.i.c.  Professor  C.  M.  McKer- 
gow,  M.E.I.C,  and  others.  Many  of  the  artists  were  members  of  The 
Institute. 

During  the  course  of  the  evening  refreshments  were  served,  and 
Mr.  Heward  made  a  brief  address,  as  did  Dr.  Gaby,  and  introduced  a 
number  of  guests  including  four  Past-Presidents  of  The  Institute  who 
were  present:  Messrs.  G.  H.  Duggan,  m.e.i.c,  H.  H.  Vaughan,  m.e.i.c, 
Dr.  O.  O.  Lefebvre,  m.e.i.c,  and  F.  P.  Shearwood,  m.e.i.c. 

The  attendance  of  325  almost  equalled  that  of  the  smoker  held  last 
spring. 

Niagara  Peninsula  Branch 

P.  A.  Deweii,  A.M.E.I.C,  Secnlan/-Trca.surer. 
C.  G.  Moon,  A.M.E.I.C,  Branch  News  Editor. 

For  the  first  meeting  of  the  season  this  Branch  visited  the  McKin- 
non  Industries  of  St.  Catharines,  a  branch  of  the  General  Motors, 
where  small  parts  are  manufactured  for  Canadian  and  Empire  trade. 

This  factory  exemplifies  the  evolution  in  business  during  the  last 
fifty  years.  Started  about  the  year  ISSO,  by  Messrs.  L.  E.  McKinnon 
and  F.  F.  Mitchell  of  St.  C'atharines,  as  a  saddlery  and  waggon  hard- 
ware factory,  the  business  was  extended  to  cover  carriage  dashes  and 
fenders.  The  malleable  iron  foundry  was  constructed  in  1901  and  a 
drop  forging  department  opened  in  1905  when  the  manufacture  of 
chain  was  undertaken.  A  separate  factory  was  built  at  Tonawanda, 
N.V.,  and,  in  1917  the  chain  companv  was  merged  with  the  Columbus 
Chain  Co.,  of  Columbus,  Ohio. 

At  the  outbreak  of  the  war  the  St.  Catharines  plant  secured  large 
contracts  from  the  British  and  French  governments  for  military  harness 
hardware.  In  1916  the  plant  was  extended  to  provide  for  the  manu- 
facture of  shrapnel  bullets,  time  fuses  and  H.E.  shells. 


After  the  war,  machinery  was  installed  to  manufacture  auto- 
mobile radiators,  differentials  and  transitiission  gears,  l\w.  first  venture 
of  that  nature  in  Canada. 

Late  in  1928  the  General  Motors  opened  negotiations  for  the 
purchase  of  the  plant  and,  on  March  1st,  192'),  that  corporation  assumed 
control  and  became  owners  of  the  McKinnon  Industries  l.in.ited 
through  an  exchange  of  stock. 

Since  then  the  plant  has  been  extended  and  improved.  A  pulverized 
coal  system  has  been  installed  and  a  modern  building  erected  to  manu- 
facture Delco-Remy  equipment  which,  up  to  that  time,  had  been 
imported  from  Anderson,  Indiana. 

The  chief  products  of  the  plant  are  now  as  follows :  malleable  iron 
castings,  steel  forgings,  differentials,  shock  absorbers,  steering  gears, 
starting  motors,  generators,  ignition  coils,  spark  plugs,  rear  axle  shafts, 
fractional  h.p.  motors  for  electric  refrigeration,  and  various  tools.  Units 
for  six  hundred  cars  a  day  can  be  supplied.  Some  twelve  hundred  men 
are  employed  with  a  yearly  payroll  of  about  three  quarters  of  a  million 
dollars.  A  modern  foundry  lay-out,  with  a  system  of  travelling  con- 
veyors for  the  moulds  and  continuous  pouring,  is  now  being  designed. 

After  a  well  attended  dinner  at  the  Welland  House,  Mr.  Orwell 
Brown,  factory  manager,  explained  that  the  automotive  industry  is 
not  only  seasonal  but  has  large  yearly  fluctuations.  The  effect  of  a 
poor  season  is  less  noticeable  in  a  communitj'  with  diversified  manu- 
facturing interests  than  it  would  be  if  all  work  were  concentrated  in  a 
single  city  such  as  Oshawa. 

A  lengthy  discussion  followed  and  the  skeleton  sections  of  various 
products   were   examined   with   great   interest. 

Walter  Jackson,  m.e.i.c,  proposed  the  vote  of  thanks  to  Mr. 
Brown,  his  assistants  and  the  General  Motors  for  their  kindness  in 
providing  an  instructive  afternoon  and  evening  session.  Chairman 
Paul  Buss,  a.m.e.i.c,  then  declared  the  meeting  adjourned. 

Quebec  Branch 

Jules  Joyal,  A.M.E.I.C,  Secretary-Treasurer. 
Le  Cout  d' Exploitation  des  Centrales  Diesel 

Tel  fut  le  sujet  traite  a  une  reunion  generale  des  membres  de  la 
section  de  Quebec,  par  M.  Jean  St-Jacques,  s.e.i.c,  assistant  ing6nieur 
au  Quebec  Power. 

L' etude  du  conferencier  s'est  limitee  aux  petites  centrales  de  500 
chevaux  ou  moins  localisees  dans  la  ville  de  Quebec;  une  sdrie  de 
r6sultats  obtenus  dans  18  centrales  etablies  aux  Etats-l'nis  fut  d'abord 
presentee,  puis  leur  cout  d'exploitation  fut  ramene  aux  conditions 
existant  a  Quebec  quant  au  prix  du  combustilile. 

Ces  exemples  ont  montre  jusqu'a  quel  point  le  cout  d'exploitation 
depend  du  facteur  d'utilisation  et  que  Ton  doit  bien  se  garder  de  parler 
de  resultats  moyens.  II  fut  aussi  dcmontre  que  le  moteur  Diesel  a 
un  bon  rendement  cconomique  quand  il  est  charge  a  sa  puissance 
normale  mais  que  ce  rendem<>nt  baisse  rapidement  quand  on  le  sur- 
charge ou  qu'on  le  charge  seulement  a  une  fraction  de  sa  puissance 
nominale;  de  cette  derniere  constatation  le  conferencier  conclut  qu'il 
y  a  necessite  d'etablir  avec  precision  la  puissance  requise  dans  un 
projet  quelconque. 

Le  conferencier  montra  ensuite  une  analyse  des  resultats  obtenus 
dans  une  centaine  de  centrales  Diesel  etablies  en  Angleterre  et  en 
Amerique;  de  cette  analyse  il  est  possible  d'etablir  des  courbes  du 
coiit  des  divers  elements  qui  entrent  dans  le  coiit  total  d'exploitation. 
Ces  divers  elements  sont  ensuite  combines  de  maniere  a  obtenir  un 
coiit  total  pour  toute  une  serie  de  facteurs  d'utilisation  en  supposant 
que  la  centrale  fonctionne  a  pleine  charge  aux  heures  de  pointe.  Ces 
resultats  s'expriment  sous  forme  do  courbes  en  regard  desquelles  il  est 
possible  de  mettre  d'autres  courbes  donnant  le  cout  d'achat  de  I'ener- 
gie  electrique  au  reseau  de  distribution  a  Quebec. 

Comme  conclusions  gencrales  le  conferencier  dcmontre  qu'a  des 
facteurs  d'utilisation  reduits  le  prix  de  production  de  I'energie  par 
groupes  electrogenes  se  rapproche  beaucoup  du  prix  d'achat  de  I'energie 
au  reseau  de  distribution.  De  meme  pour  des  facteurs  elevcs  le  coiU 
unitaire  au  kwh.  est  bas  et  il  augmente  a  mesure  que  le  facteur  d'utili- 
sation diminue.  Enfin  il  est  demontre  par  I'ecart  de  prix  entre  le 
coiit  a  I'utilisation  clevee  et  le  cout  a  utilisation  reduite  que  tout  pro- 
jet  de  centrale  Diesel  necessite  une  etude  approfondie  des  conditions 
d'exploitations  afin  d'etablir  le  facteur  d'utilisation  de  I'installation. 

Winnipeg  Branch 

,/.  F.  Cunningham,  A.M.E.I.C,  Secretary-Treasurer. 
H.  L.  Briggs,  A.M.E.I.C,  Branch  News  Editor. 
A  Philosophical  View  of  the  World  Today 
On  October  3rd,   1935,   Professor  Rupert  C.   Lodge,   M.A.,  Pro- 
fessor of  Logic  and  History  of  Philosophy  of  the  University  of  Manitoba, 
presented  a  paper,  "A  Philosophical  View  of  the  World  Today,"  at  the 
initial  fall  meeting  of  the  Branch. 

Professor  Lodge  stated  that  there  are  three  major  viewpoints  of 
philosophy,  realism,  idealism  and  pragmatism,  each  of  which  to  some 
extent  contradicts  the  others.  The  realist  thinks  of  the  world  of  physical 
reality  as  being  primary.  The  idealist  believes  that  man's  mind  trans- 
cends the  physical.  Tlie  pragmatist  believes  that  the  two  preceding 
types  go  well  beyond  the  facts,  that  the  proper  attitude  is  to  stay 
rooted  in  experience.    The  present  day  realist  regards  the  mind  as  the 
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interaction  of  the  physical  senses  with  en'iaronment.  He  looks  out  on 
the  world  today  expecting  the  worst,  and  believing  that  present  ten- 
dencies confirm  his  idea  that  the  world  is  barbaric  as  ever.  The  idealist 
looks  on  the  present  world  and  is  pessimistic,  for  he  wishes  to  see  his 
ideals  realized.  The  pragmatist  believes  that  we  are  biological  and 
social  organisms.  He  claims  he  is  more  real,  more  concrete,  than  the 
realist.  His  gaze  is  on  the  problems  of  the  moment,  he  has  no  use  for 
history,  he  minds  his  own  business. 

These  three  viewpoints  are  tendencies  within  ourselves  which 
come  into  conflict  when  we  form  our  judgments,  though  usually  one 
of  them  is  stronger  than  the  others.  It  has  been  said  that  Goethe  is  the 
best  example  of  a  happy  combination  of  all  three. 

Those  taking  part  in  the  discussion  which  followed  included  T.  C. 
Main,  a.m.e.i.c,  W.  D.  Hurst,  a.m. e. i.e.,  G.  E.  Cole,  a.m.e.i.c,  and 
W.  F.  Oidham,  a.m.e.i.c.  A  vote  of  thanks  was  moved  by  Professor 
A.  E.  McDonald,  a.m.e.i.c,  after  which  the  meeting  adjourned  for 
light  refreshments. 

The  Consolidation  Problem 

Comments  on  the  Memorandum  by   P.  L.    Pratley,   M.E.I.C. 

(published  in  the  July  issue  of  The  Journal,  pages  359-360), 

prepared  by  E.  A.  Wheatley,  M.E.I.C,  Registrar,  Association  of 

Professional  Engineers  of  British  Columbia. 

{Underlining  by  Mr.  Wheatley) 
Quotation 

"Any  serious  effort  to  solve  the  problem. ..   must  be  based 

upon  the  recognition  of  certain  fundamental  facts ..." 

"Admittedly  the  meaning  of  'profession'  may  be  revised  or 

redrafted  or  stretched  . . .  but  basicaUy .  . .  the  essence  of  the  idea  is 

the  personal  contact  between  the  'professor'  and  his  client  whether 

he  be  lawyer,  doctor,  or  dancing  master." 
Comment 

Definitely  inaccurate.  Consideration  of  all  the  other  professions 
will  prove  its  inaccuracy.  The  young  priest  when  ordained,  the  young 
lawyer  on  being  called  to  the  Bar,  the  young  doctor,  the  young  architect, 
the  young  chartered  accountant,  on  receiving  their  licences,  may  and 
invariably  do  continue  in  an  employee  capacity  for  many  years  before 
making  "personal  contact"  with  clients.  In  law  lawyers  continue  for 
many  years  in  an  employee  condition  and  officially  and  authoritatively 
quite  40  per  cent  of  the  legal  profession  continue  indefinitely  in  an 
employee  condition.  Making  personnal  contact  with  clients  is  but 
accidental  and  secondary,  and  is  not  the  fundamental  idea  of  what  con- 
stitutes a  professional  man  which  is : — 

Originally,  a  professional  man  was  one  who  'professed'  a  special 
education  and  special  training.  By  the  passage  of  time  and  the  seal  of 
custom,  it  is  now  one  who  has  passed  through  an  officially  prescribed 
education,  an  officially  prescribed  junior  experience  and  passed  official 
tests,  and  thus  is  one  who  is  officially  authorized  "to  profess."  Personal 
contact  is  nowhere  stipulated. 

The  official  authorization  in  all  professions  on  this  continent  is  the 
licence  to  practise. 

One  can  visualize  or  recognize  the  inaccuracy  of  Mr.  Pratley's 
proposals  by  contemplating  imaginatively  the  lot  of  an  engineer  brother 
amongst  a  group  of  brothers  belonging  to  the  other  professions.  At  a 
young  age  of  from  25  to  30,  the  oldest  brother  is  ordained  as  a  priest, 
the  second  brother  is  called  to  the;  Bar,  the  remaining  brothers  have 
received  a  license  as  a  doctor  or  as  an  architect  or  chartered  accountant. 
At  a  reunion  of  the  family  all  will  be  congratulating  those  other  brothers 
on  having  received  formal  official  recognition  by  their  respective  pro- 
fessions, but  the  engineer  son,  a  graduate  and  an  engineer  of  many  years 
junior  experience,  one  who  in  British  Columbia,  would  have  passed  the 
final  test  and  would  have  written  a  book  or  thesis  (of  all  mental  tests 
the  most  difficult),  to  this  young  professional  man,  the  brothers  and 
parents  would  turn  and  inquire  why  he  should  not  have  received  the 
highest  honour  at  the  disposal  of  his  profession.  He  could  only  reply. 
"Oh  no.  I  have  gone  through  an  officially  prescribed  disciplinary  period 
as  my  brothers  have,  but  Mr.  Pratley  states  that  'it  is  totally  inapplic- 
able' for  me  to  receive  a  license  to  practise.  I  must  wait  until  I  'make 
personal  contact  with  clients'  before  I  can  receive  my  license." 
Quotation 

"A  large  majority ...  of  engineers ...  in  cities  are . . .  employees 
of  corporations  and  industrial  firms,  [  (to  these)  ]  the  licensing  idea 
is  totally  inapplicable."  "In  the  Provinces,  the  provincial  organ- 
izations are  regarded  [  (by  engineers)  ] . . .  as  a  type  of  trade  union, 
in  no  sense  valuable  to  the  public  and  only  useful ...  as  they  limit 
the  number  of  entrants  or  applicants  for  employment." 
Comment 

The  number  of  industrial  engineers  who  have  sacrificed  their  time 
to  work  on  the  Councils  of  the  Association  in  B.C.  and  on  the  other  hand 
the  number  of 'leading  Government  and  municipal  engineers  who  have 
also  worked  as  presidents  and  on  the  Councils  of  the  Association  in 
B.C.  proves  the  injustice  and  inaccuracy  of  these  words  and  condemns 
them  and  their  author. 


Industrial  engineers  in  B.C.  prove  that  it  is  not  "totally 
inapplicable"  to  licence  the  young  assistant  engineers.  In  B.C.  they 
delight  to  reward  merit  by  confining  employment  or  granting  a  strong 
preference  to  the  young  licensed  engineer  and  to  the  young  enrolled 
student — no  compulsion,  whatsoever, — the  young  engineer  longs  for  his 
license,  and  the  industrial  employer  delights  to  reward  him  and  give 
value  to  the  license,  by  employing  or  promoting  him. 

Quotation 

"And  only  a  certain  few  should  be  compcllfd  to  apply  for  a 
license." 
Contrast  this  with  the  quotation 

"The  qualification  should  definitely  include  corporate  member- 
ship in  the  national  Institute." 
Comment 

In  B.C.  we  should  have  to  reduce  our  members  from  824  to  possibly 
206  requiring  the  remaining  618  to  list  merely  their  names  ("both 
registered  engineers  and  graduate  engineers  would  be  voluntary  listees 
with  the  Committee"),  also  too,  our  520  students  would  be  expected 
presumably  to  leave  the  Association  and  to  join  The  Institute. 

One  can  justifiably  criticise  Mr.  Pratley  for  selecting  a  passion- 
raising  word  such  as  "compelled"  or  "compulsion" — it  is  provocative. 
Note: — He  would  use  the  very  powers  of  the  Associations  which  he 
tacitly  condemns  by  his  use  of  the  word  "compulsion,"  to 
compel  professional  engineers  to  seek  membership  in  The 
Institute,  but  he  uses  the  much  quieter  terms  of  "definitely 
include" — and  later  he  uses  even  the  non-provocative  terms 
"reasonably  be  required." 

Quotation 

"The  graduate  engineer  might  reasonably  be  required  to  become 
a  corporate  member  of  the  national  body." 

"As  to  the  accomplishment  of  this  new  consolidation. ..  the 
principal  requirement  is  the  'will'." 

Comment 

It  is  required  of  the  Association  to  have  the  "will"  to  degrade  the 
Associations,  not  so  much  to  merge  them,  but  to  submerge  them,  and 
in  B.C.  we  must  have  the  "will"  to  give  up  618  members, — to  lose  our 
name,  etc.  etc.  Would  any  organizations  of  any  type  whatsoever  agree 
to  negotiations  leading  almost  to  such  complete  submerging  ? 

Quotation 

[  (Associations  will)  ]  "of  necessity  surrender  this  extreme  and 
logically  untenable  position  in  favour  of  the  logical  attitude  that 
a  certain  well-defined  group  of  engineers  who . . .  receive  licenses," 
a  chosen  few. 

Comment 

There  is  no  need  for  further  comment  on  this.  Such  an  idea  is 
totally  contrary  to  the  philosophy  of  all  registration  acts  (already  dealt 
with  on  Page  One  of  this  memorandum.) 

Quotation 

"It  is  quite  possible  that  alterations  to  some  of  the  existing 
acts  would  ultimately  be  required  but .  . .  there  would  not  seem  to 
be  any  overwhelming  reason  .  . .  and  the  alteration  in  the  acts 
delayed  until  two  or  three  years." 

Comment 

The  administrators  of  the  Acts  have  a  duty  to  perform  to  the 
Governments  who  granted  their  Acts  and  any  Association  which  con- 
templated operating  their  Acts  illegally  for  two  or  three  years,  would 
deserve  to  have  the  Act  repealed. 

Quotation 

"The  proposal .  . .  has  the  further  value  that  The  Institute  can 
keep  open  its  doors  to  all  those  worthy  contributors  to  the  progress 
of  engineering  who  may  never  reach  professional  status." 

Comment 

Does  the  Canadian  Medical  Association  grant  membership  to 
orderlies,  because  they  are  "worthy  contributors  to  the  progress  of 
medicine?"  Does  the  Canadian  Bar  Association  open  its  ranks  and 
grant  membership  to  hack  law  clerks  or  male  stenographers  on  the  plea 
that  they  are  "worthy  contributors  to  the  progress  of  law?"  Does  the 
Ai'chitectural  Institute  of  Canada  open  its  doors  to  draftsmen  on  the 
same  fallacy?  No.  The  national  body  of  all  of  the  professions  is  and 
must  be  a  rigidly  strictly  professional  body. 

Vancouver,  B.C.  E.  A.  W. 

September,  1935. 

{Note: — The  above  analysis  was  accompanied  by  a  proposal  to 
hold  a  meeting  of  the  Presidents  and  Secretaries  of  all  the  Provincial 
Professional  Associations  and  the  members  of  the  Committee  of  Eight 
in  Montreal,  in  January  1936,  to  determine  the  basic  principles  on  which 
Consolidation  can  be  effected  from  the  point  of  view  of  the  Provincial 
Professional   Associations.) 
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Preliminary   Notice 

of  Applications  for  Admission  and  for  Transfer 


October  31st,  1935 

The  By-laws  provide  that  the  Council  of  The  Institute  shall 
approve,  classify  and  elect  candidates  to  membership  and  transfer 
from  one  grade  of  membership  to  a  higher. 

It  is  also  provided  that  there  shall  be  issued  to  all  corporate 
members  a  list  of  the  new  appUcants  for  admission  and  for  transfer, 
containing  a  concise  statement  of  the  record  of  each  applicant  and 
the  names  of  his  references. 

In  order  that  the  Council  may  determine  justly  the  eligibility 
of  each  candidate,  every  member  is  asked  to  read  carefully  the  list 
submitted  herewith  and  to  report  promptly  to  the  Secretary  any  facts 
which  may  afTect  the  classification  and  selection  of  any  of  the  candidates. 
In  cases  where  the  professional  career  of  an  applicant  is  known  to  any 
member,  such  member  is  specially  invited  to  make  a  definite  recom- 
mendation as  to  the  proper  classification  of  the  candidate.* 

If  to  your  knowledge  facts  exist  which  are  derogatory  to  the 
personal  reputation  of  any  appHcant,  they  should  be  promptly  com- 
municated. 

Communications  relating  to  applicants  are  considered  by 
the  Council  as  strictly  confidential. 


The  Council  will  consider  the  applications  herein  described  in 
December,  1935. 

R.  J.  DuRLEY,  Secretary. 


•The  professional  requirements  are  as  follows. — 

A  Member  shall  be  at  least  thirty-five  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  twelve  years,  which  period  may  include 
apprenticeship  or  pupilage  in  a  qualified  engineer's  office,  or  a  term  of  instruction  in  a 
school  of  engmeenng  recognized  by  the  Council.  The  term  of  twelve  years  may,  at 
the  discretion  of  the  Council,  be  reduced  to  ten  years  in  the  case  of  a  candidate  for 
election  who  has  graduated  from  a  school  of  engineering  recognized  by  the  Council. 
In  every  case  the  candidate  shall  have  held  a  position  in  which  he  had  responsible 
charge  for  at  least  five  years  as  an  engineer  qualified  to  design,  direct  or  report  on 
engineering  projects.  The  occupancy  of  a  chair  as  a  professor  in  a  faculty  of  applied 
science  of  engineering,  after  the  candidate  has  attained  the  age  of  thirty  years,  shall 
be  considered  as  responsible  charge. 

An  Associate  Member  shall  be  at  least  twenty-seven  years  of  age,  and  shall  have 
been  engaged  in  some  branch  of  engineering  for  at  least  six  years,  which  period  may 
include  apprenticeship  or  pupilage  in  a  qualified  engineer's  office  or  a  term  of  instruction 
in  a  school  of  engineering  recognized  by  the  Council.  In  every  case  a  candidate  for 
election  shall  have  held  a  position  of  professional  responsibility,  in  charge  of  work  as 
principal  or  assistant,  for  at  least  two  years.  The  occupancy  of  a  chair  as  an  assistant 
professor  or  associate  professor  in  a  faculty  of  applied  science  of  engineering,  after  the 
candidate  has  attained  the  age  of  twenty-seven  years,  shall  be  considered  as  v>ro- 
fessional  responsibility. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council  shall  be  required  to  pass  an  examination  before  a  board  of  examiners 
appointed  by  the  Council.  The  candidate  shall  be  examined  on  the  theory  and  practice 
of  engineering,  with  special  reference  to  the  branch  of  engineering  in  which  he  has  been 
engaged,  as  set  forth  in  Schedule  C  of  the  Rules  and  Regulations  relating  to  Examina- 
tions for  Admission.  He  must  also  pass  the  examinations  specified  in  Sections  9  and  10, 
if  not  already  passed,  or  else  present  evidence  satisfactory  to  the  examiners  that  he 
has  attained  an  equivalent  standard.  Any  or  all  of  these  examinations  may  be  waived 
at  the  discretion  of  the  Council  if  the  candidate  has  held  a  position  of  professional 
responsibility  for  five  or  more  years. 

A  Junior  shall  be  at  least  twenty-one  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  four  years.  'This  period  may  be  reduced  to 
one  year  at  the  discretion  of  the  Council  if  the  candidate  for  election  has  graduated 
from  a  school  of  engineering  recognized  by  the  Council.  He  shall  not  remain  in  the 
class  of  Junior  after  he  has  attained  the  age  of  thirty-three  years,  unless  in  the  opinion 
of  Council  special  circumstances  warrant  the  extension  of  this  age  limit. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council,  or  has  not  passed  the  examinations  of  the  third  year  in  such  a  course, 
shall  be  required  to  pass  an  examination  in  engineering  science  as  set  forth  in  Schedule  B 
of  the  Rules  and  Regulations  relating  to  Examinations  for  Admission.  He  must  also 
pass  the  examinations  specified  in  Section  10,  if  not  already  passed,  or  else  present 
evidence  satisfactory  to  the  examiners  that  he  has  attained  an  equivalent  standard. 

A  Student  shall  be  at  least  seventeen  years  of  age,  and  shall  present  a  certificate 
of  having  passed  an  examination  equivalent  to  the  final  examination  of  a  high  school, 
or  the  matriculation  of  an  arts  or  science  course  in  a  school  of  engineering  recognized 
by  the  Council. 

He  shall  either  be  pursuing  a  course  of  instruction  in  a  school  of  engineering 
recognized  by  the  Council,  in  which  case  he  shall  not  remain  in  the  class  of  Student  for 
more  than  two  yesirs  after  graduation;  or  he  shall  be  receiving  a  practical  training  in 
the  profession,  in  which  case  he  shall  pass  an  examination  in  such  of  the  subjects  set 
forth  in  Schedule  A  of  the  Rules  and  Regulations  relating  to  Examinations  for  Ad- 
mission as  were  not  included  in  the  high  school  or  matriculation  examination  which 
he  has  already  passed;  he  shall  not  remain  in  the  class  of  Student  after  he  has  attained 
the  age  of  twenty-seven  years,  unless  in  the  opinion  of  Council  special  circumstances 
warrant  the  extension  of  this  age  limit. 

Aji  Afifiliate  shall  be  one  who  is  not  an  engineer  by  profession  but  whose  pursuits, 
scientific  attainments  or  practical  experience  qualify  him  to  co-operate  with  engineers 
in  the  advancement  of  professional  knowledge. 


The  fact  that  candidates  give  the  names  of  certain  members  as  reference  does 
not  necessarily  mean  that  their  applications  are  endorsed  by  such  members. 


FOR  ADMISSION 

BOYD— DAVID,  of  6-3Gth  Avenue,  Lachine,  Que.,  Born  at  Belfast,  Ireland, 
Sept.  15th,  1902;  Educ,  B..Sc.  (E.E.),  McGill  Univ.,  1928;  With  Dominion  Bridge  Co. 
Ltd.,  as  follow.s:  1923-29,  dftsman  and  checker;  1929-33,  nitce.  supt,;  1933  to  date, 
asst.  works  manager. 

References:  F.  P.  Shearwood,  F.  Newell,  H.  W.  McMillan,  A,  S.  Wall,  C.  V. 
Christie. 

GODDARD— HAROLD  OLIVER,  of  Montreal,  Que.,  Born  at  Montreal,  Aug. 
26th,  1906;  Educ,  B.Sc,  McGill  Univ.,  1928;  1923-24,  elevator  repair  helper,  Henry 
Morgan  &  Co.  Ltd.;  Summers:  1925,  clerk,  C.N.R.,  1926,  tracer,  Northern  Electric 
Co.,  1927,  and  May  1928  to  May  1929,  dftsman  and  pump  tester,  Charles  Walmsley 
&  Co.  (Canada)  Ltd.;  1929  (May-Aug.),  dftsman  and  pump  tester,  Dominion  Engrg. 
Works  Ltd.;  1929-30,  foreman  in  mechl.  operating  dept.,  Laurentide  Divn.,  1930-32, 
dftsman  and  junior  engr.,  Belgo  Divn.,  1932  (May-Aug.),  log  pile  surveys,  Laurentide, 
Belgo  and  Wayagamack  Divns.,  Consolidated  Paper  (5orpn.;  July  1932  to  date,  engr. 
on  research,  estimates,  dfting  and  supervision  of  constrn.,  Nichols  Engineering  and 
Research  Corpn.  of  Canada  Ltd.,  Montreal,  Que. 

References:  A.  R.  Roberts,  C.  E  Herd,  G.  Claxton,  E.  B.  Wardle,  C.  Thomson, 
W.  B.  Scott,  H.  E.  Bates,  C.  U.  R.  Vessot. 

KINGHORN— HAYWARD  COBURN,  of  1043  Patrick  St.,  Victoria,  B C,  Born 
at  Fredericton,  N.B.,  Oct.  9th,  1886;  Educ,  B.Sc.  (Forestry),  Univ.  of  N.B.,  1911; 
1910-12,  forest  asst.  in  B.C.;  1912  15,  forest  asst.,  B.C.  Forest  Branch;  1915-19,  over- 
seas, Lieut.,  Can.  Engrs.;  1919-20,  forest  asst.  with  the  N.B.  Fore.st  Service;  1920- 
22,  forest  engr.,  C.P.R.,  Dept.  Natural  Resources,  in  B.C.;  1922-23,  forest  engr.,  tim- 
ber estimating,  in  B.C.,  for  Ryan-Hibbarson  Timber  Co.,  Victoria,  B.C.;  1923-29, 
private  forest  engrg.  business,  Cranbrook,  B.C.;  1929-31,  forest  engr.,  in  charge  of 
timber  survey  in  connection  with  the  survey  of  resources  of  the  P.G.E.  Rly.  lands  in 
Northern  B.C.,  ground  and  aerial  surveys;  1931-33,  private  practice  as  consltg.  forester 
and  general  forestry  work  in  B.C.;  1933  to  date,  asst.  engr.,  Dept.  National  Defence, 
on  highway  projects  and  emergency  landing  fields  in  M.D.  No.  11,  British  Columbia. 

References;  F.  C.  Green,  H.  L.  Swan,  O.  W.  Smith,  E.  C.  G.  Chambers,  C.  R. 
Crysdale. 

MacMILLAN— DOUGLAS  CL.\YTON,  of  11  Peter  St.,  Port  Arthur,  Ont., 
Born  at  Midland,  Ont ,  July  23rd,  1901;  Educ,  Private  study  and  corres.  course  in 
reinforced  concrete  engrg.;  1918-27,  with  the  Midland  Shipbuilding  Co.,  Midland, 
Ont.,  as  follows:  1918-23,  ap'ticed  as  ship  dftsman.;  192.3-25,  ship  dftsman.;  1925-27, 
designer  on  all  types  of  lake  freighters,  tugs,  scows,  water  tanks  and  hoisting  booms; 
1927-32,  with  C.  D.  Howe  &  Co.,  Port  Arthur,  Ont.,  on  layout,  design  and  checking 
design  on  all  types  of  wooden,  steel  and  reinforced  structures  connected  with  grain 
elevators;  field  engr.  on  constrn.  of  grain  elevator  and  power  house  at  Churchill,  Man.; 
1932-.34,  intermittently  with  Dept.  of  Public  Works,  Ottawa,  as  inspr.  on  constrn.  of  a 
rubble  mound  breakwater  at  Port  Arthur,  and  with  the  Ontario  Dept.  of  Northern 
Development,  as  asst.  engr.  on  highway  location  and  constrn.;  1934-35,  with  Dept.  of 
Northern  Development,  Port  Arthur,  as  office  engr.  on  layout  and  mtce.  of  township 
roads,  layout  and  design  of  timber  and  concrete  bridges;  at  present,  engr.  on  grain 
elevator  design,  C.  D.  Howe  &  Co.,  Port  Arthur,  Ont. 

References:  C.  D.  Howe,  R.  B.  Chandler,  P.  E.  Doncaster,  J.  M.  Fleming,  G.  R. 
McLennan. 

McLENNAN— DUNCAN  OSBORNE,  of  Ottawa,  Ont.,  Born  at  Ottawa,  April 
11th,  1905;  Educ,  B.Sc,  (Forestry),  Univ.  of  N.B.,  1931;  1923-24,  rodman,  Riordon 
Co.;  1924-25,  instr'man.,  1925,  pile  inspr.,  1926-27,  tower  inspr.,  Candn.  International 
Paper  Co  ;  1928-29  (summers),  asst.  to  woods  supt..  The  Bronson  Co.;  1930  (summer), 
asst.  forest  engr.,  and  1931  to  date,  forest  engr.,  E.  B.  Eddy  Co.  Ltd.,  Hull,  Que. 

References:  H.  Kennedy,  F.  E.  Bronson,  C.  M.  Pitts,  W.  S.  Kidd,  G.  R.  Turner. 

PATERSON— JAMES  WILSON,  of  Ottawa,  Ont.,  Born  at  Glasgow,  Scotland, 
Sept.  9th,  1896;  Educ,  1912-14,  and  1928-29,  Royal  Technical  College,  Glasgow;  1912- 
14,  shop  training,  St.  RoUox  Loco.  Works,  Cilasgow;  1917,  Imperial  Munitions  Board, 
gauges  and  standards,  Ottawa;  1917-28,  woods  dept.,  J.  R.  Booth,  Ltd.,  Ottawa. 
Various  capacities,  finally  as  district  woods  supt.;  1929,  dftsman.  and  surveyor,  engrg. 
dept.,  and  from  1929  to  date,  asst.  woods  manager,  E.  B.  Eddy  Co.  Ltd.,  Hull,  Que. 

References:  H.  Kennedy,  W.  S.  Kidd,  A.  N.  Ball,  F.  M.  Pratt. 

RIVARD— JEAN  GUALBERT,  of  Ottawa,  Ont.,  Born  at  Les  Grondines,  Que  , 
Aug.  19th,  1933;  Educ,  Forestry  Engr.,  Forestry  School,  Laval  Univ.,  Quebec,  1926; 
1926-23,  land  surveying,  levelling,  Henri  Belanger,  Q.L.S.;  1929-30,  forestry  engrg., 
Quebec  Forestry  Service;  1930  to  date,  land  surveying,  aerial  survey,  forest  mensura- 
tion, and  forest  surveys  in  general,  and  at  present  chief  forest  engr.,  E.  B.  Eddy  Co. 
Ltd.,  Hull,  Que. 

References:  H.  Kennedy,  P.  Joncas,  W.  S.  Kidd,  A.  N.  Ball,  G.  Stephenson. 

SCOTT— LEWIS  JOHN,  of  Grand  Falls,  Nfld.,  Born  at  St.  John's,  Nfld.,  Sept. 
4th,  1900;  Educ,  B.Sc  ,  McGill  Univ.,  1923;  192.3-24,  erection  shop,  1924-25,  dftsman., 
Doni.  Engrg.  Works,  Lachine;  1925-26,  dftsman.,  Charles  Walmsley  &  Co.,  Bury, 
Lanes.;  1926-30,  asst.  engr.,  engrg.  dept.,  1930-35,  in  charge  of  control  statistical  office, 
and  at  present,  asst.  purchasing  agent,  Anglo-Newfoundland  Development  Co.,  Grand 
Falls,  Nfld. 

References:  G.  F.  Hardy,  C.  M.  McKergow,  H.  S.  Windeler,  F.  M.  Pratt,  J.  J. 
O'Sullivan. 

SOMERVILLE— ARCHIBALD  LAURENCE  HAROLD,  of  Calgary,  Alta., 
Born  at  Winnipeg,  Man.,  Aug.  30th,  1898;i  Educ,  B.A.Sc.  |(Mech.),'  Univ.  of  B.C., 
1923.  R.P.E.  of  B.C.;  Various  positions  during  college  vacations;  1924-27,  engr.  on 
design  of  C.P.R.  Pier  B-C,  Vancouver;  1927-28,  field  engr.  inspr.  and  res.  engr.  on 
terminal  grain  elevator  constrn.  for  C.  D.  Howe  &  Co.  Ltd.,  Port  Arthur,  Ont.;  1928- 
33,  res.  engr.  on  public  bldgs.,  terminal  docks,  etc,  for  Pacific  Engineers  Ltd.,  of 
Vancouver;  With  Dept.  of  National  Defence  as  follows:  193.3-.34,  asst.  engr.,  group 
hdqrs..  Nelson,  B.C.,  on  highway  constrn.  and  landing  field  constrn.;  1934  to  date, 
engr.,  district  hdqrs.,  Calgary.  Supervision  of  highway  and  intermediate  landing 
field  constrn.,  constrn.  of  camps,  estimates,  purchasing,   etc.  (Unemployment  relief). 

References:  P.  F.  Peele,  C.  D.  Howe.  E.  A.  Wheatley,  J.  P.  Coates,  R.  S.  Trows- 
dale 

WATERS— ALLAN  JAMES,  of  Vancouver,  B.C.,  Born  at  Forest  Row,  Sussex, 
England,  Oct.  19th,  1866;  Educ,  1882-85,  articled  pupil  to  registered  architect  and 
engineer  at  East  Grinstead,  Sussex;  1886-1890,  improver.  District  Board  of  Works, 
Lewisham,  England;  1890-92,  London  Metropolitan  Board  of  Works,  Wandsworth 
District;  1892-96,  dftsman.,  civil  engrg.  dept,,  H.M.  Naval  Yard,  Devonport,  England; 
1836-98,  officer  in  charge  of  works  dept.,  H.M.  Naval  Yard,  Halifax,  N.S.;  1898-99, 
Admiralty  Head  Office,  London,  England;  1899-1902,  civil  engr.  in  charge.  Island  of 
Ascension,  W.  Africa;  1903-04,  civil  and  mining  engr..  South  Africa;  1904-06,  engrg. 
dept,,  Johannesburg  Municipality,  S.  Africa;  1906-07,  harbour  works,  Ferro  Concrete 
Co.  of  Australia,  Melbourne;  1907-09,  engrg.  dept,,  Auckland  City  Council,  New 
Zealand;  1909-12,  sewerage  system,  waterworks,  etc.,  Nanaimo,  B.C.;  1912-16,  Prov. 
Govt,  of  B.Ci.,  Victoria;  1916-19,  British  Admiralty  on  war  service,  asst.  engr.  on 
harbour  works  at  Scapa  Flow,  and  later  on  aeronautical  inspection  duties;  1919-21, 
installn.  of  addition  to  plant,  B.C.  Electric  Power  and  Gas  Co.;  1921-22,  engrg.  work, 
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Municipality  of  Seattle,  Wash.;  1924-28.  representing  and  supervising  works  in  Arizona 
and  California  for  Myron  Hunt  and  Chamber,  Archts.  and  Engrs.,  Los  Angeles; 
1930-34,  supervising  erection  of  new  plant,  B.C.  Electric  Power  and  Gas  Co.;  at 
present,  asst.  engr.  on  appraisal,  B.C.  Electric  Rly.  Co.,  Vancouver,  B.C. 

References:  W.  G.  Swan,  A.  C.  Eddy,  P.  H.  Buchan,  C.  E.  Cartwright,  E.  A. 
Cleveland,  W.  H.  Powell. 

WORLD— HARRY  P.,  of  Toronto,  Ont.,  Born  at  Toronto,  Aug.  10th,  1904; 
Educ,  1919-24,  Toronto  Technical  School;  Private  reading  and  research;  1919-24, 
dftsman.,  plant  mtce..  Consumers  Gas  Co.,  Toronto;  1924-26,  dftsman.  and  rodman, 
Toronto,  and  1926  (Mar.-Sept.),  transitman  and  dftsman.,  London,  C.P.R.;  1926-27, 
dftsman.  and  transitman.  McColl  Bros.  Ltd.,  Toronto;  1927  (Mar.-Sept.),  transitman 
and  dftsman.,  C.P.R.,  London,  Ont.;  1928-31,  with  Ross  &  MacDonald,  .\rchitects, 
Montreal,  as  asst.  supt.  and  supt.  on  various  constrn.  jobs,  including  the  Royal  York 
Hotel,  and  Eaton's  College  St.  store,  Toronto;  1932,  supt.  on  constrn.,  Burroughs 
Bldg.,  London,  Ont.,  for  E.  F  Wright,  Toronto;  1932-.34,  asst.  job.  engr  ,  constrn.  of 
Victoria  Park  filtration  plant  for  City  of  Toronto,  for  Northern  Constrn.  Co  Ltd  , 
and  J.  W.  Stewart  Ltd.;  1934-35,  dftsman.,  bldg.,  alterations,  property  dept..  City  of 
Toronto;  at  present,  res.  engr.,  representing  Col.  Mackenzie  Waters,  supervising  archi- 
tect, on  constrn.  of  Customs  Bldg.  addition,  Toronto,  Ont. 

References:  A.  R.  Holmes,  B.  Ripley,  V.  A.  G.  Dey,  C.  R.  Redfern,  P.  N.  Gross, 
R.  W.  Willis,  W.  J.  Armstrong,  E.  A.  H.  Mengcs. 

FOR  TRANSFER  FROM  THE  CLASS  OF  ASSOCIATE  MEMBER  TO  THAT 
OF  MEMBER 

WALKER— .lAMES  ALEXANDER,  of  5612  Laval  Road,  University  Hill,  Van- 
couver, B.C.,  Born  at  Guelph,  Ont.,  Aug.  6th,  1887-  Educ,  Diploma,  C.E.,  1908, 
B.A.Sc,  1910,  Degree  of  C.E.,  1926,  Univ.  of  Toronto;  B.C.L.S.,  1912;  R.P.E.  of  B.C.; 
1903-04  (summers)  and  1905,  city  engr's  office,  Guelph,  Ont.;  1906  (summer),  asst. 
with  Chataway  &  Jephson,  Winnipeg,  Man;  Summer  1907  and  1909,  and  May  1910  to 
Jan.  1911,  land  surveying,  etc.,  at  Nelson,  B.C.;  Summer  1908,  Yukon  Gold  Co., 
Dawson,  Y.T.;  1908-09,  Fellow  in  surveying  and  drawing,  Univ.  of  Toronto;  1911 
(Feb-Apr),  city  engr's  office.  Moose  Jaw,  Sask.;  1911-12,  chief  examiner  of  survey 
notes,  Dept.  of  Lands,  Victoria,  B.C.;  1912,  in  charge  of  land  survey  for  Prov.  Govt., 
Fort  George,  B.C.;  1912-13,  land  surveying,  city  surveys,  Victoria,  B.C.;  1913-14,  in 
charge  land  survey  party  for  Prov.  Govt.,  also  land  ties,  for  G.T.P.  Rly.;  1914-16, 
private  practice,  engrg.  and  surveying,  Vancouver,  B.C.;  1916,  enlisted  for  overseas 
service,  rejected,  and  in  1917,  transferred  to  Can.  Artillery,  Lieut.,  Hdqrs.  Staff, 
Ottawa;  1917-19,  inspecting  and  testing  engr.  for  artillery  and  engrs'  stores  pur- 
chased in  Canada  and  U.S  A.;  1919  to  date,  in  private  practice,  and  at  present,  En- 
gineer-Secretary, Vancouver  Town  Planning  Commission,  Vancouver,  B.C.  (St.  1900, 
Jr.  1911,  A.M.  1917.) 

References:  C.  Brakenridge,  E.  A.  Cleveland,  A.  S.  Gentles,  W.  G.  Swan,  E.  A. 
Wheatley,  A.  C.  R.  Yuill. 

WILSON— JOHN  ARMITSTEAD,  of  Ottawa,  Ont.,  Born  at  Broughty  Ferry, 
Scotland,  Nov.  2nd,  1879;  Educ,  1900-01,  St.  Andrews  Univ.;  1896-1900,  ap'ticeship, 
Jas.  Carmichael  &  Sons  Ltd.;  1901-02,  works  and  drawing  office,  Fairbairn  Macpher- 
sons  Ltd.,  Leeds,  England;  1903  (Jan.-Junel,  asst.  engr..  Union  Mills,  Messrs.  Bird 
&  Co.,  Calcutta,  India;  190-3-05,  with  same  company,  engr.  in  charge  of  all  bidgs  ,  . 
plant,  machy.,  etc,  at  Standard  Mills,  Tittaghur,  and  extension  to  same;  190.5-07. 
asst.  engr.,  Canada  Cement  Co.,  Exshaw,  Alta.;  1907-08,  asst.  engr..  International 
Portland  Cement  Co.,  Ottawa;  1908-09,  partnership  with  A.  N.  Latham,  engrs.  and 
machinists;  1910-20.  director  of  stores  and  contracts.  Dept  of  Naval  Service.  Ottawa; 
1920-22.  secretary,  Air  Board,  Ottawa;  192.3-27,  secretary  and  asst.  director,  R.C.A.F., 
Ottawa;  1927  to  date,  controller  of  civil  aviation,  Dept.  of  National  Defence,  Ottawa. 
(AM.  1910.) 

References:  C.  A.  Magrath,  C.  Camsell,  F.  H.  Peters,  C.  P  Edwards,  J.  L.  Busfield. 

FOR  TRANSFER  FROM  THE  CLASS  OF  JUNIOR 

MIDGLEY— GEORGE  HENRY,  of  Montreal,  Que.,  Born  at  Glasgow,  Scotland, 
Oct.  19th,  1901;  Educ,  B.Sc  (Mech.),  NS  Tech.  Coll.,  1924;  1918-22  (summers), 
mine  and  land  survey  works,  wharf  constrn.,  dfting.,  etc.;  1923-24  (summers),  mach. 
shop;  1924-26,  dfting,  field  work,  etc.,  on  mill  constrn,,  Riordon  Pulp  Corpn  ,  and 
International  Paper  Co.  (Canadian);  With  Dodge  Manufacturing  Co.  as  follows: 
1926-34,  sales  engr.,  Toronto  and  Montreal  offices,  looking  after  engrg.,  estimating, 
sales  and  erection  works  in  Prov.  of  Quebec  and  the  Maritime  Provinces;  May  1934 
to  date,  sales  manager,  Divn  of  United  Steel  Corpn.  Ltd.,  in  charge  of  all  Montreal 
office  works,  including  engrg.,  sales  and  office  management  (Prov.  of  Quebec,  Mari- 
times  and  Nfld.).     (Jr.  1928.) 

References:  K.  H  Marsh,  W.  S.  Wilson,  E.  A.  Ryan,  F.  O.  White,  W.  S.  Kidd,  A.  N. 
Ball.  J.  H.  M.  Jones,  R.  Ford.  L.  S.  Dixon. 

SINCLAIR— ARCHIBALD  BEAIRSTO.  of  Kenogami,  Que  .  Born  at  Truro. 
N.S.,  Apr.  ,3rd,  1902;  Educ.  B.Sc.  (E.E.),  Univ.  of  Man.,  1927.  Grad.,  National 
Radio  Institute;  1922-23,  field  engr.,  Manitoba  Power  Co.,  Grand  Falls;  Summers: 
1924-2.5-26,  electrn.,  material  checker  and  dftsman.;  1927-28,  student,  Canadian  West- 
inghouse  Co.,  Hamilton,  Ont.;  1928-31,  asst.  to  gen.  elec'l.  supt..  Price  Bros.  &  Co 
Ltd.,  and  1931  to  date,  chief  operator,  Kenogami  substation,  for  same  companv. 
(St.  1927,  Jr.  1928.) 

References:  G.  F.  Layne,  F  L.  Lawton,  J.  F.  Plow,  J.  N.  Finlayson,  J.  Shanly. 

FOR  TRANSFER  FROM  THE  CLASS  OF  STUDENT 

BROWNIE— FRANK  AUSTIN,  of  Edmonton,  Alta  ,  Born  at  Montreal,  Que., 
Apr.  16th,  1908;  Educ,  B.Sc.  (Civil),  Univ.  of  Alta.,  1934;  Summer  work;  1928-29-30, 
chainman,  rodman,  instr'man.,  C.P.R.  townsite  surveys;  1931,  rodman,  constrn.  of 
Glenmore  water  supply,  Calgary;  1934,  instr'man  on  Seismic  Survey,  for  Dominion 


Gas  .Service  Ltd.,  Calgary;  Nov.  1934  to  date,  with  assessment  branch,  dept.  of  muni 
cipal  affairs,  Edmonton,  at  present  as  inspector  of  assessment.     («SI(.  1932.) 
References:  R.  S.  L.  Wilson,  F.  K.  Beach,  M.  L.  Gale,  H.  R.  Webb. 

GRAIN— HAROLD  FOWLER,  of  Ottawa,  Ont.,  Born  at  Ottawa,  Feb.  28th, 
1908;  Educ,  B.Sc,  Queen's  Univ.,  1932;  1927-31  (summers),  pressman.  Grain  Printers, 
Ltd.;  1931,  dftsman,  E.  B.  Eddy  Co.  Ltd.;  1932  to  date,  with  Grain  Printers  I,td  , 
estimating,  lithographing  dept.,  and  from  Feb.  1933,  vice-president  in  charge  of  pro- 
duction.     (St.  1932.) 

References:  W.  S.  Kidd,  C,  M.  Pitts,  L.  T.  Rutledge,  G.  Stephenson,  L.  M.  Arkley. 

CRAWFORD— JAMES  MERRILL,  of  3427  Harvard  Ave.,  Montreal.  Que..  Born 
at  Howick,  Que.,  May  3rd,  1907;  Educ,  B.Sc,  1929,  M.Eng.,  1932,  McGill  Univ  ; 
1928-29  (summers),  elect'l.  installn.;  1929-30,  demonstrator  in  electr'l.  engrg.,  McGill 
University;  1930  to  date,  elect'l.  engr.,  Shawinigan  Water  and  Power  Co.,  Montreal, 
Que.      (St.  1928.) 

References:  C.  V.  Christie.  G.  R.  Hale,  S.  C.  Hill,  C.  R.  Reid,  B.  C.  Hicks. 

DONNELLY— WILLIAM  DAVID,  of  Asbestos,  Que.,  Born  at  Deseronto,  Ont., 
Sept.  15th,  1904;  Educ,  B.Sc,  Queen's  Univ.,  1925;  1925-26,  stock  layout  man,  1926- 
30,  plant  engr.  dftsman  and  surveyor,  Hudson  Motor  Car  Co.,  Detroit,  Mich.;  1930-32, 
dftsman.  and  estimator,  schedule  dept.,  Canadian  Locomotive  Co.  Ltd.,  Kingston, 
Ont  ;  1934  to  date,  asst.  foreman,  and  at  present  foreman,  friction  materials  dept., 
Canadian  Johns-Manville  Co.,  Asbestos,  Que.     (St.  1924) 

References:  L.  M.  Arkley,  D.  M.  Jemmett,  L.  T.  Rutledge,  C.  G.  R  Armstrong, 
W.  A.  Dawson. 

GAUER— EDWARD,  of  275  Evanson  St.,  Winnipeg,  Man.,  Born  at  Winnipeg, 
Apr.  29th,  1904;  Educ,  B.Sc  (C.E.),  Univ.  of  Man.,  1926;  D.L.S.,  1930,  M.L.S., 
1931;  1928-32,  highway  location  and  surveys,  (3ood  Roads  Board,  Winnipeg,  Man.; 
1932  to  date,  private  and  govt,  surveys,  at  present  in  private  practice  as  land  sur- 
veyor and  municipal  engineer.     (.S(.  1924.) 

References:  G.  H.  Herriot,  >S.  E.  McColl,  J.  N.  Finlayson,  A.  E.  MacDonald. 

JACOBSEN— ERIC  RIVERS,  of  Montreal,  Que.,  Born  at  Calgoorlie,  Australia, 
Sept.  18th,  1906;  Educ,  B.Sc  (C.E.),  1929,  M.Eng.,  1932,  McGill  Univ.;  1924-25. 
shipping  clerk  and  asst.  to  acct..  Maple  Leaf  Asbestos  Mine;  Three  summers,  one  as 
instr'man.,  two  as  field  party  chief,  McClare  &  McClare,  Borough  Engrs.,  State 
of  New  Jersev;  1929  to  date,  designer.  Dominion  Bridge  (io.  Ltd.,  Montreal,  Que. 
(.S'(.  1928.) 

References:  D.  C.  Tennant,  F.  P.  Shearwood,  E.  Brown,  H.  R.  Montgomery,  A.  T. 
Bone,  R.  E.  Jamieson. 

STOREY— THOMAS  EDWARDS,  of  Pointe  du  Bois,  Man.,  Born  at  Brockville, 
Ont.,  Feb.  17th,  1906;  Educ,  B.Sc,  (E.E.),  Univ.  of  Man.,  1928;  1927  (summer), 
instr'man.,  survey  party.  City  of  Winnipeg  Hydro;  1928-29,  test  course  and  engrg. 
office.  Can.  Gen.  Elec  Co.  Ltd.;  With  the  City  of  Winnipeg  Hydro-Electric  System 
as  follows:  1929-31,  elect'l.  layouts,  including  equipment  lighting  and  control  wiring; 
1931-35,  senior  operator.  Slave  Falls;  Feb.  1935  to  date,  chief  operator  at  Slave  Falls 
in  charge  of  operation  and  mtce.     (St.  1926.) 

References:  J.  W.  Sanger,  R.  H.  Andrews,  H.  L.  Briggs,  C.  T.  Barnes,  E.  P. 
Fetherstonhaugh.  A.  E.  MacDonald.  N.  M.  Hall,  W.  M.  Cruthers. 

VINCENT— PAUL,  of  837  Hartland  Ave.,  Outremont,  Que.,  Born  at  Montreal. 
Dec.  St.h,  1906;  Educ,  B.A  Sc,  C.E.,  Ecole  Polytechnitiue,  Montreal,  1934;  1927 
(summer),  quantity  and  report  clerk,  Wayagamack  Pulp  and  Paper  Co.;  asst.  super- 
visor in  bklg.  constrn.,  and  summers  1930-31,  asst.  constrn  engr.,  Heroux  &  Robert 
Ltd.,  Montreal:  1935  (June-Aug.),  asst.  constrn.  engr..  Aluminum  Co.  of  Canada, 
Arvida;  Aug.  1935  to  date,  junior  engr..  Water  Levels  Investigation  Board,  Dept. 
of  Marine,  Ottawa,  Ont.     (>S(.  1934.) 

References:  A.  Frigon,  .1.  A.  Lalonde,  J.  G.  Hall,  A.  Mailhiot,  A.  I.  Cunningham, 
C.  G.  Cline. 

WATSON— HOWARD  DALTON,  of  Winnipeg,  Man.,  Born  at  Vancouver,  B.C., 
Sept.  8th,  1907;  Educ,  B.A.Sc,  Univ.  of  B.C.,  1931;  1925-30  (summers),  operating 
engr.,  marine,  gasoline  and  diesel  engines;  1931-35,  mtce  ,  erection,  design  of  and 
estimates  on  refrigerating  equipment,  and  at  present  branch  manager,  Linde  Canadian 
Refrigeration  Co   Ltd.,  Winnipeg,  Man.    (St.  1.931.) 

References:  W.  H.  Powell.  W.  R.  Duckworth.  T.  Kipp. 

WHE.\TLEY— ERIC  EDMUND,  of  657  Belmont  Ave.,  Westmount,  Que., 
Born  at  Montreal,  Sept.  2nd,  1907;  Educ,  B.Sc,  McGill  Univ.,  1930;  Summers: 
1927,  dftsman..  Northern  Electric  Co.  Ltd.,  1928-29,  mech.  and  structl.  dfting.,  Dom 
Bridge  Co.  Ltd  ;  1930-32,  mech.  dfting  and  designing,  Dom.  Bridge  Co.  Ltd.;  1932-35, 
demonstrator,  mech.  engrg.  dept.,  McGill  tiniv.;  April  1935  to  date,  sales  engr,, 
Jenkins  Bros.  Ltd.,  Montreal.     (iS(.  19.30.) 

References:  C.  M.  McKergow,  A.  Peden,  C.  K.  MiLeod,  A  R.  Roberts,  L.  R. 
McCurdy. 

WHITSON— DUNCAN  DAVID,  of  617  Huron  St.,  Toronto,  Ont.,  Born  at 
Toronto,  Feb.  2nd,  1903;  Educ,  B.A.Sc,  Univ.  of  Toronto,  1926;  Summers:  1919-20, 
rodman,  chainman,  Toronto  Harbour  Commn  ;  1921,  Dept.  of  Northern  Develop- 
ment; 1923,  struct'!,  dftsman.,  McGregor  &  Mclntyre  Ltd.;  1924,  dftsman..  Bell 
Telephone  Co.;  1926-27,  dfting  room  demonstrator,  Univ.  of  Toronto;  1927-28,  struct'l 
dfting  and  designing,  Harkness,  Loudon  &  Hertzberg,  Toronto;  1928  to  date,  struct'l 
engr.,  dept.  of  bldgs,.  City  of  Toronto.  Checking  designs  of  all  classes  of  wood,  steel 
and  concrete  bldgs.,  tanks,  bins,  etc  Also  in  charge  of  struct'l.  design  of  misc.  bldgs 
for  the  city  during  19.32  and  19.33.     (St.  1926.) 

References:  A.  H.  Harkness.  C.  S.  L.  Hertzberg,  L.  A.  C.  Lee,  A.  U.  Sanderson, 
J.  R.  Cockburn,  J.  W.  Falkner,  G.  L.  Wallace,  W.  S.  Wilson. 
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EMPLOYMENT   SERVICE   BUREAU 

The  Service  is  operated  for  the  benefit  of  members  of  The  Engineering  Institute  of  Canada, 

and  for  industrial  and  other  organizations  employing  technically  trained  men — 

without  charge  to  either  party. 

Ail  correspondence  should  be  addressed  to 

The  Employment  Service  Bureau,  The  Engineering  Institute  of  Canada 

2050  Mansfield  Street,  Montreal 


Situation  Vacant 

SALES  ENGINEER.  Applicationa  will  be  received  for 
the  position  of  sales  engineer  with  a  steel  fabricating 
company.  Applicants  must  have  at  least  ten  years 
experience  in  detailing  and  design  of  steel  structures  and 
preferably  some  experience  in  estimating  and  selling. 
Graduate  engineer  and  member  of  E.I.C.  preferred. 
State  fully,  qualifications.     Apply  to  Box  No.  1208. 

Civil  Service  of  Canada 

JUNIOR  ENGINEERS 

24466. — Two  junior  engineers  in  the  Airworthiness 
Branch,  the  Aeronautical  Engineering  Division,  Depart- 
ment of  National  Defence,  Ottawa,  initial  salary  $1,800 
per  annum,  which  may  be  increased  at  the  rate  of  $120 
per  annum,  until  a  maximum  of  $2,160  has  been  reached. 

Duties. — Under  direction,  to  make  computations  in  con- 
nection with  engineering  work,  and  to  perform  other 
related  work  as  required.  Under  direction  to  make  de- 
tailed calculations  in  connection  with  determining  the 
airworthiness  of  aircraft;  to  assist  in  making  mechanical 
tests  to  determine  the  strength  of  aircraft  components; 
under  direction  to  examine  drawings  of  aircraft  and 
aircraft  engines  to  see  that  they  comply  with  the  require- 
ments for  airworthiness. 

Qualifications  Required. — Graduation  from  a  university 
of  recognized  standing  in  Applied  Science;  two  years  of 
engineering  experience,  which  should,  if  possible,  be  in 
conjunction  with  aeronautical  engineering;  aptitude  for 
making  difficult  mathematical  calculations;  the  depart- 
ment will  not  accept  candidates  who  have  passed  their 
twenty-ei&hth  birthday  on  the  date  of  examination. 

Application  forms  properly  filled  in  must  be  filed  with  the 
Civil  Service  Commission,  Ottawa,  not  later  than 
November  28,  1935.  Application  forms  may  be  obtained 
from  the  offices  of  the  Employment  Service  of  Canada, 
from  the  Postmasters  at  any  City  Post  Office,  The  Engi- 
neering Institute  of  Canada,  or  from  the  Secretary  of  the 
Civil  Service  Commission,  Ottawa. 

Candidates  must  be  British  subjects,  and  have  resided 
in  Canada  for  at  least  five  years. 

Situations  Wanted 

REINFORCED  CONCRETE  ENGINEER,  b.sc,  p.e.q., 
eight  years  experience  in  construction  design  of  industrial 
buildings,  office  buildings,  apartment  houses,  etc.  Age 
30.     Married.     Apply  to  Box  No.  257-W. 

DESIGNING  DRAUGHTSMAN,  experience  in  layout 
of  steam  power  house  equipment  and  piping.  Wide 
experience  in  mechanical  drive  and  details  of  machinery, 
gearing,  and  hoists.  Accustomed  to  layout  of  small  mill 
buildings  of  steel  and  timber,  structural  design  and 
details.  Good  references.  Present  location  Montreal. 
Apply  to  Box  No.  329-W. 

ENGINEER  AND  ACCOUNTANT,  jr.E.i.c,  (Capt. 
Can.  Engrs.,  reserve).  Age  35,  Canadian.  ExperieLced 
in  mechanical  and  civil  engineering,  Diploma;  general 
office,  draughting  and  instrument  work ;  assistant  engineer 
erection  Royal  York  hotel;  assistant  resident  engineer 
T.  &  N.O.  Ry.  const.  Desires  position  in  Toronto 
where  combination  of  technical  and  business  experience 
will  be  of  value,  as  have  been  director  and  accountant 
last  three  years.     Apply  to  Box  No.  377-W. 

CIVIL  ENGINEER,  b.a.sc.  and  c.e.;  a.m.e.i.c,  a.m. 
A.S.C.E.,  age  32,  married.  Experience  over  twelve  years 
as  assistant  and  resident  engineer  on  the  construction  of 
hydro-electric,  railway,  and  aerodrome  works.  Also 
office  and  teaching  work  on  hydraulic  designs  and 
investigations,  reinforced  concrete,  bridge  foundations 
and  caissons.  Location  immaterial.  Available  at  once. 
Apply  to  Box  No.  447-W. 

CONSTRUCTION  ENGINEER,  age  26,  unmarried, 
graduate  C.E.  Experience  includes  hydro-electric,  rail- 
road, highway,  and  industrial  plant  construction,  both 
field  and  office,  including  cost  accounting,  estimating, 
stores,  layout,  general  engineering  and  supervision,  as 
well  as  practical  work  in  mechanical  trades.  Apply  to 
Box  No.  567-W. 

DOMINION  LAND  SURVEYOR,  and  graduate  engineer 
with  extensive  experience  on  legal,  topographic  and 
plane-table  surveys  and  field  and  office  use  of  aero- 
photographs,  desires  employment  either  in  Canada  or 
abroad.     Available  at  once.     Apply  to  Box  No.  6S9-W. 

DESIGNING  ENGINEER  AND  ESTIMATOR,  grad. 
Univ.  of  Toronto  in  C.E.,  a.m.e.i.c,  twenty  years 
experience  in  structural  steel,  construction  and  munic- 
ipal work.  Available  at  once.  Apply  to  Box  No. 
613-W. 

ELECTRICAL  ENGINEER,  McGill  '31,  desires  per- 
manent position  in  engineering  field.  Experience  in- 
cludes draughting,  designing  and  testing  of  induction 
motors,  radio  supervision  and  test,  and  some  construc- 
tion.   Available  immediately.    Apply  to  Box  No.  626-W. 


Situations  Wanted 

CIVIL  ENGINEER,  a.m.e.i.c,  r.p.e.,  Ontario;  three 
years  construction  engineer  on  industrial  plants;  fourteen 
years  in  charge  of  construction  of  hydraulic  power 
developments,  tower  lines,  sub-stations,  etc.;  four 
years  as  executive  in  charge  of  construction  and  develop- 
ment of  harbours,  including  railways,  docks,  warehouses, 
hydraulic  dredging,  land  reclamation,  etc.  Apply  to 
Box   No.   647-W. 

ELECTRICAL  AND  RADIO  ENGINEER,  b.so.  '30. 
Variously  engaged  on  receiver  development  work,  test- 
ing, and  transformer  development,  under  direction. 
More  recent  experience  includes  transmitter  test  room 
procedure  and  short  wave  beam  transmission  engineer- 
ing    For  further  information  apply  to  Box  No.  680-W. 

MECHANICAL  AND  STRUCTURAL  ENGINEER. 
Six  years  experience  with  prominent  manufacturer, 
designing,  heating  and  power  boilers,  boiler  installations, 
coal  and  ash  handling  equipment.  Good  practical  knowl- 
edge of  steel  plate  work  welding.  Also  wide  experience 
in  designing,  estimating  and  detailing  structural  steel 
for  buildings  and  bridges.  Good  education.  Have  held 
position  of  responsibility.  Above  can  be  verified  by 
best  of  references.  Available  at  once.  Apply  to  Box 
No.  692-W. 

ELECTRICAL  AND  CIVIL  ENGINEER,  b.sc,  Elec, 
'29,  B.sc,  Civil  '33.  Age  27.  jr.E.i.c.  Undergraduate 
experience  in  surveying  and  concrete  foundations;  also 
four  months  with  Canadian  General  Electric  Co.  Thirty- 
three  months  in  engineering  office  of  a  large  electrical 
manufacturing  company  since  graduation.  Good 
experience  in  layouts,  switching  diagrams,  specifica- 
tions and  pricing.  Best  of  references.  Available  im- 
mediately.   Apply  to  Box  No.  693-W. 


Mechanical  Engineers 

During  the  past  month  there  has  been 
considerable  improvement  in  the  demand 
for  mechanical  engineers  both  for  men 
experienced  in  design  and  for  sales  work. 

All  inquiries  have  originated  in  the 
provinces  of  Quebec  and  Ontario  and 
are  for  recent  graduates  with  a  year  or 
two  of  experience,  or  for  men  with  some 
five  or  six  years  experience. 

Unfortunately  a  number  of  these  posi- 
tions are  not  permanent  but  any  young 
mechanical  engineers  unemployed  and 
not  registered  with  the  Employment 
Service  Bureau,  or  not  suitably  located, 
should  communicate  with  Institute  head- 
quarters. 


MECHANICAL  ENGINEER,  b.sc,  '27,  jr.D.i.c.  Four 
years  maintenance  of  high  speed  Diesel  engine  units, 
200  to  1,300  h.p.  Also  maintenance  of  d.c.  and  a.c. 
electrical  systems  and  machinery.  Draughting  expe- 
rience. Westinghouse  apprenticeship  course.  Practical 
mechanical  and  electrical  engineer  with  a  special  study 
of  high  speed  Diesel  engine  design,  application  and 
operation.  Location  in  western  or  eastern  Canada 
immaterial.    Apply  to  Box  No.  703-W. 

COMBUSTION  ENGINEER,  r.p.e.,  Manitoba,  a.m.e.i.c. 
Wide  experience  with  all  classes  of  fuels.  Expert  de- 
signer and  draughtsman  on  modern  steam  power  plants. 
Experienced  in  publicity  work.  Well  known  throughout 
the  west.  Location,  Winnipeg  or  the  west.  Available 
at  once.    Apply  to  Box  No.  713-W. 

ELECTRICAL  ENGINEER,  b.sc,  University  of  N.B., 
'31.  Experience  includes  three  months  field  work  with 
Saint  John  Harbour  Reconstruction.  Apply  to  Box  No. 
722-W. 

CIVIL  ENGINEER,  b.sc.  (Alta.  '31),  s.b.i.c.  Experience 
includes  three  seasons  in  charge  of  survey  party.  Tran- 
sitman  on  railway  maintenance,  and  concrete  bridge 
designing.  Nature  of  work  and  location  immaterial. 
Apply  to  Box  No.  724-W. 


Situations  Wanted 

YOUNG  CIVIL  ENGINEER,  b.sc  (Univ.  of  N.B.  '31), 
with  experience  as  rodman  and  checker  on  railroad 
construction,  is  open  for  a  position.  Apply  to  Box  No. 
728-W. 

MECHANICAL  ENGINEER,  s.e.i.c,  b.a.bc,  Univ. 
of  B.C.  '30.  Single,  age  24.  Sixteen  months  with  the 
Allis-Chalmers  Mfg.  Co.  as  student  engineer.  Ex- 
perience includes  foundry  production,  erection  and 
operation  of  steam  turbines,  erection  of  hydraulic  ma- 
chinery, and  testing  texropes  and  centrifugal  pumps. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  735-W. 

CIVIL  ENGINEER,  m.sc,  a.m.e.i.c,  r.p.e.  (Ont.),  ten 
years  experience  in  municipal  and  highway  engineering. 
Read,  write  and  talk  French.  Married.  Served  in 
France.  Will  go  anywhere  at  any  time.  Experienced 
journalist.    Apply  to  Box  No.  737-W. 

RADIO  AND  ELECTRICAL  ENGINEER,  b.sc.  '31, 
S.B.I.C  Age  27.  Experience  in  installation  of  power 
and  lighting  equipment.  Temporary  operator  in  radio 
station;  studio  experience  with  part  time  announcing. 
Two  summers  in  switchboard  and  installation  depart- 
ment of  telephone  company,  eight  months  on  extensive 
survey  layouts.  Interested  in  sales  work  of  electrical 
or  radio  equipment.  Available  on  short  notice.  Location 
immaterial.    Apply  to  Box  No.  740-W. 

CIVIL  ENGINEER,  b.so.  '29,  a.m.e.i.c  Married.  One 
year  building  construction.  One  year  hydro-electric 
construction  in  South  America,  eighteen  months  resident 
engineer  on  highway  construction,  one  year  on  harbour 
design  and  construction.  Working  knowledge  of  Spanish. 
Apply  to  Box  No.  744-W. 

MANAFACTURERS'  REPRESENTATIVE,  at  present 
doing  business  with  leading  industrial  organizations  in 
Canada,  wishes  to  represent  manufacturers  of  mechan- 
ical equipment.  Such  work  as  would  involve  tech- 
nical data,  and  the  preparation  of  plans  where  necessary, 
would  be  handled  by  an  engineer  whose  experience  with 
outstanding  firms  and  projects,  would  be  valuable  to 
those  seeking  representation.    Apply  to  Box  No.  764-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc.  Queen's  Univ.  '29. 
Age  25.  Married.  Three  years  experience  as  con- 
struction supt.  and  estimator  for  contracting  firm. 
Experience  includes  general  building,  bridges,  sewer 
work,  concrete,  boiler  settings,  sand  blasting  of  bridges 
and  spray  painting.  Available  at  once.  Apply  to  Box 
No.  776-W. 

CIVIL  ENGINEER,  b.sc,  '25,  jr.E.i.c,  p.e..<j,  married. 
Desires  position,  preferably  with  construction  firm. 
Experience  includes  railway,  monument  and  mill 
building  construction.  Available  immediately.  Apply 
to  Box  No.  780- W. 

DRAUGHTSMAN,  experience  in  civil  engineering, 
forestry  engineering,  land  surveying  and  house  con- 
struction.   Good  references.     Apply  to  Box  No.  781-W. 

PLANT  ENGINEER  or  SUPERINTENDENT,  capable 
of  supervising  all  phases  of  industrial  plant  operation, 
graduate  electrical,  eleven  years  diversified  industrial 
experience  including  test  course,  four  years  on  large 
Quebec  industrial  development,  on  construction  and 
operation,  also  six  years  with  prominent  consulting  firm 
supervising  electrical  and  mechanical  engineering 
projects.     Age  31,  single.     Apply  to  Box  No.  795-W. 

CIVIL  ENGINEER,  s.e.i.c,  graduate  '30,  age  23,  single. 
Experience  includes  mining  surveys,  assistant  on  high- 
way location  and  construction,  and  assistant  on  large 
construction  work.  Steel  and  concrete  layout  and 
design.     Apply  to  Box  No.  809-W. 

CIVIL  ENGINEER,  b.e.  (Sask.  Univ.  '32),  s.b.i.c 
Single.  Experience  in  city  street  improvement;  sewer 
and  water  extensions.  Good  draughtsman.  References. 
Available  at  once.  Location  immaterial.  Apply  to  Box 
No.  818-W. 

CIVIL  ENGINEER,  b.a.sc,  d.l.s.,  o.l.s.,  a.m.e.i.c, 
age  46,  married.  Twelve  years  experience  in  charge  of 
legal  field  surveys.  Owns  own  surveying  equipment. 
Eight  years  on  technical,  administrative,  a.nd  editorial 
office  work.  Experienced  in  writing.  Desires  position 
on  survey  work,  assisting  in  or  in  charge  of  preparation 
of  house  organ,  on  staff  of  technical  or  semi-technical 
magazine,  or  on  publicity,  editorial  or  administrative 
officework.  Available  at  once.  Willconsideranysalary, 
and  any  location.     Apply  to  Box  No.  831-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc.  '32  (Univ.  of  N.B.). 
Age  25.  Married.  Two  years  experience  in  power  line 
construction  and  maintenance;  one  year  of  highway 
construction;  one  summer  surveying  for  power  plant 
site,  location  and  spur  railway  line  construction.  Avail- 
able at  once.  Location  immaterial.  Apply  to  Box 
No.  840-W. 

CIVIL  ENGINEER,  b.sc.  '15,  a.m.e.i.c,  married,  exten- 
sive experience  in  responsible  position  on  railway  con- 
struction, also  highways,  bridges  and  water  supplies. 
Position  desired  as  engineer  or  superintendent.  Avail- 
able at  once.     Apply  to  Box  No.  841-W. 

STRUCTURAL  ENGINEER,  b.a.bc,  a.m.e.i.c.  Twenty- 
two  years  experience  in  design  of  bridges  and  all  types 
of  buildings  in  structural  steel  and  reinforced  concrete. 
Three  years  experience  in  railway  construction  and 
land  surveying.    Apply  to  Box  No.  856-W. 
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MECHANICAL  ENGINEER,  b.so.  '32,  s.e.i.c.  Good 
draughtsman.  Undergraduate  experience: — One  year 
moulding  shop  practice;  two  years  pipe  fitting  and  sheet 
metal  work;  one  year  draughting  and  tracing  on  paper 
mill  layout;  six  months  machine  shop  practice;  and 
eight  months  fuel  investigation  and  power  heating 
plant  testing.  De-sires  position  offering  experience  in 
steam  power  plants  or  heating  and  ventilating  design. 
Will  go  anywhere.    Apply  to  Box  No.  858-W, 

SALES  ENGINEER,  a.m.e.i.c,  graduate  engineer,  age  34, 
practical  experience  in  the  manufacture  of  power  plant 
equipment,  thoroughly  conversant  with  Canadian 
power  plant  practice  and  equipment  for  the  metal 
working  industries.  Available  on  short  notice.  Apply 
to  Box  No.  &60-W. 

CHEMICAL  ENGINEER,  b.sc.  (McGill  '21),  a.m.e.i.c, 
age  36,  married;  three  years  since  graduation  with  pulp 
and  paper  mills;  eight  years  in  shops,  estimating  and 
sales  divisions  of  well-known  gasj  engineering  and  con- 
struction companies  in  the  United  States.  Excellent 
references.  Available  on  short  notice.  Apply  to  Box 
No.  866-W. 

ELECTRICAL  ENGINEER,  graduate  1929,  be. i.e. 
Single.  Experience  includes  two  years  with  electrical 
manufacturing  concern  and  one  on  highway  construction 
work.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  887-W. 

Af.ENCIES  WANTED.  Young  engineer,  b.a.sc.  in  c.E., 
with  business  and  sales  experiences,  speaking  fluent 
French,  would  consider  representing  a  firm  as  agent 
for  Montreal  or  the  province  of  Quebec.  Apply  to  Box 
No  891-W. 

ELECTRICAL  ENGINEER,  grad.  Univ.  of  N.B.  '31. 
Kxperienced  in  surveying  and  draughting,  requires 
position.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  893-W. 

CIVIL  ENGINEER,  b.a.bc,  jr.E  i  c,  age  29,  single. 
Experience  includes  two  years  in  pulp  mill  as  draughts- 
man and  designer  on  additions,  maintenance  and  plant 
layout.  Three  and  a  half  years  in  the  Toronto  Buildings 
Department  checking  steel,  reinforced  concrete,  and 
architectural  plans.  Available  at  once.  Location  im- 
material. At  present  in  Toronto.  Apply  to  Box  No. 
899-W. 

DESIGNING  ENGINEER,  a.m.e.i.c.  Permanent  and 
executive  position  preferred  but  not  essential.  Fifteen 
years  experience  in  designing  power  plants,  engine 
and  fan  rooms,  kitchens  and  laundries.  Thoroughly 
familiar  with  plumbing  and  ventilating  work,  pneu- 
matic tubes,  and  refrigeration,  also  heating,  electrical 
work,  and  specifications.     Apply  to  Box   No.  913-W. 

CIVIL  ENGINEER,  b,8c.,  o.p.e.  Experience  includes 
several  years  on  municipal  work-design  and  construction 
of  sewers,  steel  and  concrete  bridges,  watermains  and 
pavements.  Available  at  once.  Apply  to  Box  No. 
950-W. 

CIVIL  ENGINEER,  b.so.  (Univ.  of  Sask.  '33),  s.e.i.c, 
age  28,  single.  Experience  in  testing  hydro-electric 
equipment,  draughting,  surveying,  city  street  improve- 
ments, technical  photography.  Available  at  once.  Lo- 
cation immaterial.    Apply  to  Box  No.  986-W. 

ELECTRICAL  ENGINEER,  s.e.i.c,  b.sc,  (N.S.  Tech. 
Coll.,  '33),  desires  work.  Experience  in  transmission  line 
construction.  Location  or  class  of  work  immaterial. 
Apply  to  Box  No.  1010-W. 

ENGINEER  SUPERINTENDENT,  age  44.  Engineering 
and  business  training,  executive  ability,  tactful,  ener- 
getic. Had  charge  of  several  large  projects.  Intimate 
knowledge  of  costs  and  prices,  reports  and  estimates. 
Available  immediately.  Any  location.  Apply  to  Box 
No.  1021-W. 

CIVIL  ENGINEER,  b.bo.  (Queen's.  '14),  a.m.e.i.c.  Do- 
minion Land  Surveyor,  5  months  special  course  at  the 


Situations  Wanted 

University  of  London,  England,  in  municipal  hygiene 
and  reinforced  concrete  construction.  Experience 
covers  legal  and  topographic  surveys,  plane  tabling  and 
stadia  surveying,  railway  and  highway  construction, 
drainage  and  excavation  work.  Available  at  once. 
Apply  to  Box  No.   1035-W. 

ELECTRICAL  ENGINEER  AND  GEOPHYSICIST. 
Age  36.  Married.  Seven  years  experience  in  geophysi- 
cal exploration  using  seismic,  magnetic  and  electrical 
methods.  Two  years  experience  with  the  Western 
Electric  Company  of  Chicago,  working  on  equipment 
and  magnetic  materials  research.  Experienced  in  radio 
and  telephone  work,  also  specializing  in  precise  electrical 
measurements,  resistance  determinations,  ground  po- 
tentials and  similar  problems  of  ground  current  dis- 
tribution.   Apply  to  Box  No.  1063-W. 

ELECTRICAL  ENGINEER,  b.a.sc.  Univ.  Toronto  '28. 
Experience  includes  Can.  Gen.  Elec.  Co.  Test  Course. 
Also  more  than  two  years  in  the  engineering  dept.  of 
the  same  company.  Available  on  short  notice.  Pre- 
ferred location  central  or  eastern  Canada.  Apply  to 
Box  No.  1075-W. 

ELECTRICAL  ENGINEER,  b.sc  Married.  Eight 
years  electrical  experience,  including  operation,  main- 
tenance and  construction  work,  electrical  design  work 
on  large  power  development,  mechanical  ability,  ex- 
perienced photographer,  employed  in  electrical  capacity 
at  present.  Available  on  reasonable  notice.  Apply  to 
Box  No.  1076-W. 

GRADUATE  IN  MECHANICAL  ENGINEERING. 
1927,  desires  opportunity  in  Diesel  engine  field,  pre- 
ferably in  design  and  development  work.  Skilled 
draughtsman  and  clever  in  design.  Familiar  with  basic 
theories  of  the  Diesel  engine  and  in  touch  with  recent 
developments  and  applications.  Anxious  to  obtain  a 
foothold  with  up-to-date  company.  No  objection  to 
shopwork  or  other  duties  as  a  start  but  would  prefer 
shopwork  and  assembly  if  possible.  Apply  to  Box  No. 
1081-W. 

CIVIL  ENGINEER,  b.sc,  Sask.  '30.  b  e.i.c  Age  24 
years.  Experience  in  municipal  engineering,  including 
sewer  and  water  construction,  sidewalk  construction, 
paving,  storm  sewer  design,  draughting,  precise  levelling, 
and  reinforced  concrete  bridge  construction.  Unmar- 
ried. Available  at  once.  Will  go  anywhere.  Apply  to 
Box  No.  1115-W. 

ELECTRICAL  ENGINEER,  b.sc.e.e.  (Univ.  of  N.B. 
'31).  C.G.E.  Test  Course  included  industrial  control, 
induction  motors  and  transformers;  the  transformer 
test  included  desk  work  for  two  months  on  computing 
losses,  efficiencies,  etc.  Available  at  once.  Apply  to 
Box  No.  1119-W. 

MECHANICAL  ENGINEER,  b.a.sc.  (Univ.  of  B.C. '29); 
MS.  Age  27.  Single.  Four  years  experience  in  research 
work  in  applied  mechanics  and  materials  testing.  Desires 
position  involving  analytical  work  in  design,  develop- 
ment or  testing.  Available  on  short  notice.  Apply  to 
Box  No.  1023-W. 

PETROLEUM  CHEMIST,  b.sc.  in  Chem.  Eng.  Age  2.5. 
Single.  One  and  a  half  years  experience  as  assistant 
chemist.  Capable  of  taking  charge  in  small  refinery. 
Wishes  position  anywhere  in  Canada.  Apply  to  Box 
No.  1130-W. 

ELECTRICAL  ENGINEER,  b.sc.  Queen's  '33.  Single, 
age  23.  Anxious  to  gain  experience.  Present  ex- 
perience installing  small  private  hydro-electric  plant. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  1137-W. 

CIVIL  ENGINEER,  a.m.e.i.c,  with  over  twenty  years 
experience  in  field  and  office  on  construction,  main- 
tenance, surveying,  location,  etc.,  desires  position  pre- 
ferably of  a  permanent  nature.  At  present  near  Mont- 
real, but  willing  to  locate  anywhere.  Apply  to  Box 
No.  1168-W. 
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CIVIL  ENGINEER,  b.a.sc,  s.e.i.c,  age  26,  single. 
Experience  includes  one  year  in  bridge  construction, 
plain  and  reinforced  concrete,  pneumatic  caissons  and 
surveying.  Available  at  once.  Any  location.  Apply  to 
Box  No.  1204-W. 

PHYSICIST  ENGINEER,  B.ScMech.  (Queen's  1913), 
M.Sc,  Ph.D.Physics  (McGill  1929,  '30).  Experience  in 
municipal  engineering,  producer  gas  installation  and 
operation,  university  plant  maintenance.  Experienced 
teacher  of  college  physics.  Industrial  and  pure  physical 
research  experience.  Age  42.  Married.  Apply  to  Box 
No.  1207-W. 

MECHANICAL  ENGINEER,  b.sc.  (Queen's  Univ.  '28), 
age  36,  married,  desires  position  of  trust  and  responsi- 
bility. Experience  includes  fitting  and  assembly  of 
machine  tools,  production,  draughting,  and  maintenance 
Five  years  teaching  draughting  and  mathematics.  Avail- 
able on  reasonable  notice.  Location  immaterial.  Apply 
to  Box  No.  1210-W. 

CIVIL  ENGINEER,  b.a.,  b.a.sc,  s.e.i.c,  Canadian,  age 
27,  single.  Experience  includes  eighteen  months  in 
general  building  construction.  Writes  and  speaks  both 
French  and  English  fluently.  Available  at  once  for  any 
suitable  position  in  general  engineering.  Apply  to  Box 
No.  1211-W. 

CIVIL  ENGINEER,  b.sc  '34  (Univ.  of  N.B.),  age  24. 
Experience  includes  construction  and  highway  engi- 
neering. Desires  position  with  contracting  or  manufac- 
turing firm.  Interested  in  design.  References.  Will 
consider  any  location.    Apply  to  Box  No.  1214-W. 

ENGINEER,  with  twenty  years  experience  in  industrial, 
pulp  and  paper  mill,  and  general  engineering  and  design. 
Age  41.  Last  five  years  chief  engineer  of  paper  mill  mak- 
ing newsprint  specialties  and  toilet  tissues.  Apply  to 
Box  No.  1246-W. 

ELECTRICAL  ENGINEER,  b.sc  '34  (Univ.  of  N.B.), 
S.E.I.C  Age  21,  single.  Desires  any  kind  of  electrical 
work.  Will  consider  any  location.  Apply  to  Box  No. 
1262-W. 

CIVIL  ENGINEER,  Univ.  Toronto  '33,  age  24,  married. 
One  year  as  instrumentman  with  provincial  department 
of  highways.  Experience  in  concrete  and  retread  con- 
struction grading,  culverts,  etc  Also  draughting, 
estimating  and  general  office  practice.  Apply  to  Box 
No.  1265-W. 

ELECTRICAL  GRADUATE,  b.e.i.c,  b.so.  '32,  M.so.  '34. 
Experience  includes  four  years  as  part  time  operator 
and  announcer  for  a  radio  broadcast  station.  At  present 
employed  in  radio  repair  dept.  of  a  large  wholesale  firm. 
Apply  to  Box  No.  1283-W. 

ELECTRICAL  ENGINEER,  b.sc,  e.e.,  a.m.e.i.c  Univer- 
sity of  Manitoba  '28.  Age  32.  Married.  Experience 
one  year  power  line  construction,  five  years  resident  and 
assistant  district  engineer  on  highway  construction;  two 
years  highway  traffic  regulation  in  charge  of  district 
office.  Good  connections  in  Manitoba  and  Saskatche- 
wan. Excellent  references.  Available  at  once  and  will 
go  anywhere.  Located  in  Winnipeg.  Apply  to  Box 
No.  1316-W. 

ENGINEER  AND  DRAUGHTSMAN,  jr.B.i.c,  age  33, 
married.  Diplomas  from  Mtl  Tech.  Inst,  in  R.C.  and 
Structural  Design,  llj^  years  experience  in  civil  engi- 
neering, draughting  and  instrument  work.  This  includes 
7  years  with  M.L.H.  &  P.  Cons,  as  field  engineer  on 
construction  and  maintenance  of  gas  mains.  Present 
location  Montreal.  Available  at  once.  Apply  to  Box 
No.  1326-W. 

GRADUATE  ENGINEER,  (McGill),  in  responsible 
charge  of  design,  construction  and  operation  of  hydro- 
electric plants.  Also  power  design  and  mechanical 
maintenance  of  industrial  plants.  Apply  to  Box  No. 
1328-W. 

MECHANICAL  ENGINEER,  recent  grad.  University  of 
Toronto,  b.a.sc  in  mech.  engrg,  24  years  old,  s.e.i.c, 
now  managing  a  chain  store,  desires  engineering  work. 
Present  location  So.  Ontario.  Location  immaterial. 
Best  of  references.    Apply  to  Box  No.  1348-W. 


Soutii  African  Empire  Exliibition 

During  the  period  from  September  to  December  1936,  a  South 
African  Exhibition,  which  will  include  displays  from  all  parts  of  the 
Empire,  will  be  held  in  Johannesburg,  and  in  view  of  the  anticipated 
number  of  visitors  from  overseas  scientific,  engineering  and  technical 
institutes,  the  Associated  Scientific  and  Technical  Societies  of  South 
Africa  have  agreed  to  arrange  that  the  headquarters  of  the  Societies, 
i.e.,  Kelvin  House,  Fox  Street,  Johannesburg,  together  with  the  organ- 
ization of  the  Associated  Societies,  will  be  placed  at  the  disposal  of 
duly  accredited  visitors. 

In  general,  it  is  proposed  that  all  visitors  from  overseas  institutes 
and  societies  could  regard  Kelvin  House  as  their  headquarters  during 
their  stay  in  .Johannesburg,  and  avail  themselves  of  the  facilities  pro- 
vided by  that  organization  to  ensure  that,  in  addition  to  visiting  the 
Empire  Exhibition,  they  would  be  able  to  meet  members  of  the  local 
Institutes,  and  be  assured  that  they  will  be  welcomed  by  their  cor- 
responding professional  colleagues  in  the  Union  and  be  able  to  obtain  all 
information  and  facilities  during  their  visit. 

All  information  regarding  travelling  and  the  facilities  to  be  pro- 
vided in  Johannesburg  are  obtainable  from  the  London  Secretary  of  the 
South  African  Empire  Exhibition  at  21,  Tothill  Street,  Westminster, 
London,  S.W.,  or  direct  from  the  Head  Office,  P.O.  Box  114,  Johannes- 
burg, Transvaal. 

Special  travel  facilities  will  be  afforded  to  exhibition  visitors  from 
overseas,  of  which  the  offices  named  above  will  be  able  to  supply  par- 
ticulars in  due  course. 


"Silver  Jubilee"  Train 

The  "Silver  Jubilee"  train  of  the  London  and  North  Eastern 
Railway  was  put  into  service  as  arranged  recently.  On  the  up 
journey  running  proved  to  be  well  inside  the  schedule,  the  train  arriving 
at  King's  Cross  three  minutes  ahead  of  time.  On  the  down  journey 
in  the  afternoon,  the  times  were  not  quite  so  good,  arrival  at  destination 
being  two  minutes  late.  The  maximum  speeds  are  said  to  have  been 
90  m.p.h.  and  91  m.p.h.  for  the  respective  journeys.  Prior  to  the  first 
run  on  regular  schedule,  the  train  was  given  a  special  trial  on  Friday 
last,  when  a  large  number  of  special  guests  were  on  board.  This  only 
extended  as  far  as  Grantham,  but  this  distance  was,  of  course,  ample  for 
the  purpose  of  showing  what  could  be  done.  The  whole  run  to  Grant- 
ham (105  m.  37  ch.)  was  covered  in  88  min.  15  sec.  The  highest  speed 
attained  was  112  m.p.h.  at  Sandy.  A  speed  of  100  m.p.h.  was  first 
reached  30  miles  out  of  London  and  for  25  miles  subsequently  over 
100  m.p.h.  was  recorded.  The  distance  over  which  a  speed  of  more  than 
100  m.p.h.  was  averaged  worked  out  at  43  miles,  25  miles  averaging  107.5 
m.p.h.  From  Wood  Green  to  Fletton  (at  which  the  slack  for  Peter- 
borough commences)  the  speed  worked  out  at  91.8  m.p.h.,  and  on  the 
continuous  up  grade  of  1  in  200  for  8  miles  from  Wood  Green  to  Potters' 
Bar,  the  train  accelerated  from  70  m.p.h.  to  75  m.p.h.  So  far  as  is 
known,  the  performances  at  over  100  m.p.h.  constitute  record  runs, 
and  Mr.  Gresley  and  the  railway  company  are  to  be  heartily  congratu- 
lated on  the  performance,  more  especially  as  it  is  understood  there  was 
still  something  substantial  in  hand,  to  meet  vicissitudes  of  weather,  etc. 
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(Names  of  members  temporarily  on  the  Non-Active  List  have  not  been  included) 


In  the  following  list  (t)  prefixed  to  a  name  indicates  the  contributor  of  a  paper 
published  in  the  Transactions  of  The  Institute;  (G)  prefixed  to  a  name  indicates  the 
award  of  the  G2owsl<i  medal;  (JK)  prefixed  to  a  name  indicates  the  award  of  the  Sir 
John  Kennedy  medal;  (L)  prefixed  to  a  name  indicates  the  award  of  the  Leonard 
medal;  (P)  prefixed  to  a  name  indicates  the  award  of  the  Plummer  medal;  (J)  prefixed 
to  a  name  indicates  the  award  of  the  Past-Presidents'  prize;  (q)  prefixed  to  a  name 
indicates  admission  under  the  special  provisions  of  the  Quebec  Act;  (cf)  prefixed  to  a 
name  indicates  Service  with  Allied  Armies. 

HONORARY  MEMBERS 


HIS  ROYAL  HIGHNESS  EDWARD.  Prince  op  Wales,  K.G.  (Hon.M.  1919) 
H.R.H.  ARTHUR,  Duke  of  Connauoht,  K.G.,  P.C,  G.B.E.  (Hon.M.  1912) 
ADAMS,  Frank  D.,  Ph.D.,  D.Sc.  F.G.S.A.,  F.R.S.,  1173  Mountain  St.,  Montr 

real.  Que.     (Hon.M.  1922) 
BESSBOROUGH,  The  Right  Hon.   the  Earl  of,   P.C,  G.C.M.G.,  Stanated 

Park,  Rowlands  Castle,  Sussex,  England.     (Hon.M.  1931) 
CLARK,  Arthur  L.,  B.Se.,  Ph.D.,  Dean  of  the  Faculty  of  Applied  Science, 

Queen's  University,  Kingston,  Ont.     (Affil.  1920)     (Hon.M.  1922) 
DEVONSHIRE,  Hia  Grace  the  Duke  of,  K.G.,  G.C.M.G  ,  Chatsworth  House, 

Derbyshire,  England.     (Hon.M.  1917) 
WILLINGDON,  His  Excellency  The  Right  Hon.  the  Earl  of,  PC,  G.C.S.I  , 

G.C.M.G.,  G.C.I.E.,  G.B.E.,  Viceroy  and  Governor-General  of  India,  Viceregal 

Lodge,  Delhi,  India.     (Hon.M.  1927) 

MEMBERS 


ABBOTT,  A.  C,  B.Sc,   (McGill  '26),  Shawinigan  Water   &  Power  Co.,  Three 

Rivers,  Que.     (H)  677  St.  Ursule  St.     (S.  1925)     (A.M.  1931) 
ABBOTT,  Harold  F.,  B.Sc,  (McGill  '28),  Beauharnois  Construction  Co.,  Box  50, 

Beauharnois,  Que.     (H)  Prince  George,  B.C.     (S.  1926) 
ABBOTT-SMITH,  H.  B.,  B.Sc,  (McGill  '23),  Asst.  Meter  Engr.,  Shawinigan 
Water  &  Power  Co.,  Power  Bldg.,  Montreal,  Que.     (H)  3475  University  St. 
(S.  1923)      (Jr.  1931) 
cf  ABBOTT,  Wm.  Hamilton,  Capt.,  M.C.,  address  unknown.     (A.M.  1920) 
ABELL,  Harry  C,  B.Sc.  in  E.E.,  701  St.  Louis  St.,  New  Orleans,  La.,  U.S.A. 

(M.  1904) 
ABERNETHY,  Emerson,  B.A.Sc,  (B.C.  '30),  3589  Osier  Ave.,  Vancouver,  B.C. 

(S.  1927) 
ABRAMSON.  Isaac  Albert,  B.Sc,  (Alta.,  '29),  Calgary  Power  Co.,  Seebe,  Alta. 

(H)  407-15th  Ave.  E.     (Jr.  1931) 
ACENA,  J.  G.,  B.Sc,  (McGill  '30),  M.Sc,  (M.I.T.  '31),  3433  Peel  St.,  Montreal, 

Que.     (S.  1928) 
ACHESON,  H.  R.  M.,  B.Sc,  (Alta.  '29),  10230-124th  St.,  Edmonton,  Alta. 
(S.  1926)      (Jr.  1934) 
G.tACKERMAN,  Paul,  Cons.  Elec  Engr.,  Shawinigan  Water  &  Power  Co.,  Power 
Bldg.,  Montreal,  Que.     (H)  4078  Hingston  Ave.,  Montreal,  Que.     (A.M.  1921) 
ACRES,  Henry  G.,  M.E.  and  E.E.,  (Tor.  '03),  D.Sc,  Cons.  Engr.,  H.  G.  Acres 
&  Co.,  Niagara  Falls,  Ont.     (H)  42  Gulp  St.     (M.  1916) 
cfADAM.  James,  Capt.,  Specif.  Engr.,  Chief  Architect's  Office,  D. P. W.,  Canada, 
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Divn.,   Dom.   Bridge   Co.    Ltd.,   P.O.    Box  4016,   Montreal,   Que.     («)   420 
Lansdowne  Ave.,  Westmount,  Que.      (M.  193S) 
COWIE,  Frederick  Wm.,  B.A.Sc,   (McGill  '86),  Cons.  Engr.,  Harbour  Com- 
missioners.   Montreal,   Que.     (H)    3745   The   Boulevard,    Westmount,    Que 
(A.M.  1887)      (M.  1898)      (Life  Member) 
COWIE,  Norman  Claude,  B.A.Sc,  (Tor.  '21),  15  Hearst  St.,  Sault  Ste.  Marie, 
Ont.      (Jr.  1931) 
cfCOWLEY,  Arthur  T.  N.,  Squad.-Leader,  B.Sc,  (McGill  '10),  Supt.,  Air  Regula- 
tions, Dept.  of  National  Defence,  Ottawa,  Ont.     (H)  148  Cooper  St.     (S.  1909) 
(Jr.   1913)      (A.M.   1926) 
(fCOWLEY,  Francis  P.  V.,  Major,  (R.M.C.  Kingston),  Asst.  Engr.,  City  of  Van- 
couver,   City    Hall,    Vancouver,    B.C.     (//)    3435-lst    Ave.    W.     (.S.    1907) 
(Jr.  1913)      (A.M.  1918) 
COX,  Archibald,  Box  48,  Nordegg,  Alta.     (A.M.  1926) 
cfCOX,  Leonard  M.,  Capt.,  C.E.,   (Renss.),   Route  3,  Box  3579,   Napa,  Calif., 
U.S  A.     (M.  1926) 
COXWORTH,  Thos.  Walker,  B.Sc,  (Man.  '26).  Asst.  Engr.,  McClintic-Mar- 
shall  Corp.,  400  N.  Michigan  Ave.,  Chicago,  III.     (H)  7945  Blaokstone  Ave. 
(A.M.  1935) 
CRAIG,   Carleton,   B.Eng.,    (McGill  '33),   Engrg.   Bldg.,   McGill   University, 
Montreal,  Que.     (S.  1931) 
cf  CRAIG,  Henry  Clifford,  Lt.-Col,  V.D.,  B.Sc,  (Queen's  '15),  Automotive  Engr.. 
Federal   Govt.,    Dept.    Inter.,   Trafalgar  Bldg.,  Ottawa,  Ont.     (H)   182-2nd 
Ave.     (Jr.  1916)     (A.M.  1917) 
tCRAIG,   Hugo  B.   R.,   B.Sc,    (Queen's   '03),   Cons    Engr.,   795   Richmond  St., 

London,  Ont.     (S.  1902)     (A.M.  1906)     (M.  1910) 
CRAIG,  J  AS.  W.,  B.Sc,    (Sask..   '27)   Ceramic   Engr.,   Can.   Refractories  Ltd., 
Montreal,  Que.     Address:  Mines  Branch,  Sussex  St.,  Ottawa,  Ont.     (S.  1928) 
(Jr.  1930) 
(j'CRAIG,  .lOHN  CoRMACK,  Major,  D.S.O.,  Director  of  P.W.,  Georgetown,  British 
Guiana.     (A.M.  1016)      (M.  1919) 

CRAIG,   Shirley  Abbott,   B.Sc,    (McGill  '26),   Demonstrator,  Engrg.   Bldg., 

McGil!  University,  Montreal,  Que.     (Jr.  1927) 
CRAIG.   Wm.    Royce,    B.Sc,    (Alta.   '33),   639-12th   St.    S.,    Lethbridge,    Alta 

(S.  1933) 
GRAIN,  Harold  F.,  B.Sc,  (Queen's  '32),  169  Cameron  St.,  Ottawa,  Ont.  (S.  1932) 
CRAM,  Haldane  Rodger,  B.Sc,  (McGill  '11),  Secy.,  Federal  District  Comm., 

Ottawa,  Ont.     (H)  274  Second  Ave.     (A.M.  1919) 
CRANSTON,  Philip  G.,  B.Sc,  (Queen's  '29),  Engrg.  Dept.,  Bel!  Telephone  Co,  of 

Canada,  Beaver  Hall  Bldg.,  Montreal,  Que.     (S.  1928) 
CRANSWICK,  .1.  E.  B.,  Sales  Engr.,  Can.  Westinghouse  Co.  Ltd.,  Revillon  Bldg., 

Edmonton,  Alta.     (H)   16  Leamington  Apts.     (S.  1928) 
CRASE,  Geo.  H.,  B.C.E.,  (Mich.  '15),  Br.  M?r.,  Horton  Steel  Works  Ltd.,  Rm. 

1609,  Northern  Ontario  Bldg.,  Toronto,  Ont.     (//)  440  Durie  St.     (A.M.  1930) 
CRASTER,  J.  E.,  B.A.Sc,  (B.C.  '30),  Cons.  Mining  and  Smelting  Co.,  Box  1146, 

Trail,  B.C.     (S.   1930) 
cfCRAWFORD,  A.   W.,   Lieut.,   MM.   and  Bar,  B.A.Sc,   (Tor.   '14),  Chairman, 

Minimum  Wage  Bd.,  Ont.,  Parliament  Bldgs.,  Toronto,  Ont.     (H)  153  Glen- 
cairn  Ave.     (Jr.  1919)     (A.M.  1927) 
CRAWFORD,  J.  Jackson,  B.A.Sc,  (Tor.  '22),  Asst.  to  Tech.  Dir.,  Howard  Smith 

Paper  Mills  Ltd.,  749  Guy  St.,  Montreal,  Que.     (H)  5530  Cote  St.  Luc  Rd. 

(S.  1921)      (A.M.   1927) 
CRAWFORD,  Jas.  Merrill,  B.Sc,  (McGill  '29),   (M.Eng.,  '32),  Elec.  Engr., 

Shawinigan  Water  and  Power  Co.,  Power  Bldg.,  Montreal,  Que      (H)  3427 

Harvard  Ave.     (S.  1928) 
CRAWFORD,  Robert  Eric,  B.Sc,  (McGill  '22),  Sales  Dept.,  Dom   Engineering 

Co.  Ltd.,  Box  3150,  Montreal,  Que.     (H)  228  Percival  Ave.,  Montreal  West, 

Que.      (S.  1919)      (Jr.  1925)      (A.M.  1933) 
rf'CRAWLEY,  Ed.  A.,  Lieut.,  B.A.,  (Acadia  '04),  Res.  Engr.,  Dept.  of  Highways 

N.S.,  Truro,  N.S.      (//)  36  Young  St.     (Jr.  1911)     (A.M.  1916) 
CREALOCK,   Archie  B.,   B.A.Sc,   (Tor.   '15),   Cons  Engr.,   1007  Kent  Bldg 

Toronto, Ont.     (//)  502  Riverside  Drive.     (S.  1914)     (A.M.  1923)     (M.  1936) 

(Member  of  Council,  E.I.C.) 

cfCREASOR,  John  A.,  Capt.,  M.C.,  B.Sc,  (McGill  '14),  Constrn.  Supt.,  Canada 

Cement  Co.,  Canada  Cement  Bldg.,   Montreal,  Que.     (H)  233  Clarks  St 

Belleville,  Ont.      (S.   1914)     (Jr.   1919)     (A.M.   1923) 
CREEK,  A.  D.,  1984-45th  St.,  Vancouver,  B.C.     (A.M.  1911)     (M.  1914) 
CREGEEN,  Kenneth  T.,  B.Sc,  (McGill  '23),  Res.  Engr.,  Sun  Life  Assurance  Co 

ofCanada.  Montreal,  Que.     (H)  1402  Canora  Rd,  Town  of  Mount  Royal, Que 

(S.  1921)      (Jr.  1927)      (A.M.  1933) 

CREIGHTON,  Charles  Sydney,  B.Sc,  (N.S.T.C.  '13),  Res.  Engr.,  Dept  of 
Highways,  Halifax,  N.S.  (H)  4  Dahlia  St.,  Dartmouth,  N.S.  (Jr.  1919) 
(A.M.   "■"" 


cfCROIL,  Geo.  Mitchell,  A.F.C,  Group  Capt.,  Sr.  Air  Officer,  R.C.A.F.,  Dept 
National  Defence,  Canadian  Bldg.,  Ottawa,  Ont.  (H)  200  Lisgar  St 
(A.M.  1924) 

d'CROMBIE,  Hugh  Arthur,  Lieut.,  B.Sc,  (McGill  '18),  Asst.  Mgr.,  Dom  En- 
gineering Co.  Ltd.,  P.O.  Box  3150,  Montreal,  Que.     (H)  4707  Upper  Roslyn 

Ave.     (Jr.  1921)     (A.M.  1926) 

CROMBIE,  Wm.  B.,  34  Eastbourne  Ave.,  Toronto,  Ont.     (A.M.  1919) 
o"CROOK,  Wesley,  Instrumentman,  D.N.R.,  C.P.R.,  Rainier,  Alta.     (Jr.  1923) 
CROOKS,  C.  M     Plant  Engr  ,  Maritime  Telegraph  &  Telephone  Co.  Ltd.,  Hali- 
fax, N.S.     (//)  15  Oakland  Rd.     (A.M.  1920) 

^'^9P,?'^c"^'^^',''^'''"*'t,^'""'-'*TS°^'  B.A.I.,  .Vsst.  Engr.,  D.P.W.,  Canada,  Box 

1417,  .Saint  John,  N.B.     f//)  77  Duke  St.     (S.  1906)    (A.M.  1910)    (M.  191.5) 

^^S^^?^^'    ^,"-    ^"'^     McDonald,   B.Sc,    (McGill  '05),   Apparatus   Engr., 
(M   1927)        '''■""  ^°-   ^''■'^  '   Montreal,  Que.      (H)    1251   Gouin    Blvd.   W. 

CROSBY    Irving  B.,  S.M.,   (M.I.T.),  A.M..   (Harvard),  Cons.  Engrg.  Geol- 
Uffii  19^0)'"°"  Boston,  Mass.     (//)  12  Prescott  St.,  Cambridge,  Mass. 

cfCROSS,  Edgar  Algernon   B  Sc,  (Birmingham  '09),  Cons.  Engr.,  25  Ferndale 

Ave.,  Toronto,  Ont.     (A.M.  1926)      (M.  1935) 

{fCROSS,  Frederick  George,  Major,  Asst.  Supt.,  Oper.  and  Mtce.,  Dept.  Nat. 
Res.,  CP.R.,  Brooks,  Alta.     (A.M.  1912)     (M.  1932) 


CROSS,  George  E.,   B.Sc,   (McGill  '23),   Prof.,   Montreal  Technical  School, 

Montreal,  Que.     (H)  434  Clarke  Ave.,  Westmount,  Que.    (S.  1921)    (Jr.  1928) 

(A.M.   1933) 
CROSS,  Douglas  Henry,  B.Eng.,  (McGill  '34),   Dom.   Engineering  Co.   Ltd., 

Lachine,  Que.     (H)  Apt.  4,  1483  Atwater  Ave.,  Montreal,  Que.     (.S.  1934) 
CROSSLAND,   C.   W.,   B.Sc,    (McGill  '31),   M.Sc,   (M.I.T.   '32),   Tech.   Asst., 

Hawker  Aircraft  Ltd.,  Kingston-on-Thames,  England.      Address:  33  Clare- 

mont  Rd.,  Surbiton,  Surrey,  England.     (S.   1928)     (Jr.  1934) 
tCROSSLEY,   Thos.    Linsey,   Consultant,   388   University   Ave.,   Toronto,  Ont 

(//)   28  Lonsdale  Rd.     (A.M.  1916) 
CROTHERS,  Donald  C,  11  Sydenham  St.,  Kingston,  Ont.     (S.19S6) 
CROUCH,  Milton  Edwin,  C.E.,  (Tor.  'ID,  O.L.S,,  D.L.S.,  Private  Practice, 

334  King  St.,  Kingston,  Ont.     (//)  35  College  St.     (A.M.  1933) 
CROUCH,  W.  W.,  B.Sc,   (Man.  '10),  Partner,  Carrothers   &  Crouch,  412-413 

B.M.A.  Bldg.,  Kansas  City.  Mo.     (//)  7331  Summit.     (S.  1916)      (Jr.  1920) 

(A.M.  1922) 

CROWE,  Fred.  Ernest,  B.Sc,  (N.B.  '34),  Jeffry,  King's  Co.,  N.B.     (S.  1934) 
CROWELL,  Seth   W.,   B.A.,   (Dalhousie  '09),   N.S.L.S.,  Asst.  Engr.,  Dept.  of 

Highways,  N.S.     (//)  Amherst,  N.S.     (Jr.  1912)      (A.M.  1918) 
CROWLEY,  Charles  James,   141   Crescent  Rd.,  Toronto,  Ont.     (A.M.  1887) 

(M.  1899)      (Life  Member) 

CROWLEY,  J.  F,,  Pres.,  The  J.  F.  Crowley  Co.,  Dundas,  Ont.     (Affil-  1929) 
GRUDGE,  Harry  J.,  Bldg.  Engr.,  C.N.R.,  Moncton,  N.B.     (H)  145  Cameron 

St.     (S.  1904)     (A.M.  1910)      (Member  of  Council,  E.I.C.) 
CRUMP,  NoRHis  R.,  B.,Sc  ,  (Purdue  '29).  C.P.R.,  Moose  Jaw,  Sask.     (H)  178 

Athabasca  St.  W.      (,S'.  1928)      (Jr.  1931) 
CRUTHERS,  Wm.  Maurice,  B.A.Sc,  (Tor.  '12),  Asat.  Swbd.  Engr..  Can.  Gen 

Elec.  Co.  Ltd.,  Peterborough,  Ont.     (H)  561  King  St.     (A.M.  1920) 
CRYER,  Edward,  Engr.,  Town  of  Hampstead,  31  Stratford  Rd.,  Hampstead, 

Que.     (H)  5161  Queen  Mary  Rd.      (A.M.  1932) 
cTCRYSDALE,  Cecil  Rainsford,   Major,  M.C.,   1237  Cardero  St.,  Vancouver. 

B.C.      (A.M.  1911)     (M.  1919) 
d'CRYSLER,  Roy  Alan,  Lieut.,  B.A.Sc,  (Tor.  '20),  Sales  Engr.,  Canada  Cement 

Co.  Ltd.,  803  Northern  Ontario  Bldg.,  Toronto,  Ont.   (H)  94  Snowden  Ave 

(Jr.   1921)      (A.M.   1924) 

CUDWORTH,  W.  O  ,  Asst.  Engr.,  Mtce.  of  Way,  C.P.R.,  Montreal,  Que.     (//) 

435  Grosvenor  Ave,     (A.M.  1920) 
CULLWICK,  Ernest  Geoffrey,  M.A.,  (Cantab.),  Assoc  Prof,  of  Elec.  Engrg., 

University  of  B.C.,  Vancouver,  B.C.     (H)  1828  Western  Parkway,  Vancou- 
ver, B.C.      (Jr.  1926) 
d'CULPEPER,  Bernard  Armel,  B.Sc,  in  C.E..  (McGill  '23),  Designing  Engr  . 

C.  D.  Howe  &  Co  ,  Whalen  Bldg.,  Port  Arthur,  Ont.     (S.  1920)  (Jr.  1926) 

(A.M.  1929) 
CUMMIFORD,  Shirley  A.,  Res.  Engr.,  Dept.  of  Highways,  Stratford,  Ont. 

(Jr.  1914)      (A.M.  1917)      (M .  192.3) 
GUMMING,. John  E,  B.Eng.,  (McGiir32),  R.C.S.,   Elgin    Bldg.,  Ottawa,  Ont. 

(S.  1931) 
cfCUMMING,  RoBT.  Egerton,  Lieut.,  Executive  Secy.,  Quebec  Dist.  Protestant 

Colonization  Society,  Quebec,   Que.     (H)   70  Rue  d'Artigny.     (A.M.    1927\ 
CUNHA.  Stanley  Herbert,  B.Sc,  (McGill  '05),  Elec  Engr.,  Montreal  L.,  H. 

and  P.  Cons.,  Montreal,  Que.     Address:  2007  Union  Ave.     (A.M.  1922) 
d'CUNNINGHAM,  Adam,  B.Sc,  (Edinburgh  '23),  Mech.  Engr.,  Price  Bros.  &  Co, 

Ltd.,  Kenogami,  Que.      (//)  9  Oak  St.     (Jr.  1925)     (A.M.  1927) 
cfCUNNINGHAM,  A.  Irwin,  Capt,  B.Sc,  (McGill  '14),  Constrn.  Supt..  Alumi- 
num Co.  of  Canada,  Arvida,  Que.     (//)  Apt.  24,  1   Rosemount  Ave.,  West- 
mount,  Que.     (,S.  1914)     (A.M.  1.92.5) 
CUNNINGHAM,  Geo.  Allin,  B.A.Sc,  (Tor.  '29),  Dist.  Mgr.,  Imperial  Oil  Ltd., 

Peterborough,  Ont.      (H)  331  Reid  St.     (S.  1927) 
CUNNINGHAM,  Harold  E.,  B.Sc,  (McGill  '31),  Dom.  Engineering  Co.  Ltd., 

P.O.  Box  3150,  Montreal,  Que.     (H)  455   Elm   Ave.,  Westmount,  Que.     (S. 

1929) 
o"CUNNINGHAM,  John  F.,  M.M.,  Supt.,  Testing  Lab.,  Dept.  of  C.E.,  University 

of    Manitoba.     (H)    918    Somerset   Ave..    Fort   Garry,    Man.     (Affil    1928) 

(A.M.  1932)      (Sec.-Treaa..  Winnipeg  Br.,  E.I.C.) 
CUNNINGHAM,  Leonard,  Dept.  of  Highways,  N.S.,  Halifax,   N.S.     (H)   19 

Brenton   St.     (A.M.    1923) 
cTCURREY,  Allan  Robert.  B.A.,  (Queen's  '2.5),  Industrial  Utilities  Ltd.,   1165 

William  St.,  Montreal,  Que.     (Jr.  1927)     (A.M.  1934) 
CURRIE,  Geo.  Jas.,  B.Sc,  (N.S.T.C),  Engr..  N.S.  Light  and  Power  Co.  Ltd., 

Halifax,  N.S.     (H)  840  Robie  St.     (S.  1931) 
cTCURRIE,  Homer  Lindsay,  B.Sc,  (N.B.  '13),  Asst.  Engr.,  C.N.R.,  315  Insurance 

Exchange  Bldg.,   Montreal,  Que.     (//)   55  Cornwall  Ave.,  Town  of  Mount 

Royal,   Que.      (A.M.    1921) 
CURRIE,  Victor  Robert,  B.Sc,  (Queen's  '23),  Asst.  Engr.,  Trent  Canal,  Dept. 

of   Rlys.   and   Canals,   Peterborough,   Ont.     (H)   26   Benson   St.     (S.    1922) 

(Jr.   1926)      (A.M.   1.931) 
d'CURRY,  Angus  D.  M.,  Engr.  Cmdr..   R.C.N. ,  Director  of  Naval  Engrg.,  Dept. 

of  National  Defence,  Ottawa,  Ont.     (H)  Rockcliffe  Park.     (M.  1928) 
CURRY,  Herbert  N.,  40  King  St.,  Windsor,  N.S.     (S.  1931) 
CURTIS,  A.  E.,  Jr.,  B.Sc,  (McGill  '28),  Asst.  Line  Supt.,  Shawinigan  Water  and 

Power  Co.,  Shawinigan  Falls,  Que.     (H)  37  Eighth  St.     (S.  1926) 
cfCUSHING,  Arthur  Gibb,  B.Sc,  (McGill  '12),  A.  G.  Cashing,  Ltd.,  Builder,  4790 

Meridian  .Ave.,  Montreal,  Que.     (A.M.  1922) 
CYR,  Seraphin  a.,  Supt.,  Eastern  Steel  Products  Ltd.,   1335  Delorimier  St., 

Montreal,  Que.     (H)  4395  St.  Andre  St.     (Jr.  1931)     (A.M.  1932) 


D'AETH,    John    Bancroft,    B.Sc,    (McGill   '08),    Engr.,    Eraser,   Brace   Ltd,, 

Power  Bldg.,  Montreal,  Que.     (//)  4660  Roslyn  Ave.     (A.M.  1916)     (M.  1924) 

DAIGNAULT,  Lawre.mce  G.,  B.Eng.,  (McGil!  '34),  Sales  Engr.,  Truscon  Steel 

Co.  ofCanada,  Montreal,  Que.    (//)  2067  Church  Ave.,  Verdun,  Que.    (S.  1933) 

DALE,  John  Clapham,  B.Sc,  (Alta.  '32),  Northwestern  Utilities  Ltd..  10124- 

104th  St.,  Edmonton,  Mta.     (S.  1930) 

cTDALE,  Wm.  P.,  B..A.Sc,  (Tor.  '20),  Plant  Engr.,  Dale  Estate  Ltd.,  Brampton, 

Ont.      (A.M.  1922) 
cTDALKIN,  George  Robert,  Asst.  Chief  Engr.,  Harbour  Commrs.  of  Montreal, 

Que.     (H)  2.351  Madison  Ave.,  Montreal.  Que.     (A.M.  1920) 
cfDALLYN,  Frederick  Alfred,  Capt.,  B.A.Sc,  C.E.,  (Tor.  '13),  Cons.  Engr.,  F. 
A.  Dallyn  &  Co.,  Toronto,  Ont.     Address:  Whiteside  P.O.,  Ont.     (A.M.  1916) 
(M.  1922) 
DALZELL,  .'Vrthur  George,  City  Planning  Dept.,  City  of  Toronto,  City  Hall, 
Toronto,  Ont.     (H)    14  DeSavery  Crescent.     (A.M.    1911)     (M.  1921) 
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DALZIEL,   Norman  Pkahson,   Bank  of  Montreal,  Waterloo  Place,   London, 

England.     {A.M.  1900)     (M.   1918) 
DALZIEL,  Wn-LIAM,  B.Sc,   (Queen's  '13),   Mgr.,  St.  Thomas  Bronze  Co.,  St. 

Thomas,  Ont.     {S.  1911)     (Jr.  19Ui)     (A.M.  1919) 
DANCER,  Chas.  Henry,  371  Assiniboine  Ave.,  Winnipeg,  Man.     (Af.  1888) 

(Life  Member) 
DANN,  Norman  Leslie,  Cable  Engr.,  Northern  Electric  Co.  Ltd.,  1261  Shearer 
St.,  Montreal,  Que.     (//)  463  Wiseman  Ave.,  Outremont,  Que.     (A.M.  19^7) 
DANSEREAU,  Jean  A.  L.,  (R.M.C.  Kingston),  Dist.  Engr.,  D.P.W.,  Canada, 

P.O.  Box  129,  Station  H.,  Montreal,  Que.     (.S.  1909)     (A.M.  1913) 
DARLING,  Arthur  Balfour,  B.Sc,  (McGill  '24),  1935  St.  Luke  St.,  Montreal, 

Que.     (S.  1932) 
DARLING,  Edward,  B.Sc,  (McGill  '94),  Pres.,  Darling  Bros.  Ltd.,  140  Prince 
St.,  Montreal,  Que.     (//)  4303  Montrose  Ave.,  Westmount,  Que.     (M.  1925) 
DARLING,  Ernest  Howard,  M.E.,  (Tor.  '13),  Cons.  Engr.,  513  Pigott  Bldg., 

Hamilton,  Ont.     (H)  21  Stanley  Ave.     (A.M.  1904)     (M.  1919) 
DARLING,  F.  S.  (q),  Hampton,  N.H.,  U.S.A.     (M.  1904)     (Life  Member) 
DARLING,  T.  C.  B.Sc,  (McGill  '27),  Sales  Engr.,  Can.  Gen.  Elec.  Co.  Ltd.. 
1000  Beaver  Hall  Hill,  Montreal,  Que.     (H)  4303  Montrose  Ave.,  West- 
mount,  Que.     (S.  1925) 
DARWIN,  Bascom  Herman,  (R.M.C.  Kingston  '34),  B.Sc,  (Queen's  '35),  Lieut., 
R.C.E.,  M.D.  No.  10,  Winnipeg,  Man.     (//)  622  King's  Rd.  ^.,  Vancouver, 
B.C.     (S.  1935) 
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Sydney,  N.S.      (//)  4  Cromarty  St.,  Sydney,  N.S.      (A.M.  1931) 
DUNN,  Wm.  Kenneth,  B.Sc,  (McGill),  1441  Drumraond  St.,  Montreal    Que 
(S.  1928)  ■  -^     ■ 

DUNNE,  Hugh  Joseph,  Asst.  Engr.,  D.P.W.,  Ottawa,  Ont.  (//)  10  Russell 
Ave.     (A.M.  1921) 

DUNPHY,  Kenneth  Austin,  B.Sc,  (N.B.  '07),  Div.  Engr  C  P  R  Fort 
William,  Ont.     (H)  315  Catherine  St.     (A.M.  1920)  '    " 

□"DUNSMORE,    RoBT.    Lionel,    Major,    B..Sc,    (Queen's    '15),    Supt  ,    Halifax 
Refinery,  Imperial  Oil  Ltd.,  P.O.  Box  490,  Dartmouth,  N.S.     (A.M.  1924) 
DUPERRON,  Arthur,  B.A.Sc,   (Ecole  Polytech  ,  Montreal  '11),  Chief  Engr., 
Montreal  Tramways  Comm.,  159  Craig  St.  W.,  Montreal.  Que      (//)  Aot    1 
1833  Sherbrooke  St.  E.      (A.M.  1919)     (M.  1928)  '      v  ■     < 

d'DUPONT,  Georges,  M.A.,  C.E.,  (Address  unknown).      (A.M.  1908) 
d'DUPRE,  Henry  Augustus,  Lieut.,  M.C.,  Asst.  Dir.,  Elec  and  Gas  Inspection, 
Elec.   Stds.   I^ab.,   Dept.   of  Trade  and  Commerce,  Ottawa,   Ont      (H)   319 
McLeod  .St.     (A.M.  1914)     (M.  1920) 

DUPUIS,  Louis  Charles,  Div.  Engr.,  C.N.R..  Levis.  Que.     (H)  11  deSalaberrv 

Ave..  Quebec  Que.      (Jr.  1912)      (A.M.  1019) 
DUPUIS,    Phil.    Aug.,    B.A.Sc,    (Ecole    Polytech.,    Montreal   '21),    Sr     Engr 

D.P.W  ,  Rm.  7,  Parliament  Bklg.,  Quebec  Que.     (A.M.  1934) 
DUPUIS,   Rene,  B.A.,  Asst.  Supt.,  Power  Divn.,  Quebec  Power  Co.,  Quebec 

Que.     (W)  123  Marquette  St.     (A.M.  1934) 
DURANT,  Selwyn  Eld.,  C.P.R.,  Box  117,  Lloydminster,  Sask.     (A.M.  1921) 
DURDAN,   F.   S.,   B.Sc,    (Queen's   '.33),    1311    River  Rd.,   Niagara  Falls    Ont 

(.S.  1933) 

DURHAM,  G.  D.,  (Queen's  '29),  699  Jepson  .St.,  Niagara  Falls,  Ont.  (S.  1928) 
tDURLEY,  Richard  John,  Ma.E.,  General  Secret.ary,  The  Engineering  Institute 
of  Canada,  2050  Mansfield  St.,  Montreal,  Que.  (H)  3174  The  Boulevard 
Westmount,  Que.  (A.M.  1807)  (M.  1904) 
DURLEY,  Thos.  Richard,  B.Sc,  (McGill  '28),  Asst.  .Supt.,  Plant  No  1 
Canada  Cement  Co.  Ltd.,  Montreal,  Que.  (H)  Apt.  1,  5235  Cote  St  Luc  Rd' 
(S.  1026)      (Jr.  1931) 

DURNIN,  Edward  Jas.,  B.Sc,  (Man.  '28),  Asst.  Supt.,  Saskatchewan  Power 
Comm.,  Saskatoon  Plant,  Saskatoon,  Sask.  (H)  1004  Temperance  St 
(Jr.  1030) 

DUSCHAK,  Ernest  A.,  C.E.,  (Cornell  '06),  Mech.  Supt.,  Imperial  Oil  Refineries 

Ltd.,  Regina,  Sask.     (H)  675  Winnipeg  St.     (A.M    1921) 
cTDUSTAN,  Ernest  Bruce,  B.A.Sc,   (Tor.  '20),  Station  Design  Dept.,  H  E  P  C 

of  Ont.,  Toronto,  Ont.     (Jr.  1921)     (A.M.  1926)  '    ' 

DUTTON    Wm.  L.,  B.A.Sc,  (Tor.  '31),  O.L.S.,  Engr  ,  Nat.  Gas  Divn.,  Union 

Natural  Gas  Co.,  Gas  Bldg.,  Chatham,  Ont.     (H)  3  Ellwood  Ave     (S  1930) 

(Jr.  1935) 

DWYER,  J.  N.,  Office  and  Fid.  Asst.,  D.P.W.,  Game  and  Fisheries,  Biological 

Bldg.,  McGill  University,  Montreal,  Que.     (S.  1931) 
DWYER,  Michael,  The  Hon.,  Minister  of  P.W.M.  and  L.,  Province  House 

Halifax,  N.S.      (A.M.  1925) 

DYER,   Arthur   F.,  Chief  Engr.,   McDonald  Construction  Co.,   Halifax    NS 

(//)  270  South  St.      (A..M.  lOlS) 
DYER,  Edmund  Gerald,  16  Merkle  St.,  Halifax,  N.S.      (H.  1934) 
DYER,    Frederick    Charles,    B.A..Sc.,    (Tor.    '09),    Prof.,    Dept.    of    Mining 
Engineering,   University   of   Toronto.   Toronto.   Ont       (H)    164    Colin    Ave 
(M.  1920)  ^ 

DYER,  .John  Henry,  B.Sc,  (N.S.T.C.  '28),  16  Merkle  St.,  Halifax,  N.S. 
(o-  1928} 


DYER,  J.  Wilson,  B.A.Sc,  (Tor.  '23),  Vehicles  Superv  ,  Bell  Telephone  Co.  of 

Canada,  902  Canada  Permanent  Bldg.,  Toronto,  Ont.       (//)  Apt.  12,  1  Triller 

Ave.     (.5.  lOfl)     (Jr.  1926)     (A.M.  1930) 
DYER,   Walter  Gerald,   B.Sc,    (Sask.   '25),   C.P.R.,   Regina,   Sask.     (//)    U 

Mayfair  Apts.     (A.M.  1934) 
cf'DYKE,   Fred.   Stanley,   Capt.,   Asst.   Engr.,   WW.    Dept.,   City  of  Calgary, 

City  Hall,  Calgary,  Alta.     (//)  21  l-38th  Ave.,  S.W.      (A.M.  1916) 
DYMENT,  John  T.,  B.A.Sc,  (Tor.  '29),  Jr.  Engr.,  Airworthiness  Div.,  Dept. 

of  National  Defence,  Ottawa,  Ont.     (//)  14  Middleton  Drive.     (.S.  1925 


cfEADIE,  Robert  Scott,  Lieut.,  B.Sc,  M.Sc,  (McGill  '22),  Designing  Engr., 
Dominion  Bridge  Co.  Ltd.,  Box  4016,  Montreal,  Que.  (//)  4.380  Mayfair 
Ave.  (S.  1914)  (Jr.  1920)  (A.M.  1926) 
EAGER,  NoRM.^N  H.  A.,  B.,Sc.,  (McGill  '22),  M.C.E.,  (Cornell  '2.3),  Indust. 
Engr..  Shawinigan  Water  and  Power  Co.,  Power  Bldg.,  Montreal,  Que. 
(H)  4312  Montrose  Ave.,  Westmount,  Que.  (Jr.  1925)  (A.M.  1034) 
E.\GLES,  Norman  Borden,  B.Sc,  (N.B.  '3.5),  110  Cornhill  St.,  Moncton,  N.B. 

(S.  193.5) 
EARDLEY-WILMOT.   Trevor,    B.Sc,    (McGill   '13),    Northern   Electric   Co. 
Ltd.,  1261  Shearer  St  ,  Montreal,  Que.     (H)  2175  Lincoln  Ave.     (Jr.  1916) 
(A.M.  1919) 
o'EARL,   Ernest  A-,   Capt.,  Area  Mgr.,   F.   Chambers   &  Co.   Ltd.,  The  Pencil 
Works,  Stapleford,  Notts.,  England.     (A.M.  1911)     (M.  1925) 
E.A,STLAKE,  William  H.,  B.A  ,  (Tor.  '12),  Asst.  Gen.  Supt ,  Northern  Electric 
Co.  Ltd.,  1261  Shearer  St.,  Montreal,  Que.     (H)  143  Lazard  Rd.,  Town  of 
Mount  Royal,  Que.     (A.M.  1921) 
EASTON,  Frank  Stewart,  B.Sc,  (Eng.),  (Glasgow  '06),   (A.R.T.C,  Glasgow 
'03),  Chief  Civil  Engr.,  Mexican  Light  and  Power,  and  Mexico  Tramways 
Co.,  Apartado  124  Bis,  Mexico,  D.F.     (A.M.  191-5)      (M.  1.922) 
d'EASTWOOD,  D.  Ross,  B.A..Sc.,  (Tor.  '27),  .Asst.  Engr.,  Can.  Celanese  Ltd., 
Drummondville,  Que.     (A.M.  1.931) 
G.  cfEATON,  Milton,  B.Sc,  (McGill  '21),  Elec  Engr.,  .Shawinigan  Chemicals  Ltd., 
.Shawinigan  Falls.  Que.      (//)  41-9th  St.     (.S.  1920)     (A.M.  192-5) 
ECKENFELDER,   George,    B.Sc,    (Alta.    '33),    .Asst.    Engr.,    Dept.    National 
Defence  U.R.P.,  Yahk,  B.C.     (S.  1932) 
d'EDDY,  A.  C,  Capt.,  Engr.  of  Way,  B.C.  Electric  Rly.,  Vancouver,  B.C.    (H)  1620 
Burnaby  St.     (M.  1914) 
EDDY,   Harrison  P.,  B.Sc,   (Worcester  '91),   D.Eng.,   '30,    Partner,    Metcalf 
&  Eddy,  1300  Statler  Bldg  ,  Boston,  Mass.     (H)  8.5  Gray  Cliff  Rd.,  Newton 
Centre,  Mass.     (M.  1926) 
d'EDGAR,  John  H.,   Major,  B.Sc,   (McGill  '03),   Inspr.  of  Materials,  C.N.R., 

P.O.  Box  2909,  Winnipeg,  Man.     (S.  1903)     (A.M.  1910) 
cfEDMONDS,  Chas.  Wm..  B.A.Sc,  (Tor.  '19),  Supt.,  Canada  Cement  Co.  Ltd., 

Fort  Whyte,  Man.     (.S.  1914)     (Jr.  1921)      (A.M.  1924) 
rf'EDWARDS,  Charles  Peter,  Lt  -Comdr.,  O.B.E.,  Director  of  Radio,  Dept.  of 
Marine,   Rm.   220,   Hunter  Bldg.,   Ottawa,   Ont.     (H)  454   Cloverdale  Rd., 
Roekcliffe,  Ont.      (A.M.  1916) 
c^'EDWARDS,  Norman  I.  E.,  D.S.M.,  Franklin  Rly.  .Supply  Co.  of  Canada,  805 
Confederation  Bldg.,  Montreal,  Que.     (A.M.  1021) 
EGGERTSON,  E.  Gretier,  B.Sc,  (Man.  '25),  1101  McArthur  Bldg.,  Winnipeg, 

Man.     (S.  1924)     (A.M.  1030) 
EHLY.  L.  J.,  10041-lllth  St.,  Edmonton,  Alta.     (S.  1030) 

ELDERKIN,  Karl  Osler,  B.Sc,  (McGill  '20),  Mgr,,  International  Power  and 

Paper  Co.  if  Nfld.,  Corner  Brook,  Nfld,      (S.  1920)     (Jr.  1920)     (A.M.  1920) 

ELEY,  Fred  C,  B.A.Sc,  (Tor.  '21),  Sales  Engr.,  Amalgamated  Electric  Corp., 

Ltd.,  372  Pape  .Ave,  Toronto,  Ont.     (H)  62-B  Summerhill Gardens,     (S.  1921) 

(Jr.  1926) 

cTELGEE,  H.  A.,  Capt.,  B.A.,  B.A.I.,  (T.C.D.),    9  Copplestone  Rd.,    Budleigh 

Salterton,  Devon.  England.     (M.  1914) 

ELKINGTON,  G.  E.,  B.Sc,  (McGill  '23),  Oper.  Engr.,  East  Kootenay  Power 

Co.  Ltd.,  P.O.  Box  67,  Fernie,  B.C.     (S.  1919)      (Jr.  1928)     (A.M.  1933) 
ELLACOTT,  Chas.  Herbert,  B.Sc,  (McGill),  B.C.L  S.,  D.L.S,,  Project  No.  40, 
Dept.  National  Defence,  Petawawa,  Ont.      (H)  123  Beverley  Ave.,  Kingston, 
Ont.      (.S.  1888)      (A.M.  1800)      (M.  1.921)      (Life  Member) 
ELLIOT,  Donald  Geo  ,  B.Sc,  (E  linburgh '30),  An?lo-Newfoundland  Develop- 
ment Co.,  Grand  Falls,  Nfld.     (.S.  19-30)     (Jr.  1934) 
ELLIOT,  G.  B.,  B.Sc,  (McGill  '23),  Carrier  Corp.  of  Canada,  620  Cathcart  St., 
Montreal,  Que      («)  4608  Denarie  Blvd.     (S.  1922)     (Jr.  1926)     (A.M.  1.9.30) 
ELLIOT,  Laurie  B.,  B.Sc,  (Dalhousie  '03),  .Sr.  Asst.  Engr.,  D.P.W.,  Canada, 
New  Westminster,  B.C.     (//)  .521-.3rd  St.     (S.  1002)    (A.M.  1909)    (M.  1919) 
ELLIOTT,  Chas.  C,  Canal  Supt.,  Dept.   Nat.   Res.,  C.P.R.,  Box  80,  Brooks, 

Alta.     (A.M.  1919) 
ELLIOTT,  J.  Courtney,  B.Sc,  (Queen's  '34),  Southern  Ontario  Gas   Co.,  Box 

419,  Leamington,  Ont.     (H)  5  Marlboro  St.      (S.  1034) 
ELLIOTT,   LisGAR  Web.ster,   BSc,   (Alta.   '33),  Can.   Marconi  Co.,  Town  of 
Mt.    Royal,    Que.     (//)    301    Brookfield    Ave.     (S.  1933)     (Jr.  1935) 
d'ELLIS,  Douglas  Stewart.  Lt.-Col.,  D.S.O,,  M.C,  M.A,,  B.Sc,  (Queen's  '10), 
D.L.S.,  O.L.S.,  Prof,  of  C.E.,  Queen's  University,  Kingston,  Ont.     (H)  418 
Earl  St.     (S.  1909)     (Jr.  1913)      (A.M.  1919) 
ELLIS,   John  Attwill,   Asst.   Engr.,   C.N.R  ,    Rm.   603,   Can.   Express  Bldg., 
McGill  St.,    Montreal,   Que,     (H)    61    Nelson    Ave.,    Montreal   West,   Que. 
(A.M.  1021) 
ELLSWORTH,    Arthur     Crayton,    B.Sc,     (Queen's    '35),     Ridgeway,    Ont. 

(S.  1934) 
EMERSON,  Robert  Alton,  B.Sc,  (Man.  "30),  Box  24,  Morden,  Man.    (S.  1929) 

(Jr.  1932) 
EMERY,  Donald  Jos.,  205  Rutherford  St.,  Peterborough,  Ont.     (S.  1927) 
EMMERSON,  Robert  H.,  Chief  Engr.'s  Office,  C.N.R.,  Moncton,  N.B.    (H)  231 
Highfield  St,      (.S.  1908)      (A.M.  1013) 
cTEMRA,  Frederic    H.,  Lieut-Col.,    O.B.E.,    F.  H.  Emra  and  Partners,  Civil 
Cons.   Engrs.,   604   Hope   Chambers.   Ottawa,   Ont.     (H)    87   Catherine   St. 
(S.  1908)      (A.M.  1912)      (M.  1919) 
cfEMREY,  Desmond  Jospeh,  Capt.,  M.C,  M.M.,  B.Sc,  (Queen's  '22),  County 
Engr.,  Corp.  County  of  Waterloo,  Court  House,  Kitchener,  Ont.     (H)  37-B 
Ahrens  St.  W,      (.S.  1914)     (Jr.  1920)     (A.M.  1922) 
ENGEL,  Nathan  Louis,  B.Sc,   (McGill  '07),   Montreal    L.   H.   and   P.    Cons., 

Power  Bldg.,  Montreal,  Que.     (A.M.  1921) 
ENNIS,  Leo.  E.,  B.Sc,  (Queen's  '23),  Dist.  Plant  Engr.,  The  Bell  Telephone 
Co.  of  Canada,  Quebec,  Que.     (//1   Apt.  2,  69  Lnurentide  Ave.      (S.   1922) 
(A.M.  1931) 
ERICKSON,  M.  A.,  Scandia,  Alta.     (S.  1935) 
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ERICSON',    Charles    G.,     LL.B.,     (Valparaiso    '04),     Mech.    Engr.,    Canada 
Machinery  Corp  ,  Ltd.,  7(U  Bank  of  Hamilton  BIdg.,  Toronto,  Ont.    (//)  58 
Alvin  Ave.,  Toronto,  Ont.      (A.M.  1921) 
ERIKSEN,  Erik,  C.E.,  (Trond    '0.51,  Str'l.  Dftsman,  C.N.R.,  Km    433,  Union 

Station,  Toronto,  Ont.     (//)  49  Melrose  Ave.     (A.M.  1!}21) 
ERIK.SEN,   GuDMUND,    (Grad    Oslo),   .\sst,   Engr.,   Citv   Engr.'s   Dept..    Pon 
.\rthur,  Ont.     (//)  41  Elm  St.     (A.M.  19:12) 
o"ERVINE-GRIM,  W.  A.,  Capt.,  Cons.  Engr.,  Apartado  lOOfi,  Tanipico,  Tamps, 
Mexico.     (A.M.  1909)     (M.  1919) 
ESDAILE,  H.  M.,  34.50  Melrose  Ave.,  N.D.G..  Montreal,  Que.     (S.  19.i4) 
ESMOND,  DovGLAS  C,  B.Eng.,  (McGill  '33),  3592  University  St.,  Montreal,  Que. 

(S.  1934) 
EVANS,  Chas.  D.,  B.Sc  ,  (McGill  '24),  Sales  Mgr.,  Can.  Gypsum  Co.  Ltd.,  1108 

Dominion  Square  Bldg..  Montreal,  Que.     (H)  2562  Mt.  Clair  Ave.,  N.D.G. 

(Jr.   1930) 
EVANS,  D.  Arthur,  Lake  St.  John  Power  and  Paper  Co.  Ltd  ,  Dolbeau,  Que. 

(S.  1909)      (A.M.  1914)      (M.  1920) 
EVANS,  D.  E.,  B.Sc,  (McGill  '30),  M.Eng.  '33,  Apt.  4,  1466  Mansfield  St.,  Mont- 
real, Que.     (S.  1930) 
EVANS,  Edward  A.,  Evans,  Oliver  &  Tremblay,  Box  175,  147  Mountain  Hill, 

(Quebec,  Que.     (M.  1887)     (Life  Member) 
EVANS,  Edward  N.,  352  Kitchener  Ave.,  Westmount,  Que.     (S.  1930) 
EVANS,  Edwin  George,   Box  402,  Sussex,   N.B.     (M.  1908)     (Life  Member) 
cfEVANS,  Edwin  Ronald,  Capt.,  M.C.,  Bldg.  Supt.,  Parsons  Construction  Co. 

Ltd.,  Monoton,  N.B.     (//)  Lew^isville,  N.B.     (.4.A/.  1920)     (M.  1934) 
EVANS,   Geo    Ed.,   B.A.,    LL.B.,    (T.C.D.   '81),   Dom.   Bridge  Co.   Ltd.,   1139 

Shaw  St.,  Toronto,  Out.     (//)  70  Lyndhurst  Ave.     (A.M.  1907) 
EVANS,  Maurice  John,  (R.M.C,  Kingston  '20),  Dir..  Gulf  Logging  Co.  Ltd., 

Whaletown,  B.C.     Address:  c/o  Royal  Trust  Co.,  Victoria,  B.C.     (S.  19Z1) 

(Jr.   1922)      (A.M.   1932) 
EVANS,  Owen  Allen,  B.Sc.  (Queen's  33),  Assayer,  Mines  Dept.,  Algoma  Central 

Rly.,  Sault  Ste.  Marie,  Ont.     (H)  179  Denis  St.     (Jr.  1934) 
EVANS,  Philip  N.,  B.Eng.,  (McGill  '33),  Can.  Industries  Ltd.,  P.O.  Box  1200, 

Montreal,  Que.      (H)  3.52  Kitchener  Ave.,  Westmount,  Que.     (S.  1933) 
EVANS,  Thos.  Owen,  B.Sc,  (McGill  '27),  Asst.  Supt.,  Back  River  Plant,  Mont- 
real Island  Power  Co.,  St.  Vincent  de  Paul,  Que.     (A.M.  1935) 
c>"EWART,  Cecil,  Major.  D.S.O.,  Div.  Engr.,  C.N.R.,  Rm.  459,  Union  Depot, 

Winnipeg,    Man.     (II)    22    Rochester   Apts.,    Edmonton    St.     (A.M.    1907) 

(M.  1911) 
EWART,  Frank  Richard,  B.A.Sc,  (Tor.  '08),  Partner,  Ewart,  Armer  &  Byam, 

Ltd.,  909ExcelsiorLife  Bldg.,  Toronto, Ont,    (//)  165  Grenadier  Rd.  (M.  1921) 
tEWART,   George   R.,   Jr.,    B.Sc.    (McGill   '00),    Mgr.,   Cebu   Sugar   Co.    Inc., 

Cebu,  P.O.  Box  195,  Philippine  Islands.      (.S.  1898)      (AM.  190!)) 
EWART,  Henry  Edward,  Supt.,  Roval  Canadian  Mint,  Ottawa,  Ont.     (//)  243 

First  Ave.     (M.  1935) 
EWART,  J.  Albert,  B.A.Sc,  (Tor.  '95),  Architect,  900  Jackson  Bldg.,  Ottawa. 

Ont.     (H)   114  Cameron  St.     (A.M.  1907) 
EWENS,  Frank  G.,  B.A.Sc,  (Tor.  '32),  Apt.  3.  83  Madison  Ave  .  Toronto,  Ont. 

(S.  1932) 
CHEWING,  Wm.  Adam,  Lieut.,  MM.,  C.N.R.,  London,  Ont.     (S.  1907)     (A.M. 

191.i) 


FAGAN,  James  Wilfrid,  B.Sc,  (McGill  '23),  Asst.  Gen.  Supt.,  Northern  Electric 
Co.  Ltd.,  1261  Shearer  St.,  Montreal,  Que.  (H)  4210  Marcil  Ave.  (S.  1920) 
(A.M.  1930) 

FAHEY,  Ja.s.   Vincent,  B.Sc,   (Queen's  '21),   138  Ja;nes  St.,  St.   Catharines, 

Ont.      (Jr.   1922)      (A.M.   1927) 
FAIRBAIRN,  John  Macfarlane.  B.Sc,  (McGill  '24),  Gen.  Mgr.,  Chas.  War- 
nock   &  Co.,   1000  McGill  Bldg,,  485  McGill  St.,  Montreal,  Que.     (H)  306 

Lansdowue  Ave.      (S.  1921)     (A.M.  1931) 
FAIRBAIRN,  John  M.  R.,  D.Sc  ,  (Tor.  "93),  Chief  Engr  ,  C.P.R.,  Windsor  Sta- 
tion,   Montreal,   Que.     (//)    1939    St.    Luke   St.      (A.M.    1899)     (M.    1908) 

(Past  President) 
FAIRBAIRN,  Rhys  Aikins,  B.A.Sc,  (Tor.  '23).  Divn.  Comm.  Superv.,  Bell 

Telephone  Co.  of  Canada,  70  Adelaide  St  W.,  Toronto,  Ont.     (H)  43  Duggan 

Ave.     (S.  1921)     (A.M.  1928) 
FAIRLIE,  Howard  Wallace.  (Tor.   '10),   Mgr.,  Delta  Star  Electric  Co.,  750 

Belair  Ave.,   Montreal,  Que.     (//)    155    Edison    Ave.,    St.    Lambert,    Que. 

(A.M.   1020) 
FALKNER,  John  Wm.,  Asst.  Engr.,   H.E.P.C.   of  Ont.,  020   University  Ave., 

Toronto,  Ont.      (//)   172  Bythwood  Rd.      (A.M.  1922) 
FANJOV,  W.M.  T.,  B.Sc,  (Aha.  '24),  Indust.  Control  Dept  ,  Cm.  Gen.  Elec  Co 

Ltd.,    Peterborough,    Ont.      (//)    223    Crescent    St       (.S.    1925)      (Jr.    1929) 

(Sec.-Treas.,  Pelerbvr<,„uli  Hr..  E.I.C.) 
FARMER.  Eric  Westover,   B.Sc,   (McGill  '24),  Elec.  Engr.,  Can.   Marconi 

Co.,  Ltd.,  Montreal,  Que.    (//)   35  Beverley  Ave.,  Town  of  Mount  Royal,  Que. 

(S.1922)      (A.M.  1928) 

G'.tFARMER,  John  Taylor,  .M  Sc,  (Liverpool),  M.A..Sc.,  (McGill),  Mech.  Engr., 
Montreal  Engineering  Co.  Ltd.,  244  St.  James  St ,  Montreal,  Que.  (H)  30 
Maple  Ave  ,  Ste.  Anne  de  Bellcvue,  Que.  (S.  1897)  (A.M.l.OO-J)  (M.  191.9) 
FARMER,  Rupert  Whitley,  B.Sc,  (McGill  '21),  Field  Engr.,  E.  G.  M.  Cape 
&  Co.,  Contrs.,  New  Birks  Bldg.,  Montreal,  Que.  (//)  133  Hillcrest  Ave., 
Montreal  West,  Que.  (A.M.  1930) 
cJ"FARNSWOKTH,  Arthur  Leslie,  B.Sc,  (McGiU  '23),  Howard  Smith  Paper 
Mills,  Cornwall,  Ont.  (//)  200  Fifth  St.  W.  (S.  1921)  (Jr.  1925)  (A.M. 
1929) 

■  jFARNSWORTH,  F.  D.,  City  Mgr.  and  City  Engr.,  City  Hall,  City  of  Brewer, 
Maine.     (//)  39  School  St.     (A.M.  1923) 
cfFARNSWORTH,   Raymond   H.,   Lieut.,  B.Sc,   (CJueen's  '10),   Anglo-Canadian 
Pulp  and  Paper  Mills,  Ltd., Quebec,  Que.     (H)  454  St.  CyrilleSt.     (Jr.  1921) 
(A.M.   1930) 

FAHRAR,  X  ,  B.Sc,  (McGill  '25),  Can.  International  Paper  Co.,  1155  Beaver 

Hall  Hill,  Montreal,  Que.     (H)  2237  Grand  Blvd.     (S.  1923)     (Jr.  1926) 
FARRELL,  Alfred  J.,  B.Sc,  (McGill  '24),  Roval  Trust  Co.,  Montreal,  Que. 

(//)  5088  Cote  St.  Antoine  Rd.     (S.  1924)      (Jr.  1920) 
cTFARRELL,  J.  W.  D.,  Capt.,  B..Sc,  (Queen's  '15),  Supt,    Waterworks,   City   of 

Regiiia,  City   Hall.     (//)   3025   Rae  St.,   Regina,  Sask.     (Jr.   1920)      (A.M. 

1921)      (.1/.  19.-I5) 

o'FARROW,  I{i<}HARD  CiiAHLEB,  B.C.L.S.,   Hvdr.  Engr.,  Water  Rights  Hr  ,  B.C  , 
Parliament  Bldgs.,  Victoria,  B.C.     (II)  1033  Davie  St.      (A.M.  1933) 
FAULKNER,    Frederick    R,    B.A.,    (Acadia),    SB.,    (M.I.T.),     Professor    of 
Civil  ICngincering.    Nova  Scotia  Tecliiiic:il   rollogc,    HalifMX,    N.S.     (//)    28 
Fenwick  St.     (Af    IHI8) 


FAURE,  Marcil  A.,  B.A.Sc,  (Ecole  Polytech.  Montreal  '34),  32  Elmwood  Ave.. 

Outremont,  Que.     (S.  1934) 
FAWCETT,  Sydney  Dawson,  D.L.S  ,  Topographical  Surveys  Br.,  Dept.  Inter., 

Ottawa,  Ont.      (//)   120  Belmont  Ave.     (.S'.  1907)      (Jr.  1015)     (A.M.  1922) 
FAY,  Frederic  H.S.B.,  M.Sc,  Fay,  Spofford  &  Thorndike.Cons.Engrs.,  Water- 
man Bldg.,  44  School  St.,  Boston,  Mass.     (//)  227  Savin  Hill  Ave.,  Dorchester, 

Mass.     (M.  1909) 
KEETHAM,    Luke   B..    B.,Sc..    (N.S.T.C.    '21),    .\sst.    Engr.,   Halifax    Harbour 

Commrs.,  Halifax,  N.S.      (//)  2  Stanley  Place.     (A.M.  1930) 
FEICK,  C.  G.  E.,  B.A.Sc,  (Tor.  '28),  Port  Elgin,  Ont.     (Jr.  1.932) 
FELL,  Arthur  Thornton,  B..\.Sc,  Works  Lab.  Chemist,  Can.  Industries  Ltd., 

McMasterville,  Que.     (//)  921  Foul  Bay  Rd  ,  Victoria,  B.C.     (S.  1928) 
FELLHEIMER,  Alfred,  B.Sc,  (Hlinois  '9.5),  Sr.  Member  firm  of  Alfred  Fell- 

hcimcr-Stewart  Wagner,  Arch'ts.  and  Engrs.,   1.55  E.  42nd  St.,  New  York, 

N.Y.     («)  110  Riverside  Drive.     (M.  1.920) 
FELLOWS,  Howard,  B..Sc  ,  (McGill  '21),  Asst.  Chief  Engr.,  Nova  Scotia  Power 

Comm.Bankof  Nova  .Scotia  Bldg..  Halifax,  N.S.     (//)  247  Town  Rd.     (A.M. 

1930) 

FENNER,  Thos.  Henry,  Mgr.  Engrg.  Dept.,  General  Accident  Assurance  Co.  of 

Canada,  357  Bay  St.,  Toronto  2,  Ont.     (//)  Apt.  1,  420  Walmer  Rd.     (A.M. 

1922) 
FENNIS,  Albert  M.,  c/o  North  American  Cyanamid  Co.,  Niagara  Falls,  Ont. 

(A.M.  1931) 
FERGUSON,  Alexander,  Asst.  Gen.  Mgr.  and  Acting  Comptroller,  Harbour 

Commrs.  of  Montreal,  357  Common  St.,  Montreal,  Que.     (H)  042  Murray 

Hill  Ave.,  Westmount,  Que.      iS.  1005)     (A.M.  1907)      (M.  1014) 
FERGUSON,   A.   A.,   B.Sc,   (Dalhousie  '29),  B.Sc,   (McGill  '31),   Reed,  Shaw 

&  McNaught,  Royal  Bank  Bldg.,  Montreal,  Que.     (//)  Pictou,  N.S.     (.S.  1020) 
cTFERGUSON,  Andrew  Welsh,  Cadboro  Bay,  V.I.,  B.C.     (S.  1910)     (Jr.  1914) 

(A.M.  1921) 
cTFERGUSON,  Geo.  Hendry,  Capt.,  M.C.,  B.A.Sc,   (Tor.  '06),  D.L.S.,  Chief 

Sanitary  Engr.,  Dept.  of  Pensions  and  National  Health,  Elgin  Bldg.,  Ottawa, 

Ont.     (//)  296  Buena  Vista  Rd.,  RockclifTe,  Ont.     (S.  1906)     (A.M.  1909) 

(M.  1910) 
FERGU.SON,  Hardy  S.,  (</),  B.S.,  C.E.,  Cons.  Engr.,  Hardy  S.  Ferguson  &.  Co., 

200  Fifth  Ave.,  New  York,  N.Y.     (M.  1903) 
d'FERGUSON,  James,  Lieut,  Div.  Engr,  C.N.R.,  London,  Ont.     (H)  96  Wind- 
sor Ave.     (Jr.  1913)     (A.M.  1916) 
FERGUSON,  Jas.  Bell,  B.Sc   (McGill  '35),  Asst.  Mgr.,  Pictou  Foundry  and 

Machine  Co.,  P.O.  Box  200,  Pictou,  N.S.     (S.  1932) 
FERGUSON,  John  Henry,  B.Sc,  (Man.  '29),  R.C.A.F.,  Dept.  National  Defence, 

215  Canadian  Bldg.,  Ottawa  Ont.     (//)  215  Gladstone  St.     (Jr.  1931) 
FERGUSON,  Robert,  67  Elmer  Ave.,  Toronto,  Ont.     (A.M.  1917) 
FERGUSON,  Wm.  Patterson,  B.Sc,  (McGill  '24),  Mgr.,  Peacock  Brothers,  Ltd., 

Pacific  Coast  Fire  Bldg.,  Vancouver,  B.C.      (H)    4550-7th  Ave.   W.    (A.M. 

1030) 
cfFERGUSSO.N,    Hugh   Boscawen,   32   St.    John's    Park,    Blackheath,    London, 

S.E.3.      (A.M.  1010)     (M.  1915) 
d''FERRIER,   Alan   ,M.C  ,   B.Sc,   (McGill  '20),  Sciuadron-Leader,  Aeronautical 

Engr.  for  Development,  R.C.A.F.,  Dept.  of   National  Defence,  Ottawa,  Ont. 

(//)  370  Driveway.     (S.  1919)     (A.M.  1922) 
o"FETHERSTONHAUGH,  Edward  P.,  Lt.-Col.,  M.C.,  B.Sc,  (McGill  '99),  Dean 

of  the  Faculty  of  Engrg.  and  Arch.,  and  Prof,  of  Elec.  Engrg.,  University  of 

Manitoba,  Winnipeg,  Man.    (//)  801  Dorchester  Ave.    (8.1899)    (A.M.  1908) 

(M.  1920) 
cfFETHERSTONHAUGH,  Wm.  S.,  Lt.-Col.,  C.B.E.,  Div.  Engr..  C.N.R.,  Calgary, 

Alta.     (H)  810  Royal  Ave.      (A.M.  1907)     (M.  1914) 
rf'FETTERLY,  Philip  Au.stin,  Lieut.,  B.Sc,  (McGill  '09),  Dom.  Water  Power  and 

Hydrometric  Bureau,  Dept.  Interior,  Calgary,  Alta.     (//)  639-14th  Ave.  W. 

(Jr.   1912)      (A.M.   1913) 
cfFIEGEHEN,  Edward  Geo.,  Major,  R.E.,  Mech.  Eiigr.,  Griswold  &  Co.  Ltd  , 

407  McGill  St.,   Montreal,  Que.     (//)   Box  107,  Chateauguay  Basin,  Que. 

(M.  1928) 
FIELD,  Reginald  Hugh,  (Liverpool  '13),  Superv.,  Physical  Testing  Lab.,  Dept. 

Physics  and  Engrg.,  National  Research  Council,  Ottawa,  Ont.     (//)  12  Rock- 

cliffe  Way.     (A.M.  1922) 
cTFIFE,  W.  M  ,  Lieut.,  B.,Sc,  (Alta.  '13),  S.M.,  (M.I.T.),  Assoc  Prof.  Massachusetts 

Institute  of  Technology,  Cambridge,  Mass.     (H)  44  Lakewood  Rd.,  Newton 

Highlands,    Mass.      (Jr.    1914)      (A.M.    1927) 
d'FI.NDLATER,    Richard    Hamilton,    74    Highfield   St.,    Moncton,    N.B.     (M. 

1935) 
FINDLAY,  Reginald  Hudson,  A  R.T.C,  Mech.  Engr.,  Dom.  Bridge  Co.  Ltd., 

Box   4016,    Montreal,   Que.     (//)    266   Lansdowne   Ave.,    Westmount,   Que. 

(A.M.  1920)      (A/.  1032) 
FINLAY,   RusKiN  Reid,  B.A.Sc,   (Tor.   '35),    01    Breadalbane    St.,  Toronto, 

Ont.      (S.  1933) 
FINLAYSON,  a.   W.,   B.Sc,   (McGill  '24),  Committee    on    Newsprint,    1021 

Roval  Bank  Bldg.,  Montreal.  Que.     («)   4939  Earnscliffe  Ave.,    (S.   1922) 

(A.M.  1930) 
FINLAYSON,  Ernest  Herbert,  B.Sc,  (Tor.  '12),  Director  of  Forestry,  Forest 

Service,   Dept.    Inter.,    Ottawa,    Ont.     (H)    171   Cameron  St.     (A.M.  1923) 

(.M.  1927) 
FINLAYSON,  John  X.,  M  Sc,  (McGill  '09),  Prof,  of  Civil  Engrg.,  University  of 

Manitoba,    Winnipeg,    Man.,    and    Cons.    Engr.     (H)    271    Harvard      Ave. 

(S.  1908)      (A.M.   1912)      (.M.  1919) 
F'INNEMORE.  Harold  Forsyth,  B.Sc,  (Queen's  '17),  Asst.  Elec  Engr.,  C.N.R., 

905  C  N.  Express  Bldg.,  Montreal,  Que.     (H)  112  Balfour  Ave.,  Town  of  Mt. 

Koyal,  Que.     (A.M.   1921) 
FLXNIE,  Oswald  Sterling,  B.Sc,  (McGill  '97),  U.L.S.,  34U  (Jueen  St.,  Ottawa, 

Ont.     (A.M.   1912)     (M.  19  il) 
FIRTH,  Angus  T.,  Speight  Specialty  Co.,  23  Jarvis  St.,  Toronto,  Ont.     (H)  25 

Hilda  Ave.     (S.  1931) 
FISHER,  Chas.  B.,  B.Sc,  (Tor.  '30),  Radio  Engr.,  Dept.  159,  Northern  Electric 

Co.,  1261  Shearer  St.,  Montreal,  Que.     (H)  Apt.  7,  410  Victoria  Ave.,  West- 
mount,  Que.     (S.  1927) 
FISHER,  Fred  Sorley,  B.Sc,  (-Alta.,  '24),  Tech.  Dev.  Dept.,  Northern  Electric 

Co.,  Ltd  ,  Dept.  805,  1261  Shearer  St.,  Montreal,  Que.     (//)  2144  Prud'homme 

Ave.      (Jr.    1926) 
FISHER,  John  A.,  B.A.Sc,  (Tor.  '32),  Mech.  Sales  Dept.,  Can.  Goodrich  Co., 

Kitchener,  Ont.,  Box  162,  Fergus,  Ont.      (S.  1932) 
KISHER,  Richard  James,  South  .\frican  Iron  and  Steel  IndustrialCorp.  Ltd., 82 

Marshall  St.,  Johannesburg,  S.A.     (A.M.  1021) 
FISHER,  Sevmouk  J  .  B.Sc,  (McGill  '10),  Gen.  .Supt.,  Price  Bros.  &  Co.  Ltd., 

Kiverbrn.l.  ()uc      iAM.I9l5)      (M.I9I0) 
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FISHER,  Sidney  Thomson,  H.A.Sc,  (Tor.  '3U),  Kugr.,  Northnrn  Klfictrii-  Go  , 

1201  Shearer  St,.  Montreal,  Que.     (//)  Apt.  7,  410  Victoria  .\vc.,  Westmoiint, 

Que.     (S.    1927)     (Jr.    1936) 
FITZGER.\LD,  Geo.  G.,  Superv.,  Manual  Training,  Regina  Scrlmol  Board.     (//) 

2321  Garnet  St.,  Regina,  Sask     {A.M.  19^4) 
I'TTZ-JAMES,  H.  C,  Vice-Pres.  and  Mgr.,  Pacifin  Coast  Pipe  Co.,  ITwl  Granville 

St.,  Vancouver,  B.C.     (//)  2090  S.W.  Marine  Drive.     (A.M.  1919) 
FLAHERTY,  B.  G.,  B.S.,  (Washington  'IG).  Chief  Engr.,  General  Dredging  Con- 
tractors, Ltd.,  1405  Peel  St.,   Montreal,  Que.     (//)    6057   Monkland   Ave. 

(M.  1932) 
FLANAGAN,  Oliver  L.,  B.A.Sc.,  (Tor.  '10),  921  St.  Clair  Ave.  W.,  Toronto, 

Ont.     (A.M.    1913) 
FL.\Y,  William  H.  G.,  Br.  Mgr.,  Dom.  Reinforcing  .Steel  Co.,  396  Somerset  St. 

W.,  Ottawa,  Ont.     (H)  380  Sunnyside  Ave.     (A.M.  1921) 
cfFLEISCHMANN,  Albert  Chas.,  3271  Van  Home  Ave.,  Montreal,  Que.     (A.M. 

1928) 
P.FLEMING,  Alex.  Greiq,  B.A.,  (Queen'.s  '04),  Chief  Chemist,  Canada  Cement 

Co.  Ltd.,  Canada  Cement  Bldg.,  Montreal,  Que.  (//)  2105  Grey  Ave.   (M.  1928) 
FLEMING,  C.  D.,  B.Sc,  (McGill  '24),  An»lin-Norcross  Ontario  Ltd.,  57  Bloor 

St.  W.,  Toronto,  Ont.     (//)  66  Rathnellv  Ave.     (S.  1924)    (Jr.  1928)     (A.M. 

1932) 
FLEMING,  Donald  C,  B.Sc,   (Alta.   ':«),  511-17th  Ave.  W.,  Calgary,  Alta. 

{S.  lOS.i) 
FLEMING,  John  M.,  B.Sc,  (Man.  '21),  .Str'l.  Designer,  C.  D.  Howe  &  Co.,  710 

Whalen  Bldg.,  Port  Arthur,  Ont.    (H)   114  Prospect  Ave.    (S.  1919)    (A.M. 

1928) 
(^'FLEMING,  Robert,  C.E.,  Vice-Pres.,  Wood,  Fleming  &  Co.,  700  Royal  Bank 

Bldg.,  Toronto.  Ont.     (H)  61  Foxbar  Rd.     (A/.  1921) 
d'FLETCHER,  Hugh  MuHR.*.y,  Lieut.,  (Tor.  '00),  377  Hess  St.  S..  Hamilton,  Ont. 

(A.M.   1922) 
FLETCHER,  Tho.s.   H.,  B.Sc.   (N.B.  '34),  Coles  Island,  Queens  County.  N.B. 

(S.  193.',)  .     ' 

o'FLETCHER.  W.  ,1.,  Lieut.,  B.Sc,  (Queen's  '10),  O.L.S.,  Private  Practice,  201 

Security  Bldg.,  Windsor,  Ont.     (H)  147  Partington  Ave.     (A.M.  1919) 
FLEURY,  J.  Erne,st,  B.A.,  C.E.,  (Ecole  Polytech.,  Montreal  '17),  Asst.  Principal, 

Technical  and  Papermaking  School,  7-A  Ste.  Marie  St.,  Three  Rivers.  Que. 

(A.M.   1927) 
FLEURY,  Maurice,  B.A.Sc,  (Ecole  Polytech.  Montreal  '34),  .\gent.  Industrial 

Scientific  Apparatus  Co.  Ltd.,  521  Ontario  St.  E.,  Montreal,  Que.     (H)  40 

Spring  Grove.  Outremont,  Que.     (S.  1934) 
FLEXMAN,  .1.  K.,  B.Sc,  (Queen'.s '33),  Lt.  R.C.E.,  c/o  The  S.M.E.,  Brompton 

Barracks,  Chatham,  Kent,  England.      (S.  t93.i) 

FLINTOFF,  Allan  F.,  B.Sc,  Asst.  Res.  Engr.,  Dept.  of  Highways,  .Stratford, 

Ont.     (//)  90  Front  St.     (Jr.  1932) 
FLITTON,  Ralph  Cyril,  B.Sc,  (McGill  '14),  Engr.,  Wm.  Hamilton  Divn.,  Can. 

Vickers,  Ltd.,   Box   550,   Montreal.  Que.     (H)   4867  Wilson  Ave..  N.D.G. 

(Jr.   1914)      (A.M.   1920) 
FLOOD,  .John  N..  B.Sc,  (N.B.  '10),  Pres.,  John  Flood  &  Sons,  Ltd.,  HI  Princess 

St.,  Saint  John,  N.B.      (H)  90  Coburg  St.     (Jr.  1920)     (A.M.  1923) 
FOGARTY,  J.  William  P.,  B.Sc,  (McGill  '31),  Instr.  in  Physics,  St.  Francis 

Xavier   University,   .\ntigonish,   N.S.      (H)  124  Weldon  St.,  Moncton,  N.B. 

(S.  1929) 
FOGARTY,  OnviLLE  Alden,  Mgr.,  Oil  Burners  Divn.,  Can.  Fairbank.s-Morse  Co., 

Montreal,  Que.     (//)  2178  Old  Orchard  Ave.     (M.  1922) 
FONG,   W.    H.,   B.Sc.    (McGill   '28),    123   Dorchester  St.   W.,   Montreal,  Que. 

(S.  1926) 

FORBES,   Jas.    MacGregor,    Res.   Engr.,   Highways   Br.,   Dept.   P.W.,   .\lta., 

Edmonton,  Alta.     (H)  10547-125th  St.     (A.M.  1920) 
(/FORBES,  John  Hunter,  Major,  B.Sc,  (McGill  '08),  Asst.  Dist.  Engr.,  C.P.R., 

Montreal,  Que.     (//)  420  Wiseman  Ave.,  Outremont,  Que.     (A.M.  1919) 
FORD,  Arthur  L,,  B.A.Sc,  (Tor.  '0.51,  R.R.  1,  Royal  Oak,  Saanich,  V.I.,  B.C. 

(A.M.  1908)      (M.  1914) 
FORD,  J.  William  H.,  B.A.Sc,  (Tor.  '15),  Supt.,  Shawinigan  Engineering  Co. 

Ltd.,  Power  Bldg.,  Montreal,  Que.     (//)  Apt.  5,  1154  St.  Mark  St.,  Montreal, 

Que.     (S.  1911)     (Jr.  1916)     (A.M.  1919) 
cf  FORD,  Robert,  B.Sc,  (McGill  '22),  Plant  Engr.,  Dom.  Rubber  Co.  Ltd.,  Papi- 

neau  Factory,  Montreal,  Que   (//)  Apt.  3,  Sherbrooke  Apts.,  1374  Sherbrooke 

St.  W.      (S.  1.921)      (Jr.   1923)      (A.M.   19J.5) 
FORD,   William   B.,   O.L.S.,   Can.  Engineering  and  Contracting  Co.  Ltd.,  506 

Imperial  Bldg,  Hamilton,  Ont.    (//)  42  Ontario  St.,  Burlington,  Ont.    (A.M. 

1899)      (Life  Member) 

tFORDE,  John  Preston,  Dist.  Engr.,  D.P.W.,  Canada,  319  P.O.  Bldg.,  Victoria, 

B.C.     (H)  2160  Sperling  St.     (M.  190.5) 
FORD-SMITH,  Percy,  Pres.  and  Gen.  Mgr.,  The  Ford-Smith  Machine  Co.  Ltd., 

Hamilton,  Ont.     (//)  Ancaster,  Ont.     (A.M.  1928)      (M.  1930) 
tFOREMAN,  Alvah  E.,  B.Sc  ,  (McGill  '03),  Assoc.  Prof,  of  C.E.,  University   of 

B.C.,   Unversity   Hill,  Vancouver,  B.C.     (H)   45o3-W.  8th  Ave.     (S.   1903) 

(A.M.  1909)     (M.   1918) 
d'FOREMAN,  John  Leonard,  Lieut.,  B.A.Sc,  (Tor.  '14),  Officer  i/c  Lake  Winni- 
peg Surveys,  Hydrographic  Survey,  Dept.  of  Marine,  Ottawa,  Ont.      (H)  587 

MacLaren  St.     (S.    1914)      (A.M.   1921) 
cTFORGAN,  David,  Capt.,  Constrn.  Engr.,  H.E.P.C.  Ont,,   020  University   Ave., 

Tornto,  Ont.     (H)  Highland  Cres.,  R.R.  2,  York  Mills,  Ont.      (A.M.  1932) 
FORGIE,  JAME.S,  Cons.  Engr.,  15  William  St.,  New  York,  N.Y.     (M.  1910) 
FORRISTAL,  Gerald  Jos.,  Asst.  Mgr.,  London  &  Petrolia  Barrel  Co.,  Ltd.,  703 

Little  Simcoe  St.,  Loudon,  Ont.     (H)  .562  Wellington  St.     (.S.  1927) 
FORSBERG,  C.  R.,  B.Sc,  (Sask.  '31),  Dunblane,  Sask.     (S.  1931) 
FORTIN,  Eugene,  13  Ste.  Anne,  Pointe-aux-Trembles,  Que.     (A.M.  1923) 
FORTIN,  J.  Joachim,  3567  Papineau  Ave.,  Montreal,  Que.     (S.  1908)     (A.M. 

1913) 
FORTIN,  Jean  Julien,  B.Sc,  (Queen's  '34),  Elec.  Engr.,  Saguenay  Power  Co. 

Ltd.,  Arvida,  Que.     (//)  48  Ave.  Begin,  Chicoutimi,  Que.     (Jr.  1935) 
FORTIN,  SiFROY  Joseph,  Cons.  Engr.  to  Executive  Committee,  City  of  Montreal, 

City  Hall,  Montreal,  Que.     (//)  .3800  Grey  Ave.     (M.  1915) 
FORW.\RD,  Edwin  Albert,   (Tor.   '97),  Chief  Engr.,  Angus  Rol)ertson  Ltd., 

Rm.  1406,  1440  St.  Catherine  St.  W.,  Montreal.  Que.     (H)  3567  Duroeher  St. 

(A.M.  1900)      (M.  1911) 
FORWARD,  Frank  A.,  B.A  Sc,  (Tor.  '24),  University  of  B.C.,  Vancouver,  B.C. 

(S.   1921)      (Jr.  1929) 

tFOSNESS,  Arthur  Williams,  EM.,  (Minn.  'ID,  Chief  Engr.,  Carter-Halls 
Aldinger  Co.,  515  Union  Bank  Bldg.,  Winnipeg,  Man.  (A.M.  1921) 
(M.  1927) 

FOSS,  Carroll  Lund,  P.L.S.,  Wilmot,  Annapolis  Co.,  N.S.      (A.M.  1920) 


FOSTER,  ViiHNoN  Simons,  B.Sc,  (Kansa.s  '10),  M.Sc,  (Penn.  State  '10), 
Induction  Motor  Engr.,  Can.  Gen.  Elec.  Co.  Ltd.,  Peterborough, Ont.  (//)  510 
Gilmour.St.     (A.M.  1920) 

FOULIS,  A.  D.,  B.Sc,  (N.S.T.C.  '21)),  Sales  Engr.,  Can.  Fairbanks  Morse  Co 

Ltd.,  164-66  Granville  St.,  Halifax,  N.S.     (//)  40  Walnut  St.     (Jr.  1931) 
FOULKES,  Thos.,  B.Sc,  (N.B.  '26),  Asst.  Mtce.  Supt.,  .Spruce  Falls  Power  and 

Paper  Co.,  Kapuskasing,  Ont.     (//)  Campbellton,  N.B.     (.S.  1925)    (Jr.  1929) 
FOURNIER,  Victor  A.,  B.A.,  (Laval  '11),  800  Dunlop  Ave.,  Outremont,  Que 

(.S'.  1913)     (A.M.  1923) 
FOWLER,  C.  A.  DeW.,  B.Sc.  (N.S.T.C.  '14),  C.  A.  Fowler  &  Co.,  Engra.  and 

Arch'ts.,  Capitol  Bldg.,  Halifax,  N.S.     (//)  67  Norwood  St.     (A.M.  1919) 

(M.  1923) 

FOWLER,  Charles  E.,  M.Sc,  Cons.  Engr.,  5  West  63rd  St.,  New  York,  N  Y 

(M.  1904) 
cfFOWLER,  Frank  Scott,  Capt.,  M.C.,  B.Sc,  (McGill  '10),  Dir.,  Nelson  River 

Construction  Co.  Ltd.,  607  Union  Trust  Bldg.,  Winnipeg,  Man.    (A.M.  1916) 
cfFOX,  C.  Harry,  I,icut.,  M.Sc,  (McGill  '10),  Engr.  of  Water  Service,  C.P  R 

Winnipeg,    Man.     (//)    Royal   Alexandra    Hotel.     (S.    1907)     (A.M.    1913) 

(M.  1921) 
FOX,   John    Holloway,    B.A.Sc,    (Tor.    '27),    Engr.,    Minneapolis    Honeywell 

Regulator  Co.  Ltd.,  117  Peter  St.,  Toronto,  Ont.     (//)  37  Macdonell  -Ave 

(S.  1926)      (Jr.  19.30)      (A.M.  1.935) 

FOY,  Albert  J.  B,  B.Sc,  (McaiU'24),  Inspr.,  Can.  Fire  Underwriters  Assn.,  628 

Coristine  Bldg.,  Montreal,  Que.     (H)  71  Clandeboye  Ave.,  Westmount,  Que. 

(S.  1925)      (A.M.  1931) 
FRAME,  Stanley  H.,  Hydraulic  Engr.,  Water  Rights  Br.,  Dept.  of  Lands 

Parliament  Bldgs.,  Victoria,  B.C.     (S.  1903)     (A.M.  1911) 
FRANCIS,  John  Barton,  B.Sc,  (McGill  '30),  Can.  Industries  Ltd  ,  Montreal 

Que.     (H)  4100  Cote  des  Neiges  Rd.     (S.  1928) 

d'FRANCIS,  Thos.  Frederick,  Lieut.,  .\pt.  2,  8  Dundonald  St.,  Toronto,  Ont 

(A.M.  1920) 
FRANKLIN,  R.  Laurence,  B.Sc,  (Queen's  '30),  Ord.  Mech.  Engr.,  R.C.O.C, 

Dept.   of  National    Defence.      .\ddress:  c/o  Canada  Hou.se,  Trafalgar  Sq. 

London,  S.W.I,  England.    (//)  Maxvillc,  Ont.,  Canada.    (.S.  1928)    (Jr.  1934) 
FRA,SER,  Allan  D.,   B.Eng  ,   (McGill  '31),  .Siscoe  Gold   Mines,  Ltd,  Siscoe 

Que.     (//)  1239  Van  Home  Ave,  Montreal,  Que.     (S.  1934) 
cfFRASER,  Andrew  S.,  Lieut.,  B.Sc,   (McGill  '22),  Supt.,  Canada  Starch  Co  . 

Cardinal,  Ont.     (A.M.  1925) 
cfFR.\SER,  Archibald  N.,  Lieut.,  B.Sc,  (McGill  '09),  Chief  Engr.,  Radio  Br 

Dept.  of  Marine,  Ottawa,  Ont.     (H)  11  Rockcliffe  Way.     (A.M.  1926) 
cfFRASER,  .\rthur,  Capt.,  (R.I. E.G.  '95),  c/o  Sir  John  G.  Eraser,  C.M.G.,  P.O. 

Box  17,  Launceston,  Tasmania,  Australia.     (.i.M.  1921) 
FR.^SER,  Campbell,   (Dalhousie  '32),   B.Sc,   (Queen's   '34),   Inipr.,   Dept    of 

Highways,  Port  Hope,  Ont.     (S.  1930) 
FR.V.SER,  Charles  E.,  B.Sc,   (McGill  '9:)),   Pres.,  Fraser,  Brace   &  Co.,   Inc., 

10  East  40th  St.,  New  York,  N.Y  ,  and  Fraser-Brace  Engineering  Co.,  107 

Craig  St.  W.,  Montreal,  Que.     (H)  83-20  .\bingdon  Rd.,  Kew  Gardens,  L  I  . 

N.Y.     (S.  1899)     (M.  1909) 
c("FRASER,  Christopher  Edwin,  Capt.,  B.Sc,  (Queen's  '16),  Engr.,  McNamara 

Construction  Co.  Ltd.,  53  Yonge  St.,  Toronto  2,  Ont.     (//)   78  Falcon  St 

(S.  1916)      (Jr.  1.920)      (A.M.  1.922) 
FR.\SER,   Daniel  Macearlane.   Pros,   and  Gen.   Mgr.,   D.   M.   Fraser,  Ltd., 

and  Leland  Electric  Canada,  Ltd.,  9  Duke  St.,  Toronto,  Ont.     (H)  82  Hillsdale 

Ave.  W.     (M.  1920) 

d'FRASER,  I.  Matheson,  B.Sc,  (McGill  '19),  Prof.,  Mech.  Engrg  ,  University 
of  Saskatchewan,  Saskatoon,  Sask.  (//)  115  Albert  Ave.  (Jr.  1920)  (A  M 
1928)  '     \    ■      ■ 

FRASER,  J.  Douglas,  B.Sc,  (Dalhousie),  B.Sc,  (McGill  '25),  Chief  Engr., 
Acadia  Sugar  Refinery  Co.  Ltd.,  Box  400,  Dartmouth,  N.S.  (S.  1926) 
(Jr.  1929)      (A.M.  19.30) 

FR.\SER,  John  Philip.  BEE,  (Man.  '14),  Brandon  Gen.  Mi;r.,  Manitoba 
Power  Comm.,  Brandon,  Man.      (//)  247-14th  .St.     (A.M.  19J9) 

FRASER,  N.  Innes,  (R.M.C,  Kingston),  B.Sc,  (McGill  '30),  Capt.,  R.C.E 
D.E.O.,  M.D.  12,  Regina,  Sask.     (H)  2824  Regina  Ave.     (S.  1930) 

FRASER,  Ralph  Percy,  B.Sc,  (Man.  '31),  107  Tache  .\ve.,  Norwood,  Man 
(S.  1930) 

FRASER,  T.  Bryant,  New  Liskeard,  Ont.     (S.  1922) 

FRASER,  WiLLAHD  Bruce,  B.Sc,  (McGill  '27),  Engrg.  Dept.,  Canadian  In- 
dustries Ltd.,  Beaver  Hall  Bldg.,  Montreal,  Que.  (H)  4369  Melrose  Ave  . 
N.D.G.     (,S.  1925)     (A.M.  1932) 

FRECKER,  Geo.  Alain,  B.Sc,  (N.S.T.C.  '32),  Research  Asst.,  Dept.  of  Educa- 
tion, St.  John's,  Nfld.     (//)  Maxse  St.,  Bungalow.     (S.  1930)     (Jr.  1934) 
FREELAND,  John  Anderson,  B.Sc,   (Penna.   '03),  Cons.  Paper  Corp.,  Ltd, 

Montreal.  Que.     (//)  2425  Madison  .\vc,,  N.D.G.     (A.M.  1908) 
FREELAND,  John  James,  B.Sc,  (McGill  '15),  Can.  International  Paper  Co 

Temiskaming,  Que.     (A.M.  1927) 
FREEMAN.  Charles  B..  Sec.-Treas.,  Orchardson  &  Co.,  Ltd.,  .325  Howe  St 

Vancouver,  B.C.     (H)  5379  Elm  St.     (A.M.  1910) 
FREEMAN,  Geo.   Leonard,   B.S.,   (Maine  '03),   Member  of  Firm,   Moran   & 

Proctor,   Cons.    Engrs.,  120   E.  41st  St.,  New    York,  N.Y.     (//)    335    Rich 

Ave.,  Mt.  Vernon,  N.Y.     (M.  1920) 
FREEMAN,  J.  Reginald,  Sr.  Asst.  Engr.,  D.P.W..  Canada,  P  O.  Drawer  1417 

Saint  John,  N.B.     (//)  58  Orange  St.     (S.  1904)      (A.M.  1910)      (.\I.  1918) 
cfFREEMAN,  J.ames  Roy,  B.A.,Sc.,  (Tor.  '12),  Asst.  Engr.,  Chief  Engr.'s  Office 

C.N.R.,  Moncton,  N.B.     (H)  112  Mountain  Rd.     (A.M.  1921) 
FREEMAN,  Philip  A.,  Mech.  Supt.,  Steam  Dept.,  N.S.  Light  and  Power  Co 

Halifax,  N.S.     (H)  8  Fawson  St.     (M.  1915) 
cfFREEMAN,  Robert  P.,  Lieut.,  B.Sc,  (N.S.T.C.  '15).  3  Blueridge  Apts  ,  4155 

Cote  des  Neiges  Rd.,  Montreal,  Que.     (A.M.  1919) 
FREGEAU,  John  Henry,  B.Sc,  (McGill  '10),  Mgr.,  North  Divn.  Comm.  and 

Distribution  Dept.,  Shawinigan  Water  and  Power  Co.,  Three  Rivers,  Que 

(H)  009  Notre  Dame  St.     (A.M.  1928) 
(7.tFRENCH,   Roger  DeL.and,   B.Sc,   C.E.,    (Worcester),   Prof,  of  Highway  and 

Municipal  Engrg.,  McGill  University,Montreal,  Que.,  and  Cons.  Engr.   (H)  450 

Pine  Ave.  W.     (A.M.  191.J)      (M.  1918) 
FRENCH,  Philip  B.,  B.Eng  ,  (McGill  '34),  Sales  Engr.,  Can.  S.K.F.  Co.  Ltd 

1075  Beaver  Hall  Hill,  Montreal,  Que.     (H)  450  Pine  Ave.  W.     (S.  1934) 
cfFRIEDMAN,   Ferdinand  J.,  B.Sc,    (M.I.T.    '08),   McDougall   &   Friedman, 

Cons.  Engrs.,   1221   Osborne  St.,   Montreal,  Que.     (H)   3485  Atwater  Ave. 

(A.M.  1920)     (M.  1923) 

FRIGON,  A.,  D.Sc,  (Paris).  B.Sc,  Dir.  Gen.,  Technical  Education,  Prov. 
Quebec:  Dean,  Ecole  Polytechnique,  1430  St.  Denis  St..  Montreal,  Que. 
(H)  125  Pagnuelo,  Outremont,  Que.  (S.  1907)  (A.M.  1913)  (M.  1931) 
(Member  of  Council,  E.I.C.) 


532 


THE     ENGINEERING     JOURNAL     (List  of  Members) 


FRIGON,  RoBARio,  lt>9  Sherbrooke  St.  K.,  Montreal,  Que.     (!i.  luad) 

FRIPP,   Fred.   Bowles,    101    Alma  St..   Moncton,    N.K.     (A.M.    IKy^)      iU/e 

Member) 
FRISKEN,  O.  J.,  B.Sc,  (Queen's  '29).  Sales  Engr.,  Babcock-Wilcox   &  Goldie 

McCulloch,  Ltd.,  67  Yonge  St.,  Toronto,  Ont      (H)    181^   Bingham  Ave. 

(S.  19m 
FRITH.  Hugh  W..  Chief  Engr.,  Vancouver  Harbour  Coram'rs.,  712  Pender  St. 

W.,   Vancouver,  B.C.     (.H)   5042  Pine  Crescent.     (A.M.  1919)     (M .   19)>r,) 
FRITH,  John  R.,  B.Sc,  (McGill  '27),  Mgr  ,  Empire  Coal  Co.  Ltd  ,  1004  Royal 

Bank  Bldg.,  Toronto,  Ont.     (H)  126  Chaplin  Cres.     (.Jr.  19S0) 
FRIZZLE,  H.  R.,  B.Sc,  (N.S.T.C.  '33),  Berwick,  King's  Co.,  N.S.     (S.  1935) 
FRY,  Albert  Edward,   Mech.  Engr.,   Dom.   Glass  Co.  Ltd.,   Montreal,  Que. 

(//)  37  Dufferin  Rd.,  Hampstead,  Que.     (A.M.  1928) 
FRY,  J.  D.,  B.Sc,  (McGill  '22),  Asst.,  McDougall  &  Friedman,  1221  Osborne 

St.,   Montreal,  Que.     (H)   16  Thornhill  Ave.,  Westmount,  Que      (.S.   1919) 

(Jr.  19-24)     (A.M.  1934) 
FULLER,   Allan   F.    S.,   B.Sc,    (Sask.    '33),    2345    Smith    St.,    Regina,    Sask. 

(Jr.  1934) 
FULLER,  Harold  Paul,  Asst.  Engr.,  C.N.R.,  Box  446,  The  Pas,  Man.     (A.M. 

1919) 
FULLER,  RoYDEN  John,  B.A.Sc,  (Tor.  '12),  Private  Practice,  Str'l.  Engr.,  243 

Confederation  Life  Bldg.,  Toronto,  Ont.     (H)  399  St.  Clements  Ave.    (A.M. 

1921) 
FULLERTON,  Chas.  H.,  (Tor.  '00),  O.L.S.,  D.L.S.,  Surveyor-General  of  On- 
tario, Parliament  Bldgs.,  Toronto,  Ont.     (//)   74   Normandy  Blvd      (A.M. 

1907) 
FULLERTON,  Roland  M  ,  B.Sc,   (N.S.T.C.   '33),  Shawkey  Gold  Mines  Co. 

Ltd.,  Siscoc,  Que.     (//)   108  King  St.,  Truro,  N.S.     (.S.  1931) 
FULTON,  Fraseh  F.,  B.Sc,  (McGill  '28),  Install.  Engr.,  Northern  Electric  Co. 

Ltd.,  1261  Shearer  St.,  Montreal,  Que.     (//)  452  Stanstead  Rd.,  Town  of 

Mt.  Royal,  Que.     (S.  1923)     (A.M.  1934) 
cfFULTON,  William,  Dist.  Engr.,  Reclam.  Br.,  D.P.W.,  Winnipeg,  Man     (H)  148 

Lawndale  Ave.,  Norwood,  Man.     (A.M.  1920) 
cTFULTZ,  Stephen  Lloyd,  B.Sc,   (N.S.T.C.   '20),   Constrn.   Engr.,   N.S.   Power 

Comm.,  Liverpool,  N.S.     (W)  64  Cedar  St.,  Halifax,  N.S.     (S.  1919)    (Jr.  1922) 

(A.M.  1926) 
FURLONG,  Henry  Walter,  B.Sc,  (London  '08),  c/o  Sir  Alexander  Gibb  and 

Partners,  Queen  Anne  Lodge,  Westminster  S.W.I,  London,  England.     (A.M. 

1924) 
FUSEY,  L.  Ernest  F.,  10642  Grande  Allee,  Ahuntsic,  Montreal,  Que.     (A.M. 

1899)     (Life  Member) 
FYFE,  Herbert  Dixon,  (Tor.  '11),  Plant  Engr.,  River  Rd.  Plant,  Semet  Solway 

Co.,  Buffalo,  N.Y.     (//)  15  Tacoma  Ave.     (Jr.  1912)     (A.M.  1920) 
d"FYFE,  Robert  John,  Lieut.,  Mgr.,  R.  J.  Fvfe,  Ltd.,  618  Broder  Bldg  ,  Regina, 

Sask.     (H)  21  Angus  Cres.     (A.M.  1930) 
FYSHE,  Thos.   Maxwell,  B.Sc,   (McGill  '05),  Private  Practice,  Rm.  37,  388 

St.  James  St.  W.,  Montreal,  Que.     (//)  2044  Viewmount  Ave.     (M.  1.98.5) 


GABY,  Frederick  A.,  D.Sc,  B.A.Sc,  M.E.,  (Tor.  '04),  .^sst.  to  the  President, 

C.P.R.,   Rm.   800,   8th   Floor,   Windsor  Station,   Montreal,  Que.     (H)   480 

SpadinaRd.,  Toronto,  Ont.     (M.  1919)     (President,  E.J. C.  1935) 
GAGE,  E.  v.,  B.Sc,  (McGill  '15),  Supt.,  A.  F.  Byers  Co.  Ltd.,  1226  University 

St.,  Montreal,  Que.    (//)  5600  Queen  Mary  Rd.     (S.  1914)      (A.M.  1919) 
GAGE,  Ramsay  Gray,  B.Sc,  (Queen's  '05),  Chief  Elec'l.  Engr.,  C.N.R.,  Rm. 

702,  C.N.  Express  Bldg.,  Montreal,  Que.     (H)  Apt.  14,  2054  Sherbrooke  St. 

W.,  Montreal,  Que.     (M.  1920) 
GAGNON,  Elmore  G.,  B.Sc,   (McGill  '28),  Comm.  Engr.,  Northern  Electric 

Co    Ltd.,  1261  Shearer  St.,  Montreal,  Que.     (H)  1045  Mount  Royal  Blvd., 

Outremont,  Que.     (S.  1925) 
GAGNON,  Ludger,  B.A.Sc,  (Ecole  Polytech.,  Montreal  '27),  S.B.,  (M.I.T.  '28). 

Asst.  City  Engr.,  City  of  Quebec,  Quebec,  Que.     (A.M.  1935) 
GAHAN,  Hugh  N.,  Dftsman.,  P.W.   Dept.  B.C.,  Parliament  Bldgs.,  Victoria. 

B.C.     (H)  265  Moss  St.     (A.M.  1909) 
cfGAHERTY,  Geoffrey  Abbot,  Capt.,  BE.,  (Dalhousie  '09),  Pres.,  Montreal 

Engineering   Co.   Ltd.,   244   St.   James   St.   W.,    Montreal,   Que.     (H)    3957 

Ramezay  Ave.     (A.M.  1921)     (M.  1934) 
GALE,  Alfred  Valiant,  Vice-Pres.  and  Gen.  Mgr.,  Hull  Electric  Co.  Ltd  , 

117  Main  St.,  Hull,  Que,  and  Gatineau  Bus  Co.      (H)  15  Slater  St.,  Ottawa, 

Ont.     (A.M.  1916) 
GALE,   George  Gordon,   M.Sc,    (McGill  '05),   Pres.,   Gatineau  Power  Co, 

140  Wellington  St.,  P.O.  Box  657,  Ottawa,  Ont.     (H)  385  Laurier  Ave.  E. 

(A.M.  1908)      (M.  1916) 
GALE,    Melvin   Lambeth,   B.Sc,    (Alta.    '27),   Assessor,   Dept.    of   Municipal 

Affairs,  Alta.     (H)  9914-nith  St.,  Edmonton,  Alta.     (A.M.  1935) 
GALEA,  Arthur  Fred.,  Arch,  and  L.S.,  114  Strada  Santa  Lucia,  Valletta,  Malta 

(A.M.  1921) 
GALILEE,  J.  A.  M.,  Asst.  .\dv.  Mgr.,  Can.  Westiughouse  Co  ,  Hamilton.  Ont. 

(H)  5  Rockwood  Place.     (Affil.  1930) 
GALLER,  Leo,  C.E.,  (Vienna  '17),  Constrn.  Supt.,  The  Atlas  Construction  Co., 

Ltd.,  679  Belmont  St.,  Montreal,  Que.     (H)  5209  Ponsard  Ave.     (A.M.  1927) 
GALLETLY,    Jas.     Simpson,     B.A.Sc,      (Tor.   '11),    D.L.S.,     Engr.,    R.   H. 

McGregor  Construction  Co.,  280  Sammon  Ave.,  Toronto  6,  Ont.     (H)  107-27th 

St.,  Long  Branch,  Ont.     (A.M.  1918) 
cfGAMBLE,  Clarke  William,  Lieut.,  B.Sc,  (McGill  '07),  Cons.  Engr.,  Union 

Club,  Victoria,  B.C.  (H)  R.M.D.  1,  Saanichton,  V.I.,  B.C.    (S.  1906)    (A.M 

1909)      (M.  1928) 

GAMBLE,  Samuel  Gill,   (R.M.C.   Kingston  '32),  B.Eng.,   (McGill  '33),  269 

Somerset  St.  W.,  Ottawa,  Ont.     (S.  1933) 
GARDNER,  Albert  Ch.\s.,  Dist.    Engr.,  D.P.W.,  Parliament  Bldgs..  Court 

House,  Medicine  Hat,  Alta.     (A.M.  1922) 
cTGARDNER,  Wm.  McG  ,B.Sc.,  (McGill  '17),  Supt.,  Constrn.  and  Mtce.,  Montreal 

Tramways  Co.,  Tramways  Bldg.,  159  Craig  St.  W.,  Montreal,  Que.     (H)  313 

GrosvenorAve.,  Westmount,  Que.     (S.  1916)     (Jr.  1919)     (A.M.  1923) 
GAREY,  John  Dennis,  Chief  Engr.,  N.B.  Power  Co.,  Saint  John,  N.B.     (H)  401 

Douglas  Ave     (A.M.  1924) 
d"GARNER,    Albert    Coleman,    Col.,    D.S.O.,   V.D.,    D.L.S.,   S.L.S.,  A.L.S., 

Chief   Surveyor,   Prov.   Sask.,   Land   Title  Office,  Regina,   Sask.     (H)    2133 

Cameron  St.     (S.  1094)     (A.M.  1908)     (M.  1916) 
cTGARNETT,  Chas.  Ernest,  Lieut.,  Vice-Pres.,  Gorman's  Ltd.,  Box  369,  Edmon- 
ton, Alta.     (//)  10344-132nd  St.     (A.M.  19.it) 
GARRETT,  Julian,  A.B.,  (Harvard  '04),  Mgr.  and  Seo.-Treas.,  Northwestern 

Utilities   Ltd.,    10124-104th   St.,    Edmonton,   Alta.     (H)    10408   Park    Rd. 

{A.M.  1907)     (M.  19SB) 


ci"GARRETT,  R.  W.,  Capt.,  Asst.  City  Engr.,  City  of  London,  City  Hall,  London, 

Ont.     (H)  77  Thornton  Ave.     (A.M.  1923) 
GARVOCK,  Alex.  Graham,  B.Eng.,  (McGill  '33),  136  Lewis  St.,  Ottawa,  Ont 

(S.  1933) 
G.\SKILL,  Frank,  .Sales  Engr.,  Industrial  Engineering  Co.,  58  Wellington  St 

E.,  Toronto,  Ont.      (A.M.  1908) 
GATES,  .i^RCHiE  B.,  B.Sc,  (Queen's  '11),  Gen.  Engr.,  Can  Gen.  Elec  Co.,  Peter- 
borough, Ont.     (//)  307  Margaret  Ave.     (A.M.  1919) 
GATES,  Grant  Gordon,  Constrn.  Engr.,  Steel  Co,  of  Canada,  Ltd  ,  Hamilton, 

Ont.     (H)  198  Fairleigh  Ave.  S.      (Jr.  1922) 
GATHERCOLE,  John  Wm.,  B.Sc,  (Queen's  '27),  Steam  Plant  Engr.,  Price  Bros 

&  Co.  Ltd.,  Box  103,  Kenogami,  Que.      (S.  1927)     (Jr.  1931) 
GAUDEFROY,  Henri,  B.A.Sc.  (Ecole  Polytech.  Montreal  '33),  S.B.,  (M.I.T 

•34),  Elec.  Engr.,  Bell  Telephone  Co.  of  Canada.  1050  Beaver  Hall  Hill,  Mont- 
real, Que.     (H)  4590  Hutchison  St.     (Jr.  1934) 
cfGAUDET.    Frederick   Mondelet,   Col.,   C.M.G.,    (R.M.C.   Kingston),    1455 

Drummond  St.,  Montreal,  Que.      (M.  1903) 
GAUER,  Edward,   B.Sc,   (Man.   '26),   Asst.   Locating  Engr.,  Good  Rds.   Bd., 

Winnipeg,  Man.     (H)  275  Evanson  St.     (S.  1924) 
GAUTHIER,  Paul  Gilles,  B.Sc,    (McGill  '21),   Q.L.S.,  660   de   I'Epee   Ave  , 

Outremont,    Que.     (S.  1019)     (Jr.  1922)     (A.M.  1928) 
GAUVIN,  Herv^,  A.,  B.Sc,  (Sask.  '22),  B.Sc,  (McGill  '26),  Divn.  Engr.,  Prov. 

Dept.  of  Roads,  L'Assomption,  Que.     (S.  1925)     (Jr.  1928) 
cfGAYFER,  Arthur  John,  Major,  C.N.R.     (//)  9917-108th  St.,  Edmonton,  Alta. 

(A.M.  190.5)     (M.  1916) 
GAYFER,  Edwin  Ralph,  B.Sc,  (Man.  '33),  9917-108th  St.,  Edmonton,  Alta. 

(.S.  1934) 
d'GEALE,  Chas.  Norman,  Capt.,  B.A.Sc,  (Tor.  '15),  Asst.  Supt.,  Southern  Divn  , 

Welland  Ship  Canai,  Port  Colborne,  Ont.     (S.  1915)     (A.M.  1930) 

GEIGER,  D.  G.,  B.Sc,  (Queen's  '22),  Trans.  Engr.,  W.A.,  BellTelephone  Co.,of 

Canada,  Canada  Permanent  Bldg.,  Toronto,  Ont.     (H)  27  Austin  Terrace. 

(S.  1922)      (A.M.  1928) 
GELDARD,  P.  W.,  B.A.Sc,  (Tor.  '29).  Supt.,  Street  Dept.,  Consumers  Gas  Co., 

19  Toronto  St.,  Toronto,  Ont.,     (^  93  Boon  Ave.     (Jr.  1928)     (A.M.  1932) 
GENDERS,   Percy   Robert,   Examiner,  Surveys  Branch,   Land  Titles  Office. 

Regina,  Sask.     (//)  2243  Albert  St.     (A.M.  1917) 

GENIK,  Alex,  B.Sc,  (Man. '27),  Asst.  Engr.,  The  Bell  Telephone  Co.  of  Canada, 

Toronto,  Ont.      (H)  69  High  Park  Blvd.     (S.  1927) 
GENTLES,  Allan  Summerhayes,  B.Sc,  (McGill  '14),  Mgr.,  Pacific  Divn.,  Dom. 

Bridge  Co.  Ltd  ,  275  First  Ave.  W.,  Vancouver,  B.C.     (H)  Caulfield  P.O.,  W. 

Vancouver,  B.C.      (M.  1930) 
GERIN,  Maurice,  B.Sc,  (Montreal  '20),  M.Sc,  (M.I.T.  '21),  Dept.  Mgr.,  Can. 

Fairbanks-Morse  Co.,  980  St.  Antoine  St.,  Montreal,  Que.     (H)  5569  Darling- 
ton Ave.      (Jr.  1923)      (A.M.  1932) 
d^GERMAN,  Alan  Macdonnell,  Capt.,  B.A.Sc,  (Tor.  '14),  Asst.  Mgr.  and  Gen. 

Supt.,  Can.  Dredging  Co.  Ltd.,  302  Harbour  Commission  Bldg.,  Toronto,  Ont. 

(M.  1934) 
cTGEROW,  Cahlyle,  B.Sc,  (Queen's  '22),  Asst.  Gen.  Mgr.,  Coal  Sales,  Dom.  Steel 

and  Coal  Corp.,  Ltd.,  624  Canada  Cement  Bldg.,  Montreal,  (Jue.     (H)  4384 

Coolbrook  Ave.     (A.M.  1931) 
GERSOVITZ,  Frank,  B.Eng.,  (McGill  '32).  457  Argyle  Ave.,  Westmount,  Que 

(S.  1930) 
cfGIBB,  Sir  Alexander,  G.B.E.,  C.B.,  Chartered  C.E.,  Sir  Alexander  Gibb  & 

Partners,  Queen  Anne's  Lodge,  Westminster,  London,  S.W,  1,  England.     (H) 

Tangier  Park,  nr.  Basingstoke,  Hants.     (M.  1932) 
cfGIBB,  Hugh  M.,  Major,  Balfour  Beatty   &  Co.  Ltd.,  66  Queen  St.,  London, 

E.C.4.     (//)  49  Watling  St.,  London,  E.C.4.     (A.M.  1910) 
GIBB,  Robert  J.,    .A^st.  City  Engr    and  Supt.  Waterworks,  Edmonton,  Alta. 

(i/)  9837-93rd  Ave.,  Edmonton  South,  Alta.     (A.M.  1910)     (M.  1914) 
GIBBON,  H.  S.  v.,  Fid.  Engr.,  The  Bell  Telephone  Co.  of  Canada,  335  Catherine 

St.,  Ottawa,  Ont.     (H)  947  Bronson  Ave.     (Jr.  1927) 
GIBBONS,  Jas.  Fenton,  B.Sc,  (N.B.  '35),  Kingston  Peninsula  Telephone  Co., 

Baywater,  N.B.     (S.  1935) 
GIBBS,  C.  R.,  B.Sc,  (McGill  '16),  Supt.  of  Mtce.,  Kalamazoo  Vegetable  Parch- 
ment Co.,   Parchment,   Mich.     (H)   295  Glendale  Blvd      (S.   1914)     (A.M. 

1927) 
GIBEAU,  Henri  .\delahd,  C.E.,   (Renss.  '08),  Asst.  Director,  P.W.,  City  of 

Montreal,  Que.     (H)  2350  Sherbrooke  St.  E.     (A.M.  1915) 
GIBSON,  Alfred,  B.A.Sc,  (Tor.  '03),  Kilmer  &  Barber,  10  Adelaide  St.  E., 

Toronto,  Ont.     (A.M.  1906) 
cfGIBSON,  John  McL,  Lt.-Col.,    D.S.O.,   B.A.Sc,    (Tor.  '10),  Private  Practice 

(Str'l),  154  Wright  Ave.,  Toronto,  Ont.     (Jr.  1914)     (A.M.  1919) 
tGIBSON,  Norman  R.,  D.Eng..  B  A.Sc,  (Tor.  '04),  Vice-Pres.  and  Chief  Engr., 

Buffalo,  Niagara  &  Eastern  Power  Corp.,  600  Electric  Bldg.,  Buffalo,  N.Y. 

(H)  Mountain  View  Drive,  Lewiston  Heights,  Lewiston,  N.Y.     (A.M.  1907) 

(M.  1921) 
d'GIFFORD,  F.  Darrell,  Major,  M.C.,  Res.  Engr.,  Dept.  of  Northern  Develop- 
ment, New  Liskeard,  Ont.     (Jr.  1922)      (A.M.  1927) 
rfTiILBERT,  Edgar  V.,  B.Sc,  (McGill  '23),  263  Holmwood  .\ve.,  Ottawa,  Ont. 

(S.  1920)      (Jr.  1924)      (A.M.  1928) 
cfGILBERT,  Gordon  McD.,B.Sc.,  (Man.  '26),  A/Engr.  and  Supt.,  Vancouver  and 

District  Joint  Sewerage  and  Drainage  Bd.,  1204  Bekins  Bldg.,  Vancouver,  B.C. 

(A.M.  1934)      (M.  193.5)     (Sec.-Treas..  Vancoiirer  Br.,  E.I.C.) 
GILCHRIST,  .John,  B.Sc,  (N  B  '.32),  General  Steel  Wares,  Delisle. St.,  Montreal, 

Que.     (//)  6  Weredale  Park,  Westmount,  Que.     (Jr.  1934) 
GILCHRIST.  T.  E.,  B.Sc,  ( McGill '  10) ,  Works  Engrg.  Dept. ,  Can.  Gen.  Elec.  Co., 

Peterborough,  Ont.     (H)  317  Elias  .A.ve.     (A.M.  1919) 
GILDEA,  W.  F.  P.,  Brownville  Jet.,  Maine,  U.S.A.      (.S.  19.1.5) 
GILES,  B.  H.  D.,  B.Sc,  (McGill  '27).  Can.  S.K.F.  Co.  Ltd  ,   1101    Beaver   Hall 

Hill,  Montreal,  Que.     (Jr.  1929) 
cJ'GILI,,  L.  W.,  Lt.-Col.,  M.Sc,  Principal,  Hamilton  Technical  Institute,  Hamilton, 

Ont.     (//)  Waterdown,  Ont.      (A.M.  1901)      (M.  1912) 
GILLETT,  Geo.  Herbert,  B.Sc,  (McGill  '21),  Sales  Engr.,  Can.  Gen.  Elec.  Co. 

Ltd,.  Beaver  Hall  Hill,  Montreal,  Que.     (H)  4720  Westmount  Blvd.,  West- 
mount,  Que.     (S.  1924) 
GILLETZ,  Colly,  5206  Trans  Island  Ave.,  Montreal,  Que.     (S.  1924) 

GILMORE,  Ross  Earlby,  B.A.,  M.A.,  (McMaster  '13),  M.Sc,  (Illinois  '16), 
Supt.,  Fuel  Research  Lab.,  ISIines  Branch,  Dept.  of  Mines,  562  Booth  St., 
Ottawa,  Ont.      (H)  334  First  Ave.      (M.  1926) 

GILMOUR,  W.  A.  T.,  B.Sc,  (McGiir26),  Sales  Engr.,  Smart-Turner  Machine  Co. 
Ltd.,  Hamilton,  Ont.      (H)  49  St  James  Place.     (S.  1924)     (Jr.  1930) 

GIRDWOOD,  Arthur  J.,  B.A.Sc,  (Tor.  '.34),  Engr.,  Can  Gen.  Elec.  Co.  Ltd.. 
Peterborough,  Ont.     (//)  551  King  St.     (S.  1931) 


THE     ENGINEERING     JOURNAL    (List  of  Members) 


533 


GISBORNE,    Hartley,    288    K.    a^rd    Ave.,    Vancouver,    B.C.     (A.M.    inttr) 

(M.  1892)     (Life  Member) 
GISBORNE,  Lionel  L.,  B.Sc,  (MoGill  '99),  Works  Supt.,  Niagara  Parks  Comm., 
Queen   Victoria   Park,   Niagara  Falls.  Gut.     (//)    1811    Prince  Edward   Ave. 
(A.M.  l!)U)) 
Cil.IDDON,  W.  G.  C,  B.Sc,   (McCJill  '21),   M.Sc,  '22,  Chief  Engr.,  Gatineau 
Power  Co..  Ottawa,  Ont.     (//)  4:30  Nelson  St.     (A.M.  19S0) 
cfCiLOVER,  Thos.  Stanley,   Lieut.,   M.C.,   B.A.Sc,   (Tor.  '22),  Account  Exec, 
Indust.  Adv.,  Russell  T.  Kelley  Ltd.  (Advertising),  150  Main  St.  E.,  Hamilton, 
Ont.      (//)  23  Homewood  Ave.      (S.I!)14)      (Jr.  IBSii)      (A.M.  1026) 
cTGNAEDINGER,  F.  Theo.,   Lieut.,  M.M.,  B..Sc.,  (McGill  '12),  Str'l.   Designer, 
T.  Pringlp  &  Son,  Ltd.,  420  Coristine  Bldg.,  Montreal,  Que.     (//)  Apt.  5,  222 
Melville  Ave.,  Westmount,  Que.     (-S.  1911)     (Jr.  1910)     (A.M.  192J) 
cfGOBY,  Thomas,  B.Sc,   (Tri-State  '25),    Sales  Engr.   (Arnico  Culvert),  W.   (^ 
O'Neall  Co.,  Crawfordsville,   Ind.     (//)   923  E.   Hunter,  Bloomington,   Ind. 
(S.  1921)     (Jr.  1931)      (A.M.  1934) 
GODDARD,  RoLPHE,  Elgin,  Albert  Co.,  N.B.     (S.  1931) 
GODDEN,  Chas.  J.,  55  Cochrane  St.,  St.  John's,  Nfld.     (S.  1936) 
cfGODSON,  Reginald  Gilbert,  Capt.,  Private  Practice,  28  Summerhill  Gardens, 
Toronto,  Ont.     (A.M.  1936) 
GODWIN,  Harold  B.,  B.Sc,  (McGill  '28),  Flt.-Lt.,  R.C.A.F.,  Camp   Borden, 

Ont.     (S.  1926) 
GOEDIKE,  Frederick  B.,  B.Sc,  (Queen's  '10),  578-A  Indian  Rd.,  Toronto  9, 

Ont.      (S.  1910)      (A.M.  1913) 
GOHIER,  Ja3.  A.  E.,  B.Sc,  (McGill  '13),  D.L.S.,  Cons.  Engr.,  10  St.  James  St. 

E.,  Montreal,  Que.     (//)  821  Wilder  Ave.,  Outremont,  Que.     (M.  1934) 
GOLD,  Wm.  John,  B.Sc,  (Alta.'33),  11208-126th  St.,  Edmonton,  Alta.      (S.  1933) 
GOLDMAN,    Hyman   A.,   C.E.,    (Valparaiso   '12),   Apt.   2,    1125   Lajoie   Ave., 

Outremont,  Que.     (Jr.  1915)      (A.M.  1918) 
GOODALL,  E.  Lorne,  B.Sc,  (McGill  '24),  Res  Engr.,  Provincial  Paper  Ltd., 
Port  Arthur,  Ont.    (H)  18  Winnipeg  Ave.    (S.  1924)    (Jr.  1929)    (A.M.  1934) 
cfGOODCHILD,  Ralph  Henry,  Lieut.,  Engr.,  Dom.  Water  Power  Br.,  Calgary, 

Alta.     (H)  3817-7A  St.  W.     (A.M.  1920) 
cTGOODMAN,  H.  Meyer,  B.A.Sc,  (Tor.),  Imperial  Bank  Bldg.,  171  Yonge  St.. 
Toronto,  Ont.      (Jr.  1916)     (A.M.  1917) 
GOODMAN,  J.E.,  B.Sc,  (Queen's  '31),  County  Rd.  Engr.,  County  of  Frontenac, 
Court  House,  Kingston,  Ont.     (H)  142  Albert  St.     (Jr.  1931)     (A.M.  1934) 
d'tGOODRICH,  Chauncey  M.,  Major,  M.A.,  C.E.,  (Vermont),  A.M.,  (Harvard), 
Chief  Engr.,  Can.  Bridge  Co.,  Ltd.,  Walkerville,  Ont.    (H)  30  Moy  Ave.,  Wind- 
sor, Ont.     (A.M.  190?)     (M.  1916) 
GOODSPEED,  Frederic  G.,  M.A.,  B.Sc,   (N.B.    '04),    Dist.    Engr.,    D.P.W. 
Canada  Customs  Bldg.,  Winnipeg,  Man.     (//)  83  Canora  St.    (A.M.  1909) 
(M.  1918)     (Member  of  Council,  E.I.C.) 
GOODSPEED,  Herbert  N.,  B.Sc,   (N.B.   '34),  745  George  St.,  Fredericton, 
N.B.     (S  1934) 
cfGOODWIN,  Edward  Arthur,  Major,  Sales  Engr.,  Griswold   &  Co.  Ltd.,  407 

McGill  St.,  Montreal,  Que.     (//)  3.539  Lacombe  Ave.     (A.M.  1934) 
cfGOODWIN,   Leo   Frank,   Lt.-Col.,   Ph.D.,    (A.C.G.I.),   Prof.   Chem.   Engrg., 
Queen's    University,    Kingston,    Ont.     (H)    311    King    ,St.    W.     (M.    1922) 
(Member  of  Council,  E.I.C.) 
GORDON,  Arthur  I.  E.,  B.A.ScCi.,  (B.C.  '27),  B.A.Sc,   Geol.   '35,   Premier 
Gold  Mining  Co.,  Premier,  B.C.     (H)  531-IOth  Ave.  W.,  Vancouver,  B.C. 
(S.  1927)      (Jr.  1932) 
GORDON,  Chas.  Howard,  B.Sc,  (McGill  '24),  (R.M.C.  Kingston  "22),  Vice- 
Pres.,  The  Atlas  Construction  Co.,  679  Belmont  St.,  Montreal,  Que.     (H)  Car- 
tierville.  Que.     (Jr.  1926)     (A.M.  1931) 
GORDON,  H.  C.  M.,  B.Sc,  (MoGill  '23),  Asst.  Mining  Engr.,  Acadia  Coal  Co. 

Ltd.,  Stellarton,  N.S.      (Jr.  1924) 
GORDON,  Hugh  John,  B.Eng.,  (McGill  '33),  Dftsman,  C.P.R.,  Montreal,  Que. 
(S  1933) 
cJ'GORDON,  Jas.  Lindsay,  Brigadier,  D.F.C.,  D.O.C.,  M.D.  No.  10,  Fort  Osborne 
Barracks,  Winnipeg,  Man.      (H)  241  Oxford  St.     (A.M.  1924) 
GORDON,  James  MacKendrick,  Sales  Mgr.,  The  Warren  Bituminous  Paving 
Co.,  388  University  Ave.,  Toronto,  Ont.     (H)  29  Woodlawn  Ave.  W.     (Jr. 
1918)     (A.M.  1919) 
GORDON,  James  P.,  (Tor.  '04),  Sidewalk  Engr.,  City  of  Hamilton      (H)  133 

Hyde  Park  Ave.,  Hamilton,  Ont.      (S.  1907)     (A.M.  1913) 
GORDON,  John,  Elect.  Engr.,  C.N.R.,  Union  Sta.,  Winnipeg,  Man.     (H)  252 

Niagara  St.     (A.M.  1920) 
GORDON,  John  Edward,  113  King  St.  W.,  Dundas,  Ont.     (S.  1936) 
GORMAN,  David  Donald,  B.Sc,   (N.B.  '34),   188  O'Dell  Ave,  Fredericton, 

N.B.     (S.  1934) 
GOUGH,  R.  W.,  B.  Sc,  (N.B.,  '26  and  '32),  63  Shore  St.,  Fredericton,  N.B.  (S.1926) 
GRAHAM,  Albert  Lloyd.  B.A.Sc,  (Tor.  '31),  Eastern  Power  Devices,  Ltd., 
1244  Dufferin  St.,  Toronto,  Ont.     (H)  1578  King  St.  W.      (S.  1932) 
cTGRAHAM,  Andrew  Geo.,  (R.T.C  ,  Glasgow),  City  Engr.,  City  Hall,  Nanaimo, 
B.C.     (H)  315  Kennedy  St.     (A.M.  1919) 
GRAHAM,  Chas.  Allison,  B.Eng.,  (McGill  '34),  Chesterville,  Ont.     (S.  1934) 
GRAHAM,   Frank  Charles,   Asst.   City  Engr.,   Port  Arthur,  Ont.     (H)    157 

College  St.     (A.M.  1921) 
GRAHAM,  Walter  White,  B  Sc,  (McGill  '25),  Elec  Engr.,  Shawinigan  En- 
gineering Co.,   Power  Bldg.,   Montreal,  Que.     (H)    5746   Charlemagne   Ave. 
(S.  1923)   (Jr.     1928)     (A.M.  1936) 
GRAHAME,  Dallas  F.,  B.Sc,  (McGill  '10),  Chief  Engr.,  Atwood  Ltd.,  660  St. 
Catherine  St.  W.,  Montreal,  Que.     (H)  532  Grosvenor  Ave,  Westmount,  Que. 
(A.M.  1925) 
GRANDMONT,    Bruno,    B.A.Sc.    C.E.,    Dist.    Engr.,    Dept.    P.W.,    Canada. 
Box  160,  P.O.  Bldg.,  Three  Rivers,  P.Q.     (S.  1913)      (A.M.  1917)     (Member 
of  Council,  E.I.C.) 
cfGRANGE,  Edward  Rochfort,  Flt.-Cmdr.,  D.S.C.,  C.  de  G.,  B.A.Sc,  (Tor.  '15), 
Vice-Pres.,  Delamere  &  Williams,  Ltd.;  Pres.,  Delamere,  Williams,  Grange, 
Ltd.;   Sec-Treas.,   Vacu-Draft,    Ltd.,    18-32    Hook   Ave.,    Toronto    2,    Ont. 
(H)  34  Chicora  Ave.     (S.  1914)     (A.M.  1922) 
GRANSAULL,  L.  R.,  Land  Surveyor,  St.  Joseph,  Trinidad,  B.W.I.     (.S.  1905) 

(A.M.  1911) 
GRANSAULL,  Paul  R.,  Rd.  Officer,  Tacariqua  Local  Rd.  Bd.,  Tunapuna,  Trini- 
dad, B.W.I.     (H)  St.  Joseph.     (S.1906)      (A.M.  1911) 
GRANT,  Alex.  Geo.,  B.A.Sc,  (Tor.  '27),  54  Golfdale  Rd.,  Toronto  12,  Ont. 
(S  1927)     (Jr.  1930) 
K.GRANT,  A.  J..  16  Hillcrest  Ave.,  St.  Catharines,  Ont.    (A.M.  1891)    (M.  1901) 
(Past  President) 
GRANT,  Alex.  J.,  Jr.,  B.Sc.  (McGill  '29).  2243  Grand  Blvd.,  Montreal,  Que. 
(S.  1926)     (Jr.  1931) 


(jRANT,  Clifford  Gordon,  N.B.L.S.,  Res  Engr..  Dept.  of  Highways,  hrederio- 

ton,  N.B.     (A.M.  1920) 
(il{.\NT,  Donald  Seapield,  .Supt.,  Eugene  F.  Phillips  Electrical  Works  Ltd., 
P.O.  Box  729,  5795  de  Gaspe  Ave.,  Montreal,  Que.     (//)  Apt.  4,  1120  Bernard 
Ave.  W.     (.S.  1930) 
GRANT,  Eric,  3645  Jeanne  Mance  St.,  Montreal,  Que.     (Jr.  1936) 
GRANT,  Gordon,  334  Russell  Hill  Rd.,  Toronto  5,  Ont.   (A.M.  1808)   (M.  1906) 
(Life  Member) 
cfGRANT,  John  R.,  Major,  M.C,  B.Sc,  (Queen's  '04),  Cons.  Engr.,  1202  Bekins 
Bldg.,  Vancouver,  B.C.     (H)  2960  W.  44th  Ave.     (.S'.   1903)     (A.M.  1911) 
(M.  1914) 
GRANT,  Joseph  A.,  475  Argyle  Ave.,  Westmount,  Que.     (A.M.  1907) 
GRANT,  Lawford  Stanley  Foster,  Pres.  and  Man.  Dir.,  Eugene  F.  Phillips 
Electrical  Works,  Ltd.,  Montreal,  Que.     (//)  593  St.  Joseph  St..  Lachine,  Que. 
(A.M.  1912) 
o^GRANT,  LeRoy  Eraser,  Major,  (R.M.C.  Kingston  '05),  B.Sc,  (Queen's  '25). 
B.C.L.S..  Assoc.  Prof,  of  Engrg.,    Royal   Military   College,   Kingston,   Ont. 
(«)83GoreSt.      (S.  1908)     (A.M.  1913)     (M.  1927)     (Sec-Treas.,  Kingston 
Br.,  E.I.C.) 
GRANT,  Wilfrid  J.,  B.A.Sc,  (Tor.  '22),  Hamilton  Trust  Bldg.,  57  Queen  St.  W., 
Toronto,  Ont.     (H)  102  Pemberton  Ave.,  Willowdale,  Ont.     (S.  1931)     (Jr. 
1931) 
GRANVILLE,  Francis  X.,  B.Sc.  (N.S.T.C.  '34),  111  South  Park  St.,  Halifax, 

N.S.     (S.   1930) 
GRATTON,  Alphonse,  B.A.Sc,  (Ecole  Polytech.  Montreal  '12),  Q.L.S.,  Dist. 
Engr.,    Quebec    Roads    Dept.,    Parliament   BIdgs.,    Quebec,    Que.;   Prof  of 
Highway  Engrg.,  University  of  Montreal.     (H)  Apt.  6,  84  St.  Louis  Rd..  Que- 
bec. Que.     (M.  1936) 
GRAV,  BjARNE,  M.E.,  (Oslo.  '13),  Mill  Engr.,  Can.  International  Paper  Co., 

P.O.  Box  32,  Temiskaming,  Que.     (A.M.  1927) 
GRAVEL,   Arthur  L.,  B.Sc,   (McGill  '24),   Bell  Telephone  Co.  of  Canada, 

Montreal,  Que.     (//)  3491  Atwater  Ave.     (Jr.  1929) 
GRAVEL,  L.  P.,  B.Sc,  (Ecole  Polytech.  Montreal  '27),  Dept.  P.W.,  Parliament 
Bldgs.,    Quebec,    Que.     (H)    498    Royale   Ave.,    Beauport,    Que.      (S.    1923) 
(Jr.  1932) 
GRAY,  Alexander,  Chief  Engr.  and  Gen.  Mgr..  Saint  John  Harbour  Commrs., 
P.O.    Box    1393,    Saint    John,    N.B.       (H)    28    Garden    St,       (A.M.    1907) 
(M.  1916)     (Vice-President,  E.I.C.) 
cfGRAY,  Andrew  Jack,  Lieut.,  B.A.Sc,  (Tor.  '13),  Mech.  Engr.,  Marine  Iron 
Wks.,  515  Pembroke  St.,  Victoria,  B.C.     (H)  1066  St.  Patrick  St.     (A.M.  1919) 
GRAY,  Donald  .4.,  B.Sc.  (McGill  '25),  Sales  Engr.,  English  Electric  Co.  of 
Canada  Ltd..  Montreal,  Que.     (//)  4862  Melrose  Ave.,  N.D.G.     (S.  1924) 
cTGRAY-DONALD,  E.  D.,  B..Sc„  (McGill  '26),  M.Sc,  (Laval  '34),  Supt.,  Power 
Divn,  Quebec  Power  Co.,  Quebec,  Que.    (.?/)  12  St.  Denis  Ave.    (S.  1922)    (Jr. 
1926)     (A.M.  1934) 
GRAY,  Fr  iNcis  Wm.,  Asst.  Gen.  Mgr.,  Dom.  Steel  and  Coal  Corp..  Sydney.  N.S. 

(A.M.  1921)     (M.  1924) 
GRAY.  John  Hamilton,  R.M.D.I.,  Albert  Head,  V.I.,  B.C.     (M.  1906) 
GRAY,  Reg.  Arthur  Geo.,  Asst.  Engr.,  Chief  Elec.  Engr.'s  Office,  C.N.R.,  Rm. 
905,   355    McGill   St.,    Montreal,    Que.     (H)    55-56th    Ave.,    Lachine,    Que. 
(Jr.  1930) 
d'GRAY,  Samuel  Wilson,  B.Sc,  (N.S.T.C.  '14),  Asst.   Hydr.  Engr.,  N.S.  Power 
Comm.,Bankof  N.S.  Bldg..  Halifax,  N.S.     (ff)  4  Waterloo  St.     (A.M.  1920) 
GREEN,  F.  C,  B.A.,  (N.B.),  D.L.S.,  B.C.L.S.,  Surveyor  General  of  Prov.  of  B.C., 
Parliament  Bldgs.,  Victoria,  B.C.     (H)  347  Foul  Bay.Rd.     (M.  1914) 
d'GREEN,  F.  Gordon,  B.Sc,  (McGill  '21),  Assoc.  Research  Chem.,  National  Re- 
search Council,  Ottawa,  Ont.     (H)  Apt.  502,  404  Laurier  Ave.  E.     (S.  1920) 
(Jr.  192.lt)      (A.M.  1929) 
GREEN,  John  S.,  B.A.Sc,  (Tor.  '34),  Box  96,  Hagersville,  Ont.     (S.  1931) 
GREEN,  Leonard,  Sales  Engr.,  Calgary  Br.,   Crane  Ltd.,  Calgary,   Alta. 

(H)  535-12th  Ave.  N.E.     (A.M.  1923) 
GREENBERG,  Louis,  B.Sc,  (McGill  '93),  Engr.  and  Contractor,  7  E.  42nd  St., 

New  York,  N.Y.     (H)  123  W.  47th  St.     (S.  1892)     (A.M.  1899) 
GREENE,  Godfrey  Benninq,  R.C  M.P  ,  Regina,  Sask.   •(//)  26  Russell  Ave.. 

Ottawa,  Ont.     (S.  1933) 
GREENE,  John  F.,  B.A.,  (M.I.T.),  Ford,  Bacon  &  Davis,  Inc.,  39  Broadway, 
New  York,  N.Y.     (H)  63  Watchung  Ave.,  Montclair,  N.J.      (A.M.  1918) 
(M.  1919) 
d  tGREENE,  Philip  Weston,  Capt.,  B.A.Sc,  (Tor.  '09),  D.L.S.,  Sales  Engr.,  United 
States  Steel  Products  Co.,  30  Church  St.,  New  York,  N.Y.     (H)  317  Lenox 
Ave.,  South  Orange,  N.J.     (S.  1908)      (A.M.  1912) 
GREENWOOD,  F.  D.,  B.Sc,  (Queen's  '31),  Mech.  Dept.,  HoUinger  Cons.  Gold 
Mines  Ltd.,  Box  2400,  Timmins,  Ont.     (H)  New  Liskeard,  Ont.     (S.  1928) 
(Jr.  1935) 
GREGOIRE,  Armand  E,  B.A.Sc.  (Ecole  Polytech.  Montreal  '35).  6349  St.  Denis 
St..  Montreal,  Que.     (S.  1936) 
cTGREGORY,  Alex.  Watson,  Capt.,  M.C  ,  Asst.  Engr..  Dept.  P.W..  N.S.,  Cunard 
Bldg.,  Halifax,  N.S.      (Jr.  1912)      (A.M.  1919) 
GREGORY,  J.  H.,  B.Eng.,  (McGill  '34),  Engr.,  Can.  Blower  and  Forge  Co.  Ltd.. 

Kitchener,  Ont.     (H)  Y.M.C.A.,  Kitchener,  Ont.     (S.  1933) 
GREGORY,  H.  A.  F.,  B.A.,  (Bishop's  '23),  B.Sc,  (McGill  '27),  Wayagaraack 

Divn.,  Cons.  Paper  Corp.,  Three  Rivers,  Que.     (S.  1926)     (Jr.  1931) 
GREGORY,  P.  S.,  B.A.,  B.A.Sc,  (McGill'll),  Asst.  Gen.  Mgr.,  The  Shawinigan 
Water  &  Power  Co.,  Montreal,  Que.     (H)  4081  Highland  Ave.     (A.M.  1920) 
(M.  1925) 
GREIG,  Alex.  R.,  B.Sc,  (McGill  '95),  Prof.,  Mech.  Engrg  ,  University  of  Sask- 
atchewan, Saskatoon,  Sask.     (S.  1895)     (A.M.  1.909)     (M.  1919) 
GREIG,  J.  M.  M.,  (R.T.C.  Glasgow),  Designer,  Sanborn  &  Bogert,  30  Church  St., 
New   York,   N.Y.     (H)    101    Fairview   Ave.,   Port   Washington,    L.I.,    N.Y. 
(A.M.  1913) 
GREIG,  Wm.  B.,  Asst.  Engr.,  City  of  Vancouver,  City  Hall,  Vancouver,  B.C. 

(H)  5874  Larch  St.     (A.M.  1911) 
GRENON,  John  F.,  B.A.,  (Laval),  Cons.  Engr.;  Chief  Engr.,  Quebec  &  Chibou- 
gamau  RIy.  Co.,  Rue  Racine,  Chicoutirai,  Que.     (H)  Blvd.  Riviere  du  Moulin. 
(S.  1907)     (A.M.  1909) 

cTGRENZEBACH,  Sylvester  Leslie,  B.A.Sc,  (Tor.  '24),  Design.  Engr.,  Toronto 
Hydro-Electric  System,  Toronto,  Ont.  (H)  604  .Spadina  Ave.  (S.  1920) 
(A.M.  1927) 

GRIESBACH,  RoBT.  Jas.,  B.A.Sc,  (Tor,  '24),  Engr,  The  Foundation  Co.  of  Can- 
ada Ltd.,  1538  Sherbrooke  St.  W.,  Montreal,  Que.  (H)  478  Victoria  Ave., 
Westmount,  Que.     (S.  1923)     (A.M.  1927) 

GRIESBACH,  Walter,  B.Sc,  (Queen's  '12),  Chief  Engr.,  The  Foundation  Co. 
of  Canada,  Ltd.,  1538  Sherbrooke  St.  W.,  Montreal,  Que.  (H)  478  Victoria 
Ave.,  Westmount,  Que.     (S.  1912)     (Jr.  1916)     (A.M.  1922) 


i 


534 


THE     ENGINEERING     JOURNAL     {List  uf  Members) 


GRIEVE,  John,  Sales  Promotion  Mgr  ,  Imperial  Varnish  &  Color  Co.,  Ltd.,  Tor- 
onto, Ont.     (fl)  159  Forest  Hill  Rd.     (S.  HJOO)     (A.M.  WIS)     (M.  1923) 
GRIFFIN.  Augustus,  B.Sc,  (Calif. '06),  Chief  Engr,  D.N.R.,  C.P.R.,  Calgary, 

Alta.     (//)  Strathmore,  Alta.     (M.  1926) 
cfGRIFFIN,  Frank  F.,  Superv.  Engr.,  Northwestern  Power  Co.,  Winnipeg  Electric 

Rly.  Chambers,  Winnipeg,  Man.     (H)  23  Brussels  Apts.     {.S.  1907)     (A.M. 

1913) 
GRIFFITH,  John,  Bron  Seiont,  Segontium  Terrace,  Caernarvon,  N.  Wales. 

(A.M.  1919) 
GRIFFITH,  John  Edgab,  1229  Oliver  St.,  Oak  Bay,  Victoria,  B.C.     (M.  1912) 
cfGRIFFITHS,  Geo.  Ewaht,  B.A.Sc,  (Tor.  '15),  Meter  Engr.,  H.E.P.C.  of  Ont., 

Box38o,  Thorold,Ont.     (A.M.  1933) 
GRIFFITHS,  Geo.  H.  R.,  B.Sc,  (Man.  '35),  212  Forest  Ave.,  W.  Kildonan,  Man. 

(S.  1S35) 
GRIFFITHS,    W.    E.,    B.Sc,    (McGill    '31),    111)    Indian    Rd  ,    Toronto,    Ont. 

(Jr.  1.930) 
GRIME,  Leonard,  B.A.Sc,  (Tor.  '26),  Engr.,  National  Silicates  Ltd.,  New  Tor- 
onto, Ont.     (H)  26  Leopold  St.     (Jr.  1928) 
GRIMMER.  Allan  K.,  B.A.I.,  M.Sc,  (N.B.  '07),  Engr.,  Town  Dept.,  Can.  Inter- 
national Paper  Co.,  Temiskaming,  Que.     (//)  293  Kipawa  Rd.     (A.M.  1910) 

(M.  1920) 
GRINDLEY,  Frank  L.,  B.Sc,  (Alta.  '26),  Jr.  Engr.,  Water  Development  Com- 
mittee, Swift  Current,  Sask.     (H)  10942-80th  Ave.,  Edmonton,  Alta.  (S.  1926) 

(Jr.  1928) 
GROLEAU,  A.  J.,  B.Sc,  (McGill  '28),  Asst.  Dist.  Traffic  Supt.,  BellTelephone  Co. 

of  Canada,  1050  Beaver  Hall  Hill,  Montreal,  Que.     (H)  4396  Coolbrook  Ave. 

(S.  1928) 
GROSS,  Philip  Norcrofs,  B.Sc,  (McGill  '26),  Vice-Pres.  and  Mgr.,  Anglin-Nor- 

cross  Ontario  Ltd.,  57  Bloor  St.  W.,  Toronto,  Ont.     (H)  16  Hawthorn  Ave. 

(A.M.  1932) 
GROVE,  Humphrey  S.,  B.Sc,  (McGill  '09),  Designing  Engr.,  Power  Corpn.  of 

Canada,  Ltd.,  355  St.  James  St.,  Montreal,  Que.     (H)   135  Brock  Ave.  S. 

(Jr.  1913)      (A.M.  1918) 
GROVES,  F.  W.,  B.C.L.S.,  Cons.  Engr.,  Box  136,  Kelowna,  B.C.     (M.  1913) 
GRUENIG,  Ernest.  Designing  Engr.,  The  Montreal  Water  Bd.,  3161  Joseph  St., 

Montreal,  Que.     (//)  5456  Western  Ave.     (A.M.  1929) 
cTGRUMMITT,  Edmund,  Asst.  to  City  Engr.,  Municipality  of  St.  Catharines,  Ont. 

(H)  14  Elm  St.     (A.M.  1917) 
GRUNSTEN,  A.  W.,  B.A.Sc,  (Tor.  '28),  Can.  Industries,  Ltd.,  P.O.  Box  1260. 

Montreal,  Que,     (//)  4452  Beaconsfield  Ave.     (Jr.  1928) 
GUAY,  Jean  F.,  Dept.  P.W.  and  L.,  Registrar  of  Bridges,  Parliament  Bldgs., 

Quebec,  Que.     (A.M.  1887)      (M.  1907)     (Life  Member) 
GUIMONT,     Michael    L.,    B.Sc,    Deputy-Director,    Unemployment    Relief, 

D.P.W.  &  L.,   Parliament  Bldgs.,  Quebec,  Que.     (H)  192  Maisonneuve  Ave 

(S.  1906)      (A.M.  1912) 
GUMLEY,    F.    Stewart,    Designing   Engr.,    Martin    &   Co.,    Calcutta,    India. 

(H)  Columbarian  Cottage,  Selkirk,  Scotland.     (A.M.  1931) 
d'GUNN,  Angus   Stirling,  Lieut.,  M.C.,  Right  of  Way  Engr.,  C.N. R,  Moncton, 

N.B.     (//)  76  John  .St.     (A.M.  1921) 
d'GUNN,  Cecil  Herbert,  Schultz   &  Sutherland,  508  Avenue  Blk.,  Winnipeg, 

Man.     (H)  52  Roslyn  Rd.     (Jr.  1920)     (A.M.  1921) 
GUNN,  William  W.,  B.A.Sc,  (Tor.  '10),  Engr.,  Dom.  Bridge  Co.,  Ltd.,  Reford 

Bldg.,  Toronto,  Ont.     (//)  251  Lytton  Blvd.,  Toronto  12,  Ont.     (A.M.  1017) 
GUNNING,  M.  P.,  B.Eng.,  (McGill  '35),  591  Notre  Dame  Ave.,  St.  Lambert. 

Que.     (S.  1935) 
GURNHAM,  Robt.  Allan,  Works  Mgr.,  Darling  Bros.,  Ltd.,  140  Prince  St., 

Montreal,  Que.     (H)  5811  Notre  Dame  de  Grace  Ave.     (A.M.  1925) 
d'GUTHRIE,  Kenneth  MacGregor,  Sqdn.  Ldr.,  Dept.  of  National  Defence, 

Woods  Bldg.,  Ottawa,  Ont.    (H)  103  Acacia  .\vc  ,  RockrlifTe  Park.    (Jr.  1926) 

(Affil-  1934) 
cTGUY,  Richard  W.,  MM.,  B.Sc,  (McGill  '15),  Sr.  Examiner,  Dept.  Trade  and 

Commerce,  Rm.  124  West  Block,  Ottawa,  Ont.    (//)  451  Echo  Drive.    (S.  1914) 

(Jr.  1926)     (A.M.  1930) 
GZOWSKI,   C.1SIMIR  Stanislaus,   Chief  Engr.,   Constrn.   Dept.,   C.N.R.,   360 

McGill  St.,  Montreal,  Que.    (H)  6  Belvedere  Rd.,  Westmount,  Que.    (S.  1897) 

(A.M.  1904)      (M.  1909) 
c^GZOWSKI,  Harold  N.,  Major,  Pres.,  Toronto  Ignition  Co.  Ltd.,  1366  Yonge 

St.,  Toronto,  Ont.     (//)  03  Wells  Hill  Ave.     (S.  1907)     (A.M.  1911) 

G.tHAANEL,  Benj.  F.  C,  B.Sc,  (Syracuse  '99),  Chief  of  Divn.,  Divn.  of  Fuels  and 
Fuel  Testing,  Mines  Branch,  Dept,  of  Mines,  Ottawa,  Ont.     (H)  236  First 
Ave.     (M.  1918) 
HADDIN,  John,  Haddin  &  Miles,  Ltd.,  Gen.  Cons.  Practice,  9  Argyle  Court, 

Calgary,  Alta.     (A.M.  1911)     (M.  1913) 
HADDOW,  A.  W.,  B.Sc,  (Queen's  '09),  City  Engr.,  Edmonton,  Alta.  (H)  106.35- 
125th  St.     (A.M.  1916) 
cfHADLEY,  Arthur,  Designing  Dftsman.,  H.E.P.C.  of  Ont.,  Toronto,  Ont.    (H)  25 

Webb  Ave.     (A.M.  1921) 
cfHADLEY,  Henry,  Lieut.,  B.Sc,  (McGill  '06),  City  Engr.,  Verdun,  Que.    (H)  261 

Moffat  St.     (S.  1004)     (A.M.  1909) 
cfHADLEY,  W.  F.,   Lt.-Col,   (R.M.C.,   Kingston  '14),   Mgr.,  Scott  Estate,   17 
Main  Street,  Hull,  Que.     (H)  28  Aylmer  Rd.     (S.  1914)     (Jr.  1919)     (A.M. 
1930) 

HAGERMAN,   Bernard   Harrison,   B.Sc,    (N.B.   '23),   Asst.   Bridge  Engr., 

D.P.W.,  N.B.     (H)  74  Lansdowne  St.,  Fredericton,  N.B.     (Jr.  1923) 
cfHAGGAS,  Ernest,  Designing  Dftsman.,  Can.  Westinghouse  Co.  Ltd.,  Hamilton, 

Ont.     (//)  Rosseau  Ud.,  Bartonville,  Ont.     (A.M.  1931) 
HAGGERT,  Gordon  J.,  B.A.Sc,  (Tor.  '27),  Can.  Gen.  Elcc  Co.  Ltd.,  Toronto, 

Ont.     (H)  62  Hammersmith  Ave.     (S.  1928) 
HAGUE,  Edward  Cousins,  B.Sc,  (McGill  '2.3),  Chief  Engr.,  Erie  Resistor  Ltd., 

Carlisle    Rd.,    The   Hyde,    Hendon,    London,    N.W.9,    England.     (S.    1922) 

(A.M.  1030) 

HAIGHT,  Harry  Vercok,  B.A..Sc,  (Tor.  '97),  Wks.  Mgr.,  IngersoU-Rand  Co., 
Ltd.,  Lyoii.s  Hd,,  Trafford  Park.,  Manchester,  England.     (//)  Shandon,  Har- 
boro  Rd.,  Ashton-on-Mersey,  Cheshire,  England.     (M.  1920) 
cJ"HAIMES,  Ja8.,  City  Engr.,  City  of  Lethbridge,  City  Hall,  Lethbridge,  Alta. 
(H)  818-15th  St.  So.     (A.M.  1026) 

HAINES,  Julius  H.,  B.Sc,  (McGill  ',30),  Address  unknown.     (S.  1929) 
HAIRSINE,  Sydney,  Asst.  Elec  Engr..  Welland  Ship  Canal,  Dept.  of  Rlys.  and 

Canals,  St.  Catharines,  Ont.     (//)  97  Highland  Ave.     (A.M.  1932) 
HALE,  Geo.   Raymond,  SB.,   (Harvard  '12),   M.Sc,  Eleo    Engr.,  Shawinigan 

Water  and  Power  Co.,  Power  Bldg.,  Montreal,  Que.     (//)  38  Lazard  Ave.. 

Town  of  Mt.  Royal,  Que.     (A.M.  1027) 


HALL,   Donald   D.,  B.Sc,   (Queen's  *30),   Dom.   Natural  Gas  Co.  Ltd.,   St. 

Catharines,  Ont.     (//)  55  Marquis  St.     (S.  1928) 
HALL,  John  G.,  B.Sc,  (McGill  '21),  Gen.  Mgr.,  Combustion  Engineering  Corp., 

Ltd.,  540  Dominion  Square  Bldg.,  Montreal,  Que.     (H)  870  Hartland  Ave. 

(S.  1919)     (A.M.  1924)     (M.  1931) 
rf'HALL,  Norman  MacL.,  Major,  O.B.E.,  B.Sc,  (McGill  '07),  Prof.  Mech.  Engrg., 

University   of  Manitoba,   Winnipeg,   Man.,   also  Consulting  Engr.     (H)   22 

Dundurn  Place,  Winnipeg,  Man.     (.S.  1907)     (A.M.  1913)     (M.  1923) 
HALL,  Stewart  Wm.,  B.A.Sc,  (Tor.  '28),  Plan  Examiner,  Arch't.'s  Dept.,  City 

of  Toronto,  City  Hall,  Toronto,  Ont.     (H)  393  Montrose  Ave.     (Jr.  1929) 

(A.M.  1934) 
HALL,  Thos.  Leonard,  B..Sc.,  (N.B.  '28),  Sales  Engr.,  Can.  Gen.  Elec.  Co.  Ltd., 

Notre  Dame  Ave.,  Winnipeg,  Man.     (//)  152  Garfield  St.     (S.  1928) 
HALL,  Walter  Elten  Logan,  Private  Practice,  P.O.  Box  277,  Windsor,  N.S. 

(A.M.  1921) 
HALLEY,  W.  C.  H.,  Petty  Harbour,  St.  John's  West,  Nfld.     (S.  1932) 
HALPENNY,  M.  B.,  BSc,  (McGill  '26),  Estimator,  Dominion  Bridge  Co.  Ltd., 

Box   4016,    Montreal,    Que.      (//)    4935   Connaught   Ave.,    Montreal,   Que. 

(S.  1023)      (A.M.  1931) 
HALTALIN,  Clifford  P.,  B.Sc,  (Man.  '29),  Jr.  Asst.  Engr.,  Winnipeg  Electric 

Co.,  Winnipeg,  Man.     (H)  636  Toronto  St.     (S.  1927)     (A.M.  1934) 
HAMEL,  J.  Albert,  B.Sc,  (McGill  '27),  Prof.,  Technical  School,  642  Notre  Dame 

St.,   Three    Rivers,  Que.     (S.  1920)     (A.M.  1927)      (Sec.-Treas.,  St.   Maurice 

Valley,  Br.  E.I.C.) 
HAMILTON,  Cecil  R.,  B.Sc,  (N.S.T.C.  '34),  Weymouth,  N.S.     (S.  1930) 
HAMILTON,  Chas.  Thomas,  B.A.Sc,  (Tor.  '09),  D.L.S.,  B.C.L.S.,  Coas.  Engr.. 

76-615  Hastings  St.  W.,  Vancouver,  B.C.       (H)  2044-44th  Ave.,  W.       (A.M. 

1917) 
HAMILTON,  Chester  B.,  Jr.,  B.A.Sc  ,  (Tor.  "07),  Pres.  and  Mech.  Engr.,  The 

Hamilton  Gear  and  Machine  Co.,  76  Van  Home  St.,  Toronto,  Ont.     (H)  (i 

Frank  Crescent.     (M.  1918) 
HAMILTON,  Parker  C,  B.Sc,  (N.S.T.C.  '33),  242  Oxford  St.,  Halifax,  N.S. 

(S.  1932) 
HAMILTON,  Robt.  Wm.,  B.Sc,  (McGill  '29),  Elec.  Engr.,  Dora.  Electric  Pro- 
tection Co.,  2040  Clarke  St.,  Montreal,  Que.     (H)  113  Brock  Ave.  S.,  Montreal 

West,  Que.     (S.  1926) 
HAMILTON,  Vesey  Courthope,  (R.M.C,  Kingston  '24),  Supt.,  Canada  Cement 

Co.  Ltd.,  Exshaw,  Alta.     (A.M.  1936) 
HAMILTON,  W.  Garrison,  B.Sc,   (N.S.T.C.  '35),  Engrg.  Dept,  Can.  Johns- 

Manville  Co.,  Asbestos,  Que.     (S.  1930) 
d"HAMMERSLEY-HEE.NAN,  John,  Capt.,  Pan-Paci6c  Piling  and  Construction 

Co.,  Box  389,  Wilmington,  Calif.     (A.M.  1911) 
HAMMOND,  R.  E.,  B.A.Sc,  (Tor.  '33),  M.A.Sc,  '34,  Northern  Electric  Co.  Ltd., 

1261  Shearer  St.,  Montreal,  Que.     (H)  1216  St.  Matthew  St.     (S.  1931) 
cj'H.^NCOX,  Frederick  Jas.,  Chief  Designer,  Sewer  Section,  City  of  Toronto, 

Toronto.Ont.     (//)  119  Neville  Park  Blvd.     (A.M.  1920) 
cfHANDLEY,  John,  Lt.-Col.,  M.E.,  Dip.A.,  (Cantab.),  P.O.  Box  54,  Noranda, 

Que.     (S.  1904)     (A.M.  1907) 
MANGO,  J.  R.,  B.Sc,  (Alta.'  29),  .Asst.  Elec.  Engr.,  Duke-Price  Power  Co.  Ltd., 

Arvida,  Que.     (H)  207  Radin  Rd.     (S.  1928)     (A.M.  1936) 
HANKIN,  Edmund  Alfred,  B.Eng..  (McGill  '34),  Engr.,  Francis  Hankin  &  Co. 

Ltd..  165  Spadina  Ave.,  Toronto,  Ont.     (S.  1934) 
HANKIN,  Francis,  Pres.,  Francis  Hankin  &  Co.,  2028  Union  Ave.,  Montreal, 

Que.     (//)  648  .Murray  Hill     (Affil.  1920) 
HANLY,  Arthur  F.,  Rm.  901,  Read  Bldg.,  420  Lagauchetiere  St.  W.,  Montreal, 

Que.     (A.M.   1920) 
HANLY,  John  Bruce,  B.A.Sc,  (Tor.  '31),  78  Grosvenor  St.,  Toronto,  Ont. 

(S.  1930) 
H.\NNA,  H.vROLD  B  ,  B.Sc,  (Queen's  '24),  Can.  Industries  Ltd.,  Montreal,  Que. 

(//)  4836  Westmore  Ave.  N.D.G.     (S.  1922)     (Jr.  1926)     (A.M.  1931) 
cfHANNA,  John  Jeffery,  Capt  ,  B.A.Sc,  (Tor  '14),  Asst.  Supt.,  Imperial  Oil  Ltd., 

Ogden  Rd.,  Calgary,  Alta.     (H)  1122  Frontenac  Ave.     (A.M.  1917) 
HANNAFORD,  Arthur  R.,  Office  and  Designing  Engr.,  City  Engr.'s  Dept., 

Corp.  of  the  City  of  Hamilton,  Hamilton,  Ont.     (H)  354  Herkimer  St.     (A.M. 


HANNING,  George  Foster,  (Tor.  '99),  Grimsby,  Ont.     (A.M.  1897) 
HANSEN,  Darrel  Adrian,  B.Sc,  (Alta.  '28),  Asst.  Dist.  Engr.,  Calgary  Power 

Co.,  107  Commercial  Bldg.,  Edmonton,  Alta.     (//)  11023-64th  A.  St.     (A.M. 

1934) 
HANSON,  Myron  W.,  C.E.,  (Ohio  Nor.  '10),  Designing  Engr.,  Aluminum  Co. 

ot  America,  801  Gulf  Bldg.,  Pittsburgh,  Pa.     (M.  1927) 
HANSON,  Ralph  Ellis,  B.Sc,  (N.S.T.C.  '28),  D.L.S.,  Hydrographic  Service, 

Marine  Dept.,  Hunter  Bldg.,  Ottawa,  Ont.     (H)  341  MacLaren  St.     (A.M. 

1933) 
HARBERT,  Edward  Thomas,  B.Sc,  (McGill  '23),  Engr.,  Can.  Ingersoll-Rand 

Co.  Ltd.,  Box  728,  Sherbrooke,  Que.     (S.  1920)     (Jr.  1928) 
HARDCASTLE  Sydney,  B.A.Sc,  (Tor.  '24),  Asst.  Str'l.  Engr.,  D.P.W.,  Chief 

Arch't.  Br.,  Rm.  922,  Hunter  Bldg.,  Ottawa,  Ont.     (H)  115  Sunnyside  Ave. 

(S.  1920)      (A.M.  1931) 
HARDING,  Sidney,  S.L.S.  Private  Practice,  Punnichy,  Sask     (A.M.  1921) 
HARDING,  Sidney  H.,  B.Sc,  (N.B.  '34),  Apohaqui,  Kings  Co.,  N.B.     (S.  1934) 

HARDY,  George  F.,  B.S.,  Hydr.  Engr.  and  Mill  Architect,  305  Broadway,  New 
York,  N.Y.     (H)  Crydero  Court,  White  Stone,  N.Y.     (M.  1902) 

HARDY,  R.  M.,  B.Sc,  (Man.  '29),  M  Sc,  (.McGill  '30),  D.L.S.,  A.L.S.,  Lecturer 
in  C.E.  University  of  Alberta,  105  Science  Bldg.,  Edmonton,  Alta.  (S.  1928) 
(Jr.  1034)     (Sec.-Treas.,  Edmonton  Br.,  E.I.C.) 

cfHARDY,  Wm.  Gathorne,  Capt.,  B.Sc,  (N.S.T.C.  '20),  N.S.L.S.,  4879  Patricia 
Ave.,  N.D.G.,  Montreal,  Que.     (A.M.  1935) 
HARE,  Chas.  M.,  B.Sc,  (McGill  '29)  Foundation  Co.  of  Canada,  W.  Saint  John, 

N.B.     (H)  264  St.  James  St.     (-S.  1928) 
tHARE,  G.  G.,  B.A.Sc,  (McGill  '96),  City  Engr.,  Saint  John,  N.B.     (H)  264  St. 

James  St.     (S.  1804)     (A.M.  1008)     (M.  1920)      (Life  Member) 
HARE,  W.  L.,  B.Sc,  (Queen's  '35),  673  Gilmour  St.,  Ottawa,  Ont.     (S.  1035) 
HARGROVE,  Paul,  B.Sc,  (Alta.  '28),  Alcomdale,  Alta.     (S.  1927)     (Jr.  1931) 

HARKNESS,  Aleck  L.,  B.A.Sc,  (Tor.  '08),  232   Portland  Ave.,  Mount  Royal, 

Que.     (S.  1907)     (A.M.  1911) 
HARKNESS,  Andrew  Harkness,  B.A.Sc,  (Tor.  '08),  Harkness   &  Hertzberg, 

Rms.  620-622  Bloor  Bldg.,  57  Bloor  St.  W.,  Toronto,  Ont.     (H)  185  Glencairn 

Ave.     (A.M.  1912)     (M.  1917) 
HARKNESS,  Harold  W.,  B.Sc.  (Queen's ), M.Sc,  Ph.D.,  (McGill),  Assoc  Prof. 

of  Physics,  Acadia  University;  Box  434,  Woltville,  N.S.    (A.M.  1920)    (M.1931) 


THE     ENGINEERING     JOURNAL     {Lid  of  Members) 


0.35 


I 


HAUKNETT,  Stkwaut  (Iko.,  Mii.r.,  ]<',U)i-.  Dcpl.,  Muiiifortl,  Modlaiul,  Ltd  , 
Wall  St,,  Winnipes,  Man.  (//)  222  Melbourne  Ave.,  E.  Kildoiiaii.  (A.M 
1034) 
o'HARKOM,  John  Fredekkk,  Capt.,  M.C.,  B..Sc.,  (McGill  '14),  Forest  Products 
I/aboratories  of  Canada,  Dept.  Interior,  Ottawa,  Ont.  (.S.  19111)  (Jr.  1918) 
{A.M.  192.->) 

HARRIGAN,  iM.wo,  U.S.-.,  (Dalhousic  '30),  H.Sr.,  (N.S.T.C.  '33),   'M'/i    Har- 
rington St.,  Halifax,  N.S.     (H.  lO.iO) 

HAUHINGTON,  Arthur  Russell,  82  Cambridge  St.,  Halifax,  N.S.      (S.  1932) 
tllAHRINGTON,.!.  I.vle,  B.A.,  M.Sc,  (McGill),  C.E.,  (Kansas),  D.Eng.,  (Case), 
Harrington  &  Cortelvon,  Cons.  Engrs.,  1004  Baltimore  Ave.,  Kansas  City,  Mo. 
(//)  111  West  Armour.     (M.  1905) 

HARRIS,  Arthur  Clifford,  B.Sc,  (N.S.T.C.  '27),  Asst.  Engr.,  City  of  Halifax, 
City  Hall,  Halifax,  N.S.     (//)  2.50  Almon  St.     (S.  1927)     (Jr.  19-28) 

HARRIS,  RicH.vRD  Crosby,  Div.  Engr.,  C.P.R.,  Calgary,  Alta.     (H)  101G-15th 
Ave.  W.     (A.M.  191.9)     (M.  IBM) 

HARRIS,  W.\LLACE  R,  Project  Engr.,  Works  Progress  Administration,  Milwau- 
kee, Wis.     (//)2611  W.  Juneau  Ave.,  Milwaukee,  Wis.     (M.  WKJ) 

HARRISON,    Albert   Dex,     4693   Cote   St.    Catherine    Rd.,    Montreal,    (J>u". 
(M.  19.11) 
cfHARRISON,  Ed\v.a.ri)  Harrison,  Capt.,  M.C.,  Private  Practice,  121  Sloane  St., 
London,  S.W.I,  England.      (A.M.UJOU)      (M.19'20) 

HARRISON,  Noel  F  .  Civil  and  Elee.  Engr.,  Private  Pactice,  Bray  Head,  Gountv 
Wicklow.  Ireland.  (//)  "Sliab  Fana,"  Bri  Cualann.  (A.M.  1922) 
d'HARRISON,  Ronald,  Lieut.,  B.A.Sc,  (Tor.  '20),  Mgr.  and  Sec.-Treas.,  Hydro 
and  Water  Depts.,  Scarboro  Utilities  Comm.,  1666  Kingston  Rd.,  Toronto, 
Ont.  (//)  18.59  Kingston  Rd.,  Birchcliff,  Ont.  (S.  1919)  (Jr.  1921)  (A.M. 
1925) 

HARRISON,  RoN.^LD  Dex,  B.Eng.,  (MoGill  '34),  4693  Cote  St.  Catherine  Rd., 

Montreal,  Que.     (.S.  19.3/,) 
cfllARRY,  Wilmot  Earl,  Capt.,   M.C.,  Dept.   National  Defence,   Nakina,  Ont 

(A.M.  1920) 
H.\RT,   Henry   Utler,   Viee-Pres.   and  Chief  Engr.,  Can.   Westinghouse   Co  , 

Hamilton,  Ont.     (//)  3  RavensclilTe  Ave.     (M.  1.907) 
HART,  Herbert  Trench,  B.Eng.,   (McGill  '32),   c/o  The  Jamaica  Theatres. 

Ltd.,  Box  211,  Kingston,  Jamaica,  B.W.I.     (S.  19.30) 
HART,  W.  O.,  B.Sc.  (Queen's  '29),  Sales  and  Adv.  Mgr.,  Oshawa  Dairy  Ltd., 

Oshawa,  Ont.     (H)  431  Simcoe  St.  S,      (S.  1928) 
HARTLEY,  Eric  L.,  B.Sc,  (Queen's  '33),  Jas.  Richardson   &  Sons  Ltd.,  1032 

Grain   Exchange,   Winnipeg,    Man.     (//)    Ste   4,    "Lee   Court."    Donald    St. 

(S.  1933) 
HARTNEY,  Jas.  R.,  B  So.,  (McGil!  '30),  Inspr,,  Can.  Fire  Underwriters'  Assoc, 

Sprinkler  Risk  Dept.,  628  Coristine  Bldg.,   Montreal,  Que.      (H)   244   Mer- 

ceille  Ave.,  St   Lambert,  Que.     (.S.  1.9.30) 
cTHARVEY,  Chas.,  B.A.!<c.,   (Tor.  '01),  D.L.S.,  Engr,  Dept.  of  Highways.  Ont. 

(H)  3.56  McLaren  St.,  Ottawa,  Ont.      (A.M.  1921) 
HARVEY,  D.  W.,  B.A.Sc,  (Tor.  '10),  Gen.  Mgr.,  Toronto  Transportation  Comm., 

Toronto,  Ont.     (//)  10  Shorndiffe  Ave.      (S.  1.909)     (A.M.  1914)     (M.19S2) 
H.'\RVEY,  St.  George,  .Scc-Treas.,  The  Kennedy  Construction  Co.  Ltd.,  407 

McGill  St.,  Montreal,  Que.      (//)  722  Roslvn  .V-e,  Westmount,  Que.     (A.M. 

190-5) 
HARVEY,   W.  M.,   B.S.>.,    (Queen's   '20.    P  O.    Box   724,    New   Liskeard,   Ont. 

(S.  1922) 
HARVIE,  A.  C,  B.Sc,  (Queen's  '23),  Box  602,  Port  Colliorne,  Ont.     (S.  1922) 

(Jr.  1927) 
H.\RVIE,     Ralph   Andrew,    Can.    Westinghouse   Co.    Ltd.,    Hamilton,   Ont. 

(H)  163  Jackson  St.  W.     (S.  1927) 
HARVIE,  Thomas  White,  633  Cote  St.  Antoine  Rd.,  Westmount,  Que.     (A.M. 

1911)      (M.  192.3) 
HARZA,  LeRoy  Francis,  B.S.,  (S.  Dakota  State  '01),  B.S.,    (Wis.   '08),   Cons. 

Engr.,   Pres  ,   Harza  Engineering  Co.,  205  W.  Wacker  I5rive,  Chicago,  111. 

(H)  2299  Pierce  Rd.,  Highland  Park,  111.     (M.  1928) 
HASTINGS,  Meredith  H.,  B.Sc,  (Queen's  '31),  57  Church  St.,  Weston,  Ont. 

(S.  192S) 
HASTINGS,  Walter  Hindson,  B.Sc,  (McGill  '22),  Dept.  of  Natural  Resources. 

Sask.,  Parliament  Bldgs.,  Regina,  Sask.     (//)   1.52  Conmiught  Cres.     (.1  .V 

1927) 
HATFIELD,  Geo.   N.,  Road  Engr.,  Corpn.  of  the  Citv  of    Saint    John,   N.B 

(//)   122  Broad  St.      (ti.  1909)      (A.M.  1915) 
HATFIELD,  Gordon  Wallace,  B.Sc  ,  (McGill  '31),  Chief  Chem,  B.  D.  Beamish 

Sugar  Refinery,  Fleet  and  Bathurst  Sts.,  Toronto,  Ont.     (//)  11  Walnier  Rd. 

(Jr.  1933) 
HATHAWAY,  Jos.   Dean,  Vice-Pres.,   Northern  Electric  Co.   Ltd.,   Montreal, 

Que.     (H)  700  Aberdeen  Ave.,  Westmount,  Que.     (M.  1920) 
HAULT,  G.  C,  B.Sc,  (N.S.T.C.  '31),  Asst.  Engr.,  Dept.  of  Highways,  N.S.  (H)  31 

Woodill  St.,  Sydney,  N.S.      (S.  1929) 
HAULTAIN,  H.  E.  T.,  C.E.,  (Tor.),  Prof,  of  Mining  Engrg.,  University  of  Tor- 
onto, Toronto,  Ont.      (M.  1901) 
HAVENS,  Verne  Leroy,    Engr.   Examiner,  U.S.  Govt.,  P.W.  Administration, 

P.O.  Box  106.5,  San  Francisco,  Calif.      (//)  47  Vallejo  St.,  Berkeley,  Calif. 

(M.  1922) 

HAVILAND,  Frank  Leslie,  (Tor.  '08),  Vice- Pros,  and  Ch.  Engr  ,  Standard  Steel 
Construction  Co.,  Welland,  Ont      (//)  153  Aqueduct  St.     (M.  1928) 

HAWKE,    Chas.    Edison,  B.A.Sc.   Asst.   Engr.,  P.W.D.,  Canada,  24  Adelaide 
St.  E.,  Toronto,  Ont.     (//)  91  St.  George  St.     (.S.  1930) 

HAWKER,  Frank  Edward,  Can.  Johns-Manville  Co.  Ltd..  Halifax,  N.S.     (H) 
55J4  Le  Marchant  St.      (.S.  1920) 

HAWKES,  Horace  H.,  Str'l.  Designer,  Dom.  Bridge  Co.,  Ltd.,  Lachine.  Que. 
(//)  75  Percival  Ave.,  Montreal  West,  Que.      (A.M.  1921) 

HAWKINS,   Jas.   E.,   B.Sc.   (Alta.   '32),   Lethbrid.qe  Junior  Technical  School, 
636-llth  St.  So.,  Lethbridge,  Alta.     (S.  1932) 

H.\WLEY,  Geo.  P.,  Res.  Engr.,   Montreal  Islan<l  Power  Co.,  P.O.  Box   1710, 
Montreal,  Que.     (//)  10844  St.  Hubert  St.     (M.  1920) 

HAWTHORNE,  Donald  J.,  Wks.  Mgr.,  Wv'^stern  Clock  Co.,  La  Salle,  111.     (A.M. 
1930) 

cfHAWTHORNE,  George,  Asst  Engr.,  Turbine  Erection,  H.E.P.C.  of  Ont., 
Fraserdale,  Ont.     (//)  Box  328,  Campbellford,  Ont.     (A.M.  1926) 

HAY,  Adam,  Chief  Dftsman.,  Dept.  Public  Highways,  Ont.,  Parliament  Bldgs., 
Toronto,  Ont.     (H)  479  Dovercourt  Rd.     (A.M.  1921) 

cfHAY,  Alan  K.,  Lieut.,  B.Sc,  (McGill  '14),  Ottawa  Suburban  Roads  Comm., 
279  Carling  St.,  Ottawa  ,Ont.  (H)  20  Lakeview  Terrace.  (S.  1914)  (A.M. 
1919) 


HAY,  Alexander  Loudon,  .\sst.  Mining  Engr.,  Dom.  Coal  Co.,  Box  643,  Glace 
Bay,  N.S.     (//)   702  Offittial  Row.     (A.M.  1921)     (M.  1925) 

HAY,  Edward  Campbell.  B.A.Sc,  (B.C.  '30),  Sales  Correspondent, Can.  West- 
inghouse Co.  Ltd.,  Hamilton,  Ont.  (//)  l(i3  Jackson  St.  W.  (.S.  1928) 
cTHAY,  Marshall  Neil,  B.Sc,  ((Jueen's  '23),  .Supt.,  Aluminum  Co.  of  Canada, 
Ltd.,  1.58  Sterling  .lid  .  Toronto  3,  Ont,.  (//)  22  Austin  Cres.  (Jr.  1924) 
(A.M.  1927) 
cTHAY,  Wm.  When,  B.Sc,  C.E  ,  (Vermont  '10),  II.  Cassel  &  Co.,  01  Broadway, 
New  York,  N.V.     (//)  51 1  West  112t,h  St.     (S.  1910)     (Jr.  1914)     (A.M.  1919) 

HAYCOCK,  Richard  LaF.,  B.Sc,  (McGill),  Mech.  Engr.,  J.  H.  Booth,  Ltd  , 
Ottawa,  Ont.      (//)  34.5  Stewart  St.      (M.  1919) 

HAYES,  Elbert  Harvey,  B.Sc,  (N.B.  '28),  Northern  Electric  Co.  Ltd.,  Mont- 
real, Que.     (//)  4906  (iueen  Mary  Rd.     (S.  1927) 

HAYES,  Gerald  Jos.,  B.Sc.  (N.S.T.C.  '3.3),  Chatham,  N.B.     (S.  1933) 

HAYES,  Herman  R.,  B.Sc,  (Alta.  '34),   19  Diana  Court,  Medicine  Hat.  Alta. 
(//)    Gleicheii,    Alta.      (.S.    19.33) 
cr'HAVES,  Ja.s.  Bertram,  B.Sc.  (fXalhousie  '13).  SB.,  (C.E.),  (N.S.T.C.  '10\  Mgr., 
N.S.  Light   &  Power  Co.  Ltd.,  Capitol  Bldg.,  Halifax,  N.S.     (II)  "Kelavi." 
Armdale  P.O.,  N.S.      (A.M.  1920) 

HAYES,  Roland  Earle,  B.Sc,  (McGill  '24),  Engrg.  Dept.,  General  Supply  Co. 
of  Canada,  Ltd.,  360  Sparks  St.,  Ottawa,  Ont.    (//)  267  Powell  Ave.     (Jr.  1928) 

HAYES,  Ronald  A.  H.,  B..Sc,  (McGill  '28),  Bloomfield  Sta.,  N.B.      (,S'.  1922) 

HAYES,  St.  Clair  J.,  B.S.,  (N.S.T.C.  '2.3),  Lecturer  in  Engr;;.,  Memorial  Univer- 
sity College,  St.  John's,  Nfld.      (.S.  1923)      (Jr.  1926) 

HAYMAN,  Howard  L.,  B.A.Sc,  (Tor.  '23),  Supt.,  John  Hayman  &  Sons  Co. 
Ltd.,  432  Wellington  St.,  London,  Ont.      (H)  114  Base  Line  Rd.     (A.M.  1933) 
d'HAYNE,  Harry  Louis,  Capt.,  M.C.,  Dist.  Engr.,  DP  W.,  Pouce  Coupe,  B.C. 
(A.M.  1020) 

HAYS,    David    Walker,     B.Sc,    (Nevada),    Gen.    Mgr.,    Canada    Land    and 
Irrigation  Co.  Ltd..  Box  077,  Medicine  Hat,  Alta.     (M.  1918) 
cTHAZEL,  Frederick  Brackenhidge,  B.,Sc..    (.St.    Andrews    11').    Bldg.    Inspr.. 
Man..  Rm.  29,  Parliament   Bldg.,    Winnipeg,    Man.     (//)  152    Genthon   St., 
Norwood,  Man.  (A. 71/.  1920) 

HAZELTON,  W.  B.,  B.Sc.  (N.B.  '34).  Beebe,  Que.     (S.  1934) 

HAZEN,  Hugh  T.,  Chief  Engr.,  Atlantic  Region,  C.N.R.,  Moncton,  N.B.  (H) 
178  Church  St.     (A.M.  1896)      (M.  1906) 

tHEAMAN,  John  Andrew.  B.Sc,  (McGill  '02),  Office  Engr.,  C.N.R.,  360  McGill 
St.,  Montreal,  Que.     (S.  1901)     (A.M.  1909)      (M.  1916) 
HEARN,  Richard  L.,  B.A.Sc,  (Tor.  '13),  Chief  Engr.,  H.  G.  Acres  &  Co.  Ltd., 
Niagara  Falls.  Ont.     (//)  875  Roberts  St.     (A.M.  1920)     (M.  192.5) 

d"HEARTZ.  RicHARD  Edgar,  Lieut.,  B.Sc,  (McGill'  17),  Asst.  Chief  Engr.,  Shaw- 
inigan  Engineering  Co.,  Power  Bldg.,  Montreal,  Que.  (H)  208  Portland  Ave., 
Town  of  Mount  Royal,  Que.     (S.  1917)     (A.M.  1.926)      (M.  1.93.3) 

d"HEATLEY,  Albert  Harold,  B.A.Sc,  M.A.,  (Tor.  '23),  Dept.  of  Electrochemis- 
try. University  of  Toronto.  Toronto,  Ont.  (//)  274  Winona  Drive.  (S.  1921) 
(Jr.  1926)      (A.M.  1931) 

HE.WYSEGE,  Bruce  Reid,  B.Eng.,  (McGill  '33),  Hollinger  Cons.  Gold  Mines, 

Ltd.,  P.O.  Box  310,  Timmins,  Ont.     (S.  193.3) 
HEBERT,  Camille  Raymond,  4079  St.  Hubert  St.,  Montreal,  Que.      (.S.  1935) 
HECKLE,  George  R.,  Cons.  Engr.,  50  Church  St.,  New  York.  N.Y.     (H)  96 

Highland  Ave.,  Yonkers,  N.Y.     (M.  1914) 
HECKMAN,  Jos.  Wm.,  B.E.,  (King's  '76),  Apt.  3,  2290  Girouard  Ave.,  Montreal, 

Que.     (A.M.  1887)      (Life  Member) 
HEDLEY,  C.  E.,  40  Springwell  Ave.,  Harlesden,  London,    N.W.IO,    England 

(S.   1929) 
HEENEY,  CAroEN  Thos.,  B.Sc,   (McGill  '26),  Asst.  Engr.  and     Transitman, 

Gatineau  Power  Co.,   Jackson  Bldg.,    Ottawa,    Ont.      (H)    2.50    Frank    St 

(S.  1027) 
HEIMBURGER,  Boris,  B.A.Sc,  (Tor.  '321,  Bulevarden  15,  Helsingfors,  Finland 

(S.  1931) 
HEMMERICK,  George,  B.Sc,  (Queen's  '10).  Can.  Sales  Engr.,  Dow  Chemical 

Co.,  157  Bay  St.,  Toronto,  Ont.     (i/)  157  Colin  Ave.     (S.  1916)      (A.M.  1918) 
HENDER.SON,    Balfour.    Instr'man.    C.N.R..    Winnipeg.  Man.      (H)    Ste.  0, 

Dorchester  Apts.     (A.M.   1.920) 
HENDERSON.    Henry    Banks.    B.S.,    M.E.,    M.M.E.,    (Cornell    '95),    Mgr., 

Cowin    &   Co..   Ltd..   Pacific   and   Yeoman  Sts.,  Winnipeg,   Man.     (//)    125 

Hargrave  St.      (M.  1921) 

HE.^JDERSON,  Ian  Gordon,  B.Sc,  (McGill  '26),  Williamstown,  Ont.  (S.  1925) 
(Jr.  1928) 

rf'HENDERSON,    John    Alexander,    Major,    B.A.,    B.A.I.,    (T.C.D.),     .\ddress 

unknown.      (A.M.  1924) 
cfHENDERSON,  John  Archibald  Hamilton,  B.Sc,  (Queen's  '22),  Can.  Inter- 
national Paper  Co.,   1155  Beaver  Hall  Sq.,  Montreal,  Que.     (H)  469  Lans- 
downe  Ave.,  Westmount,  Que.     (Jr.  1921)     (A.M.  1923) 

HENDERSON,  Judson  Pulford,  M.A.,  (Tor.  '15),  Astronomer,  Dominion 
Observatory,  Ottawa.  Ont.     (//)  Box  204.  Westboro,  Ont.     (A.M.  1923) 

HENDERSON.  Robert  P..  B.Sc.  (Man.  '30).  Dist,  Engr.'s  Office.  D.P.W..  3rd 
Floor,  Customs  Bldg.,  Winnipeg,  Man.       (//)  264  Wellington  Cres.    (S.  1929) 

HENDERSON,  Roy  Manwaring,  B.S.  in  E.E.,  (Armour  '07),  (E.E.,  '06), 
Pres.,  United  Engineers  and  Constructors  Inc.,  Ill  W.  Wasliington  St., 
Chicago,  111.     (H)  1501  Hinman  Ave.,  Evanston,  111.     (M.  1929) 

HENDERSON,  Samuel  E.  M,,  (Tor.  '00).  Mgr..  Switchboard  Dept.,  Can.  Gen. 
Elec  Co.,  212  King  St.  W.,  Toronto,  Ont.     (//)  38  Jameson  Ave.    (M.  1929) 

HENDERSON,  Thos.  Robert,  25  Alva  St.,  Edinburgh,  Scotland.  (A.M. 
1892)      (M.  1905)       (Life  Member) 

HENDRICK,  M.  M.,  B.A.Sc,  (Tor.  '32),  F/0,  R.C.A.F.,  Camp  Borden,  Ont. 

(S.  1932) 

HENDRY,  Murray  Calder,  B.A.Sc,  (Tor.  '09),  H.E.P.C.  of  Ontario,  620 
University  Ave.,  Toronto,  Ont.     (A.M.  1908)     (M.  1920) 

HENEY,  F.  G.  G.,  Westboro,  Ont.     (S.  1927) 

tHENRY,  R.  A.  C,  B.A.,  B.Sc,  (McGill  '12),  Vice-Pres.  and  Gen.  Mgr.,  Beau- 
harnois  Power  Corp.,  Ltd.,  405  Power  Bldg.,  Montreal,  Que.  (S.  1910) 
(A.M.  1913)     (M.  1920) 

HENRY,  Thomas,  B.A.Sc,  (Tor.  '31),  Elec.  Engr.,  Square  D  Co.  of  Canada, 
Ltd.,  672  Dupont  St.,  Toronto,  Ont.     (H)  35  Jane  St.     (S.  1932) 
d'HENRY,    Thomas    Haliburton,    B.Sc,    (McGill   '14),    Asst.    Engr.,    Harbour 
Commrs.    of    Montreal.    357   Common   St.,   Montreal,   Que.     (//)   Apt.   29, 
4560  St.  Catherine  St.  W.     (Jr.  1922)      (A.M.  1927) 

cfHENSHAW,  Fred.  Robt.,  Major,  R.C.E.,  (R.M.C.,  Kingston  '11),  M.D.  No.  6, 
Halifax,  N.S.     (A.M.  1925) 

HEPINSTALL,  R.  R.,  B..Se.,  (Queen's  '14),  Pres.,  R.  R.  Hepinstall  Inc.,  601 
Market  St.,  New  Orleans,  La.     (H)  1205  State  St.     (S.  1914)     (A.M.  1919) 


)3G 


THE     ENGINEERING     JOURNAL    (List  of  Members) 


HERBERT,  A.  C,  B.Se.,  (Alta.  '35),    R.C.C.S.   Officers'    Mess,   Camp   Borden, 

Ont     (//)  Wilkie,  Sask.     (S.  193S) 
cfHERBISON,  RoBT    M..  Hydraulic  Engr.,  Glenfield   &  Kennedy  Ltd.     (H)  75 

Barnweii  Rd.,  Kilmarnock,  .Scotland.     (.l.M.  19:i6) 
HERBISOX,   Wm  ,   Dom.   Bridge  Co.   Ltd.,  I-achine,  (^ue      (H)   167-8th  Ave., 

Lachine,  Que.     {A.M.  1936)  • 

HERD,  Ch.\s.  E.,  Mech.  Engr.,  Hydraulic  Dept.,  Dom.  Engineering  Co.  Ltd., 

Lachine,  Que.     (//)  4110  Oxford  Ave,  Montreal,  Que.     {A.M.  1920) 
HERR,    Arthur    George,    Chief    Dftsman.,    Packard    Electric    Co     Ltd  ,    St 

Catharines,  Ont.     (//)  131  York  St.      (A.M.  1935) 
tHERRIOT,  Geo.  H.,  B  Sc  ,  (Queen's  '07),  D.L.S.,  M.L.S.,  A.L.S.,  Asst.  Prof., 

Dept.  of  C.E.,  University  of  Manitoba,  Winnipeg,  Man.     (H)  325  Waverly 

St.      (A.M.  1910)      (M.  1919) 
HERRMANN,  Geo.  E.,  Canada  Creosoting  Co.  Ltd  ,  PO  Drawer 2408,  N,  Van- 
couver, B.C.      (.4.^^.  1927) 
HERSHFIELD,  Ch.^s.,  B.Sc,  (Man.  '30),  Engr  ,  Standard  Iron  and  Steel  Wks  , 

3.i02  Dundas  St.  W.,  Toronto,  Ont.     (//)  352  Victoria  St.     (Jr.  1035) 
cfHERTZBERG,  Chas.  S.  L.,  Lt.-Col.,  M.C,  (Tor.  '05),  Harkness  &  Hertzberg, 

Rms.  020-622  Bloor  Bldg.,  57  Bloor  St.  W.,  Toronto,  Ont.     (//)  9  Barton 

Ave.     (A.M.  1911)     (M.  1917)     (Member  of  Council,  E.I. C.) 
HESLOP.   Wilfrid   Gibson,   B.A.Sc,    (Tor.    '30),    Res.   Engr.,    Dept.   of   Nor 

Development,  Box  2776,  Timmins,  Ont.     (H)  74  Winnipeg  Ave.,  Port  Arthur, 

Ont.     (A.ilf   1936) 
HEUPERMAN,  Fred.  Justimus,  D.L.S.,  A.L.S.,  Engr.,  Can.  Western  Natural 

Gas,  Light,   Heat  and  Power  Co.  Ltd.,  Calgary,  Alta.     (//)   211-6th  Ave. 

N.E.     (A.M.  1925) 
HEWARD,  F.  S.  B.,  B.Sc,  (McGill  '12),  Pres.,  F.  S.  B.  Heward   &  Co.  Ltd  , 

6fil  New  Birks  Bldg.,  Montreal,  Que.     (H)  1.541  St.  Mark  St.     (A.M.  1923) 
HEWITT,    H.4.ROLD    L.,    B.A.Sc,    (Tor.    '27),    Dept     Northern    Development, 

North  Bay,  Ont.     (H)  Apt.  4,  Colgan  Block.     (Jr.  1927) 
HEWITT,  Robert,  B.A.Sc,   (Tor.  '35),  Asst.  Res.  Engr.,  DufJerin  Paving  Co, 

Ltd.,  Kenora,  Ont.     (ff)  56  Roncesvalles  Ave.,  Toronto,  Ont.     (S.  1933) 
HEWSON,  Ewart  G.,   Engr.    Mtce.   of   Way,   C.R.,  C.N.R.,  433   Union   Sta., 

Toronto,   Ont.     (H)    41    Hewitt    Ave.     (S.    1907)     (Jr.    1914)    (M.  1917) 
HEWSON,   Jos    Seldon,   B.Sc,    (N.S.T.C.   '24),   Gen.   Contr.,   1201   Architects 

Bldg.,  Montreal,  Que.     (//)  4889  Grosvenor  Ave.     (A.M.  1932) 
HEWSON,  William  Geale,  B..\.Sc.,  (Tor.  '03),  Asst.   Mgr.,  Hamilton  Street 

Rly.,  18  Wentworth  St.  N,  Hamilton,  Ont.    (//)  125  Aberdeen  Ave.    (M.  1920) 
HEYGATE,   Harold  .].,  Director,  The  Warden  Bay  Estate  Ltd.,  Leysdown, 

Isle  of  Sheppey,  Kent,  England.     (//)  Warden  Lodge,  Leysdown.     (S.  1906) 

(A.M.  1911) 
cTHEYWOOD,   Herbert  P.,   Gen    Supt.,   Gee,   Walker    &   Slater   I-td.,   Contrs  , 

32  .lames  .St.,  London,  England      (H)  2  Rosebery  Ave  ,   Lincoln,  England. 

(Jr.  1917)      (A.M.  1920) 
HIBBARD,  F.  H.,  Chief  Engr.,  Quebec  Central  Rlv..  Sherbrooke,  Que.     (.H)  59 

Quebec  St.     (S.  1909)     (Jr.  1912)     (A.M.  1919) 
HICKS,  Ben.  C,  B.Sc,  (McGill  '27),  Elec.  Engr.,  Shawinigan  Water  and  Power 

Co.,  2131  Orleans  Ave.,  Montreal,  Que.     (//)  3455  Prudhomme  Ave.    (S.  1921) 

(Jr.  1928)      {A.M.  1935) 
HIGGINS,  Edgar  Clarence,  Asst.   Engr.,  H.E.P.C    of  Ont.,   Toronto,  Ont. 

(//)  2100  Gerrard  St.  E.     (Jr.  1921) 
HIGGINS,   Frank   Chipman,   B.Sc,   (Acadia  '14),   Sq.   Ldr.,   R.C.A.F.,   Dept. 

National  Defence,  Ottawa,  Ont.     (H)  105  Brighton  Ave.     (A.M.  1920) 
HIGGINS,  Thomas  Jas.,  Address  unknown.     (Jr.  1923) 

HILL,  Burton  M.,  MP.,  B.Sc,  (N.B.  '07),  Man'g  Dir  ,  Consolidated  Divers- 
ified  Standard   .Securities,   Rm.    805,    414    St.    .lames    St.,    Montreal,  Que. 

(.S.  1.907)      (A.M.  1912)      (M.  1919) 
HILL,  G.  RixON,  a/Asst.  Engr.,  Dept.  National  Defence,  Nakina,  Ont.  (//)  Box 

278,  Virden,  Man.      (Jr.  1917)      (A.M.  1931) 
HILL,   Stanley   C,   B.Sc,    (McGill   '21),    Protection   Engr.,   The   Shawinigan 

Water  and  Power  Co.,  Power  Bldg.,  Montreal,  Que.     (H)  4383  Girouard  Ave. 

(S.  1919)      (A.M.  1930) 
HILLIER,  Cecil  H.,  B.Sc,  (Queen's  '34),  Asst.  to  Mech.   Supt.,   Kellogg  Co. 

of  Canada,  London,  Ont.     (H)  496  Quebec  St.     (S.  1933) 
cTHILLMAN,  Daniel,  Lieut-Col  ,  D.S.O.,  Dist.  Engr.,  C.P.R.,  Rm.  148,  Windsor 

Sta.,   Montreal,  Que.     (H)    157  Ballantyne  Ave.   N.,   Montreal  West,  Que. 

(M.  1914) 

HILTON,  Leonard  A.,  B.Sc,   (Queen's  '29),  Elec.  Engr.,  H.E.P.C.  of  Ont., 

Niagara  Falls,  Ont.     (H)  2335  Dunn  St.     (S.  1928) 
HINCHLIFFE,  Jos.  E  ,  B.Sc,   (McGill  '26),  Dftsman.,  Hamilton  Bridge  Co. 

Ltd.,  Hamilton,  Ont.     (H)  R.R.  2,  Mono  Road,  Ont.     (S.  1924)     (Jr.  19g8) 

(A.M.  1934) 

HINTON,  Eric,  Hydraulic  Engr  ,  International  Power  and  Paper  Co.,  Deer 
Lake,  Nfld.     (Jr.  1932) 

HINTON,  Robert  E.,  B.Sc,  (Queen's  '13),  Asst.  Engr.,  Can.  Gen.  Elec.  Co., 

Peterborough,  Ont.     (H)  526  Homewood  Ave.     (Jr.  1919)     (A.M.  1926) 
d'HOBBS,  Wilfrid  E.,  Capt.,  D.L..S.,  MLS.,  Surveyor,  Land  Dept.,  Hudson's 

Bay   Co.,   93   Main   St.,   Winnipeg,    Man.     (H)    Lot   59,   Kildonan   R.R.   4. 

(S.  1910)     (Jr.  1912)     (A.M.  1919) 
rf-HODGINS,  A.  E.,  Lt.-Col.,  (R.M.C.,  Kingston),   1471   Fairfield  Rd,,  Victoria, 

B.C.     (A.M.  1887)     (M.  1904)     (Life  Member) 
HODGSON,   .los.    Pollard,    Partner,   Hodgson,   King    &   Marble,   Engrs.   and 

Contractors,   1401    Main  St,   Vancouver,  B.C.     (//)   402  Brand  St.    (A.M. 

1016)      (M.  1019) 

d"HODSDON,  Donald  Wilbur,  Lieut.,  B.C.L.S.,  Res.  Engr.,  P.G.E.  Rly., 
Squainish,  B.C.  Address:  c/o  Assoc,  of  Prof.  Engrs.  of  B.C.,  930  Birks 
Bldg.,  Vancouver,  B.C.     (A.M.  1919) 

d'HOGARTH,  Bruce  Bowers,  B.A.Sc,  (Tor.  '14),  Engr.,  Water  Power  and  Water 
Rights,  Dept  of  Mines  and  .Nat.  Res,,  Man.,  Legislature  Bldg.,  Winnipeg. 
Man.     (//)  366  Brock  .St.     (S.  1913)     (Jr.  1915)     (A.M.  1919) 

cTHOGARTH,  C.  Earle,  Lieut.,  B.A.Sc,  (Tor.  '15),  Sales  Engr.,  Toronto  Iron 
Works,  Ltd  ,  (529  Eastern  Ave.,  Toronto,  Ont.  (H)  74  Caroline  .St.  E  ,  Bur- 
lington, Ont,      (S.  1014)      (Jr.  1916)      (A.M.  1919) 

IHKiAUTll,  Geokoe,  (Tor.  '09),  O.L.S.,  Mfrs.'  Agent,  514  Markham  St., 
Toronto,  Ont.     (Jr.  1011)     (A.M.  1913)     (M.  1918) 

HOGG,  Sidney,  Designing  Engr.,  .Saint  John  Drydock  Co.  Ltd.,  Saint  John 
N.B.     (//)  173  Princess  St.     (A.M.  1931) 

HOGG.  Thos  H.,  D.Eng.,  '27,  B.A.Sc,  C.E.,  (Tor.  '07),  Chief  Hydraulic  Engr., 
HE. PC.  of  Ont.,  620  University  Ave.,  Toronto,  Ont.  (//)  R.R.  No  2, 
Station  K.     (H.  1904)     (A.M.  1912)     (M.  1922) 

(/'1I(^LDCR(JFT,  John  Barber,  Lieut.,  Engr.  and  Asst.  Mgr.,  Pacific  Coast  Pipe 
Co.  Ltd.,  1551  Granville  St.,  Vancouver,  B.C.  (H)  832  Cumberland  Crescent 
(jJr.  1012)      (A.M.  1913) 


HOLDEN,  John  C,   (R.M.C.,   Kingston  '96),   Dist.   Engr.,  C.P.R  ,   Winnipeg, 

Man.     (A/)  111  Gerard  St.     (A.M.  1908)     (M.  1919) 
HOLDEN,  J.  Hastie,  B  Sc,  (McGill  '23),  Sales  Mgr.,  Geo.  W.  Reed  &  Co.  Ltd  , 

4107  Richelieu  St.,   Montreal,  (Jue.     (H)  4335  Montrose  Ave.,  Westmount, 

Que,      (.S,  1921)      (Jr.  1030) 
HOLDEN,  Otto,  B.A.Sc,  (Tor.  '13),  Asst.  Hydraulic  Engr  .  H.E.PC.  of  Ont  , 

Toronto,  Ont.     (//)  R.R.  No.  2,  York  Mills,  Ont.     (A.M.  1921) 
HOLDER,  A.  S  ,  B.Sc,  (N.S.T.C    '34),  Can.  Industries  Ltd.,  Shawinigan  Falls, 

Que.     (//)  61  Maple  Ave.     (A*.  1931) 
HOLDER,  Georoe  Wm.,  Mgr.,  .\bitibi   Power  and  Paper  Co.,  Sturgeon  Falls, 

Ont.  Box  306.      (Jr.  1021)      (A.M.  1930) 
HOLE,  John,  Cons.  Engr.  and  .\rch.,  305  Harbour  Commrs,  Bldg.,  Toronto,  Ont 

(A.M.  1.923)      (M.  1031) 
HOLE,  W.  G  ,  B.Sc.  (Alta.  '33),  9421-108  A  Ave  ,  Edmonton,  Alta.     (S.  1032) 
HOLGATE,  W.  T.,  B.Sc,  (Alta.   '30),  Sales  Engr.,  Can.  Gen.  Elec  Co.  Ltd., 

214  King  St.  W.,  Toronto,  Ont.     (//)  103  Strathmore  Blvd.     (Jr.  1931) 
cf  HOLLAND,  Albert,   Lieut ,   10  John's  Rd.,  Queen's  Park,  Chester,  England. 

(S.  1908)     (A.M.  1915) 
cTHOLLAND,   Franklin  E.,   Lieut.,   C.E.,    (Cornell  '12),   Sales  Engr.,   Sherwin 

Williams   Co.    of   Canada,    Ltd.,    Montreal,   Que.     (H)    2182   Lincoln   Ave. 

(A.M.  1922) 
HOLLAND,  Trevor.  B.Eng.,  (Mojill  '.32),  Plant  Engr.,  Brandram-Heuderson 

Co.,  Montreal,  Que.     (H)  3749  The  Boulevard,  Westmount,  Que.    (S.  1929) 
HOLLINGWORTH,  Wilfrid,  Pres.  and  Mgr.,  Hamilton  Contracting  Co.  Ltd., 

506  Imperial  Bldg.,   Hamilton,  Ont.     (H)   180  Hillcrest  Ave.     (A.M.  1909) 

(M.  1914) 
cTHOLLOWAY,  Edward  S.,  B.Sc,  (McGill  '08),  i/c  Surveys,  Dr.  F.  A    Gaby, 

608  University  Tower  Bldg.,  Montreal,  Que.     (H)  461  Grosvenor  Ave.,  West- 
mount,  Que.     (.S.  1.905)      (A.M.  1010)     (M.  1.928) 
HOLMAN,  Clive  W..  Technical  and  Commercial  High  School,  Sault  Ste  Marie, 

Ont.     (H)  152  Kohler  Ave.     (A.M.  1934) 
HOLMES,  Arch.   R.,   B.Eng.,   (King's  '95),  360  Lytton  Blvd.,  Toronto,  Ont. 

(S.  1895)      (A.M.  1001)     (M.  1919) 
HOLMES,  J.  R  ,  B.Sc,  (McGill  '29),  Sales  Engr.,  Robbins  &  Myers  of  Canada, 

Ltd.,    1106    Beaver    Hall    Hill,    .Montreal,    Que      (//)    11-A    Querbes    Ave. 

(S.  1929) 
HOLT,    Sir    Herbert   S.,    D.C.L.,    LL.D.,    Chairman,    Montreal   Light,    Heat 

and    Power   Cons.,    Montreal,    Que.     (H)    1459    Stanley    St.     (A.M.    1889) 

(M.  1880) 
HOOD,  G.  Leslie.  B.Sc,  (Man.  '32),  Howey  Gold  Mines  Ltd.,  Red  Lake,  Ont. 

(H)  Glen  Ewen,  Sask.     (S.  1930) 
HOOPER.  Wm.  Henry,  (McGill  '27),  Canada  Wire  and  Cable  Co.  Ltd.,  Leaside, 

Ont.     (H)  17  Macnaughton  Rd.     (.S.  1928)     (Jr.  1929) 
(fHOOVER,  Owen  Hugo,  B.A.Sc,  (Tor.  '12),  Engr.  i/c,  Dora.  Water  Power  and 

Hydrometric  Bureau,  Dept.  Inter.,  Public  Bldg.,  Calgary,  Alta.     (H)  1411- 

4th-A  St.  N.W.     (A.M.  1921)     (M.  lO-io) 
tHOPKINS,  Marshall  W.,  Private  Practice,  St.  Paul  de  Metis,  Alta.     (.S,  1887) 

(A.M.  1891)     (M.  1901)     (Life  Member) 
HOPPER,    Alfred   Edward,   Alonzo   Ave.,    Highland    Park,    Westboro,   Ont. 

(M.  1923) 
HORNFELT,  Harvey  A.,  B.A.Sc,  (Tor.  '35),  H.E.P.C.  of  Ont.,  Fraserdale. 

Ont      (H)  45  Sussex  Ave.,  Toronto,  Ont.     (S.  1935) 
HO RS FALL,  Herbert,  Pres.  and  Man'g.  Dir  ,  Canada  Wire  and  Cable  Co  . 

Box  518,  Toronto,  Ont.     (H)  126  Forest  Hill  Rd.     (A.M.  1918)     (M.  1921) 
d^HOSHAL,  Geo.  C,  Lieut.,  B.A.Sc,  (Tor.  '10),  Estimating  Engr.,  Wells  &  Gray, 

Ltd  ,   703   Confederation   Life   Bldg.,   Toronto,  Ont.     (H)   492   Windermen 

Ave.     (S.  1907)      (A.M.  1913) 
HOUGH,  Ayton  Lloyd,  B.Eng.,  (McGill  '33),  Cascade  Inn,  Shawinigan  Falls, 

Que.     (S.  1933) 
HOUGHTON,   John  R.,  B.Eng.,   (McGill  '35),   Northern  Electric  Co.   Ltd., 

Montreal,  Que.     (H)  730  Upper  Belmont  Ave.,  Westmount,  Que.    (S.  19SS) 
d'HOUGHTON,  John  William,  Lieut.,  Gen.  Sales  Engr.,  C.  A.  V.  Bosch  Ltd.. 

Warple    Way.    .\cton,    London,    W.3.     (H)    ".\rlington,"    AUandale    Ave., 

Finchley,  London,  N.3.     (A.M.  1919) 
HOUGHTON,  T.  Walter,  B.Eng.,   (McGill  '.32),   Howard  Smith  Paper  Mills 

Ltd.,  Beauharnois,  Que.     (H)  730  Upper  Belmont  Ave.,  Westmount,  Que. 

(S.  1931) 
HOUGHTON,   Walter   Craig,    (R.M.C,    Kingston),   Lieut.,   R.C.O.C.   H.Q., 

M.D.  No.  10,  Winnipeg,  Man.     (S.  1.934) 
HOULDEN,  J.  W.,  B.Sc,  (Queen's  '27).  Ballistic  Engr.,  Can.  Industries  Ltd., 

Brownsburg,  Que.     (S.  1927)     (Jr.  1029) 
d'HOULLSTON,  John  (q),  Lt.-Col.,  D.S.O.,  12  Park  Rd.,  Rockcliffe  Park,  Ottawa. 

Ont.      (S.  1898)     (A.M.  1900) 
HOU.STON,  Gavin  N.,  C.E.,  Supt.,  Oper.  and  Mtce,  Dept.  Nat.  Res..  C.P.R., 

Gait  Mines  Bldg..  Lethbridge,  Alta.     (H)  1018-lst  Ave.  S.     (M.  1914) 
HOVEY,   L.   M.,   B.Sc,   (McGill  '25),  .A.sst.  Elec  Engr,  Winnipeg  Electric  Co., 

1010  Electric  Rly.   Chambers,  Winnipeg,   Man.     (H)   836   Dorchester  Ave. 

(.S.  1921)     (A.M.  1931) 
HOWARD,  Albert  Warren,  B.A.Sc,  (Tor.  '35),  2132  Hope  St.,  Calgary,  Alta. 

(.S.  1931) 
HOWARD,  L.  J.  M.,  .Supt'g.  Engr.,  Beechwood  Cemetery  Co.,  202  Beechwood 

Ave.,  Rockcliffe  Park,  Ottawa,  Ont.     (A.M.  1917) 
HOW.\RD,  Rupert  Fortescue,  B.Sc,  (McGill  '01),  Mgr.,  Power  Sales,  Gatineau 

Power  Co..  140  Wellington  St.,  Ottawa,  Ont.     (//)  377  Daly  Ave.     (M.  1922) 
G.tHOWARD,  Stuart,  Major,  Apt.  3,  4.56  Pine  Ave.  W..  Montreal,  Que.   (M.  1887) 

(Life  Member) 
HOWE,    Clarence    Decatur,    The    Hon.,    B.Sc,    (M.I.T.    '07),    Minister    of 

Railways    and    Canals    and    Minister    of    Marine;    Man'g.    Partner,    C.    D. 

Howe   &  Co.,  707  Whalen  Bldg,  Port. \rthur,  Ont.     (M.1922) 
HOWE,  H.  B.,  E.   Long  Engineering  Wks.,  Orillia,  Ont.     (H)   West  Shefford. 

Que.     (S.  193.'>) 
HOWE,  Lawrence  McLean,  B.Sc,  (Man.  '33),  M.Eng..  (McGiir35),  Operator, 

Sask.  Power  Comm.,  1739  Cornwall  St.,  Regina,  Sask.     (S.  1932) 
HOWORTH,  John,  100  Elm  Park  Rd.,  Winnipeg,  Man.     (S.  1930) 
HOWRIGAN,  Clyde  P.,  Supt.  of  Excav.,  Aluminum  Co.  of  Canada,  o/o  Deme- 

rara  Bauxite  Co.,  McKenzie,  British  Guiana.     (H)  Bakersfield,  Vt.     (A.M. 

1917) 
d''HUBBARD,  Edward  Beane,  B.A.Sc,  (Tor.  '25),  H.E.P.C.  of  Ont.,  620  Univer- 
sity Ave.,  Toronto  2,  Ont.     (H)  461  Parkside  Drive.     (S.  1020)     (A.M.  1927) 
HUBBARD,  Frederick  William,  Engr.,  Dom.  Construction  Co.,  101  Catharine 

St.  So.,  Hamilton.  Ont.     (H)  127  Fairleigh  Ave.  So.     (A.M.  1919) 

d'HUDSON.  Arthur  Maqennis,  Capt.,  Dept.  of  Northern  Development,  3502 
Parliament  Bigs.,  Toronto,  Ont.     (A.M.  1936) 
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HUESTl.S,  Hahuv  E.,  B.A.Sc,  (MoGill  '96),  Asst.  Gen.  Mgr.  and  Chief  Engr  , 

Quebec  Hiirbour  Commrs.,  Quebec,  Que.     (A.M.  1905) 
HUCiGARD,  .1.  HutoLi),  M.Sc,  (N.U.  '35),  Norton,  Kings  Co.,  N.H.    (.S.  Wd''>) 
HUCiCINS,  M.utK  Wm.,  M.A..SC.,  (Tor.  '33),  Emki,,  IC.  P.  Muntz  Ltd.,  Box  357, 

Uundas,  Ont.     (//)  240  LisKar  .St.,  Toronto,  Ont.     {Jr.  10.M) 
cfHUGHES,  Chestkr  Ahthuk,   M.A.Sc,   (Tor.  '22),  A.sst.  Prof,  of  Strl,  Engrg., 

I'niv.     of     NIinne.sota,     Experimental     EngrK.     Hldg.,     Minneapolis,     Minn. 

(Jr.   I.')£l)      (.l.M.  lll.il)) 
d'HUGHES,  Edwaru,  2nd   Meat.,   Mayerthorpe,  Alta.     (Jr.   IIJ17)    (A.M.  1921) 
cTHlIGHES,  Henhy  Thoueshy,  Hrig. -Gen.,  CM. G.,  D.S.O., Chief  Engr,  Canadian 

Battlefields  Memorials  Conini.     (//)  East  .Saanioh  Rd.,  Royal  Oak,  V.I.,  B.C. 

(A.M.  1899)      (M.  1925) 
HUGHES,   Ja.s.    W.,   Elec.   Engr.,   C.P.R.,   Rm.   903,   Windsor  Sta.,    Montreal, 

Que.     (//)  Apt.  4,  1420  Bernard  Ave.  W.     (A.M.  192.',) 
HUGHES,    Philip   Bernakd,    B.Sc,    (M-Oill   '2i>),   The    Pleisisville   Foundry, 

714  St.  James  St.  W.,  Montreal,  (Jue.      (S.  1927) 
HUGHSON,  H.  G.,  B.Sc,  (N.B.  '32),  Petitcodiac,  N.B.      (S.  1932) 
cfHUGHSON,   ,IoHN   Ward,   Capt.,   B.Sc.,    (McGill  '12),    Mgr.   and   Sec.-Treas., 

W.  C.  Hughson  &  Sons,  Ltd.,  707  Hope  Chambers,  Ottawa,  Ont.     (H)  293 

Stewart  St.      (A.M.  1921) 
cfHUGHSON,  William  R.,  B.A.,  B.Sc,  (Queen's  '17),  100  Glen  Ave.,  Ottawa,  Ont. 

(A.M.  1921) 
c/'HUGLL  Edwin  E.  H.,  B.A.Sc.,  (Tor   '14),  Asst.  Strl.  Designing  Engr.,  H.E.P.C. 

of  Ont.,   620   University   Ave.,   Toronto,   Ont.     (H)   356-A   Kingswood   Rd. 

(-S'.  1913)      (Jr.  1920)      (A.M.  1923) 
HULBERT,  Edward,   B.Sc,   (Man.   '31),    Lieut.,   R  C.S.,   Dist.   Signal  Officer, 

M.D.  13,  Calgary,  Alta.      (H)  Bethany,  Man.     (.S'.  1931) 
HULL,   Roland   S.,   B.Sc,   (N.S.T.C.   '.32),    194   Reid  St.,   Peterborough,   Ont. 

(//)  P.O.  Box  72,  Woodstock,  N.B.     (S.  1931) 
HULME,  Gordon  D.,  B.Sc,  (McGill  '31),  Shawinigan  Water  and  Power  Co., 

Montreal,  Que.     (H)  3411  Grey  Ave.     (S.  1928) 
cTHUMBLE,  Archibald  Marshall,  Capt.,  Designing  Dftsman.,  Toronto  Har- 
bour Commrs.,  Harbour  St.,  Toronto,  Ont.   (H)  25  Bingham  Ave.  (A.M.  1930) 
cfHUME,  D.  C.  M.,  Squadron  Leader,  R.C.A.F.,  Camp  Borden,  Ont.   (A.M.  1923) 
HUMPHREYS,  Jas.  John,  Chief  Engr.,  Gas  Dept.,  Montreal  L.H.  and  P.  Cons., 

Montreal,  Que.     (H)  Apt.  B-35,  Trafalgar  Apts.,  The  Boulevard.    (M.  1929) 
HUMPHRIES,  Geo.  Edward,  Edwards  Gold  Mines,  Ltd.,  Lochalsh,  Algorna, 

Ont.     (Jr.  1930) 
HUNGERFORD,  Samuel  James,  Pres.,  C.N.R..  355  McGill  St.,  Montreal,  Que. 

(M.  1919) 
HUNT,  Albert  Brewer,  B.A.Sc,  (Tor.  '2S),  Northern  Electric  Co.  Ltd.,  1261 

Shearer  St.,  Montreal,  Que.     (//)  5275  Cote  St.  Luc  Rd.    (S.  1926)     (Jr.  1931) 
HUNT,  Edward  Victor,  B.Sc,  (Man.  '31),  Can.  Gen.  Elec.  Co.  Ltd.,  Daven- 
port Wks.,  Toronto,  Ont.     (H)  240  Rushton  Rd.     (S.  1928)     (Jr.  1934) 
HUNT,    John,    B.Sc,    (St.    Andrews    '27),    Chief    Mech.   Engr.,  Falconbridge 

Nickel  Mines,  Falconbridge,  Ont.     (Jr.  1930) 
HUNT,  Walter  George,  B.Sc,   (C.E.),  (McGill  '17),  Pres.  and  Man'g.   Dir., 

Walter  G.  Hunt  Co.,  Ltd.,  1405  Bishop  St.,  Montreal,  Que.     (H)  517X  Cote 

St.  Antoine  Rd.     (S.  1916)     (Jr.  1919)      (A.M.  1922)     (M.  1932) 
cfHUNT,  William  Henry,  Major,  M.C.,  Ruddock  Cottage,  Witton  Park.  Black- 
burn, Lanes.,  England.     (A.M.  1910)     (M.  1925) 
HUNT,  Wm.  M.,  B.Sc,  (N.S.T.C.  '33),  Maritime  Tel.  and  Tel.  Co.  Ltd.,  Halifax, 

N.S.     (H)  39  .Spring  Garden  Rd.     (S.  1934) 
HUNTER,  James  Henderson,  Gen.  Supt.  and  Chief  Engr.,  Canada  Starch  Co., 

Montreal,  Que.     (H)   731   Upper  Belmont  Ave.,  Westmount,   Que.     (A.M. 

1908)      (M.  1923) 
HUNTER,  John  Wm.,  B.Sc,  (McGill  '96),  81  Gore  St.,  Kingston,  Ont.     (A.M. 

1907) 
HUNTER,  Lionel  McL.,  Roadway  Engr.,  City  Engr.'s  Dept.,  Corp.  of  City  of 

Ottawa,  Ottawa,  Ont.     (H)  7  Willard  Ave.     (Jr.  1913)      (A.M.  1932) 

cfHUNTER,  Wm.   Howard,  Capt.,  B.A.Sc,   (Tor.  '20),  Supt.,  The  Foundation 
Co.,  of  Canada,  1538  Sherbrooke  St.  W.,  Montreal,  Que.     (A.M.  1922) 

HURDLE,  Harold  Lancelot,  B.Sc,  (Alta.  '33),  Calgary  Power  Co.  Ltd., 
107  Commercial  Bldg.,  Edmonton,  Alta.     (H)  16  Tipton  Blk.     (S.  1933) 

HURST,  Wm.  D.,  B.Sc,  (Man.  '30),  Asst.  Engr.,  i/c  Waterworks,  City  of  Win- 
nipeg, 223  James  Ave.,  Winnipeg,  Man.  (H)  78  Queenston  .St.  (S.  1927) 
(A.M.  1935) 

HURST,  Wm.,  Pres.  and  Mgr.,  Hurst  Engineering  and  Construction  Co.  Ltd., 
101  Hurst  Block,  Winnipeg,  Man.     (H)  74  Ethelbert  St.     (Affil.  1928) 

HURTUBISE,  J.  E.,  B.A.,  I.C,  B.Sc.A.,  340  Kensington  Ave, Westmount, Que. 
(S.  1934) 

HURTUBLSE,  Louis,  B.A.Sc,  c/o  Johnson  &  Ward,  Royal  Bank  Bldg.,  Mont- 
real. Que.     (S.  1903)     (A.M.  1909) 

HUSSEY,  Erwin  H.,  (Maine  '07),  Pres.,  Kemide  Mfg.  Co.  Inc.,  Port  Kennedy, 
Pa.     (H)  76  Hillside  Rd.,  StrafTord,  Pa.     (M.  1923) 

d'HUTCHESON,  Walter  B.,  Lieut.,  Dist.  Engr.,  Dept  of  Northern  Development, 
Fort  Frances,  Ont.     (Jr.  1916)     (A.M.  1920) 

HUTCHINS,  F.  M.,  3524  Ontario  Ave.,  Montreal,  Que.     (S.  1925) 

HUTCHINSON,  W.  J.  B.,  B.Sc,  (McGill  '30),  Bell  Telephone  Co.  of  Canada, 
Ltd.,  Montreal,  Que.     (H)  Apt.  14,  5880  Cote  St.  Antoine  Rd.     (.S.  1928) 

HUTCHISON,  Alexander,  B.Sc,  (Glasgow),  Vice-Pres.,  Drummond,  McCall 
&  Co.,  Ltd.,  930  Wellington  St.,  Montreal,  Que.  (H)  4294  Montrose  Ave., 
Westmount,  Que.     (S.  1908)     (A.M.  1914) 

HUTCHISON,  David,  B.Sc,  (Queen's  '24),  Constrn.  Supt.,  Power  Corp.  of 
Canada,  355  St.  James  St.,  Montreal,  Que.  (H)  49  Joyce  Ave.,  Outremont, 
Que.     (A.M.  1932) 

HUTTON,  John  R.,  B.Sc,  (N.S.T.C.  '27),  Can.  Westin^house  Co.,  Ltd.,  Hamil- 
ton, Ont.     (H)  Apt.  20,  123  Bold  St.     (S.  1925) 

cfHUTTON,  L.  A.  B.,  Supt.  of  Communications,  C.P.R.,  Sudbury,  Ont.     (H)  48 
Roxboro  Drive.     (A.M.  1022) 

HYDE,  Arthur  E.,  101  Newlands  Ave.,  Hamilton,  Ont.      (S.  1934) 

HYLLAND,  Einar  N.,  C.E.,  (Trond.  '29),  Designer,  Beauharnois  L.H.  and  P. 
Co.,  P.O.  Box  50,  Beauharnois.  Que.     (Jr.  1930) 

HYMAN,  H.  Davidson,  B.Sc,  (McGill  '25),  Wks.  Engr.,  J.   R.  Booth  Ltd., 

Ottawa,  Ont.     (H)  120  Sunnyside  Ave.     (Jr.  1926) 
HYMMEN,  Edmond  B.,  M.A.Sc,  Babcock-Wilcox   &  Goldie-McCulloch  Ltd., 

Gait,  Ont.     (H)  125  Blair  Rd.     (S.  1930) 

HYNDM.4N,  Walter  Eardley,  Dist.  Engr.,  D.P.W.,  Canada,  Charlottetown, 
P.E.I.     (H)  25  Fitzroy  .St.     (M.  1924) 


IDSARDI,   Harold,   B.Sc,   (McGill  '05),  Engr.,   Mech    Uept.,   Mclntyre   Por- 
cupine Mines,  P.O    Box  2363,  Timmins,  Ont.      (,S    1902)     (A.M.  1910] 
INGHAM,  J.   H  ,  B.Eiig  ,  (McGill  '35),  Dom    Bridge  Co.  Ltd.,  Lachine,  iiue. 

(.//)  4034  Dorchester  St.  W.,  Westmount,  Que.     (S.  19.i3) 
, /'INGLES,  Cham,   .Ias.,  Col.,   D.S.(J,,   VI),   :V.n   P.irkside   Drive,  Toronto,  Ont. 

(A.M.  1909) 
INGLES,  Chas.  L.,  B.Sc,  (Queen's  '34),  Lieut.,  R  (XK  ,  .MI)    13,  Calgarv,  .Vita. 

(S.  1932) 
INGS,  Jasper  H.,  B.A.Sc,  (Tor.  '25),  (C.E.  '30,  Foreman,  i/c  Project  90,  Dept. 

National   Defence,    Emsdale,   Ont.     (H)    Charlottetown,    P.E.I.     (S.    1920) 

(Jr.  1927)      (A.M.  1930) 
INNES,  E.  P.  N.,  B.Eng.,  (McGill  '34),  5l>  Charlton  .\ve.  W.,  Hamilton,  Ont. 

(.5.  1935) 
IRETON,  Jos.  Maurice,  B.Sc,  (Queen's  '28),  Calgary  Technical  High  School, 

Calgary  School  Bd.     .\ddress,  536-15th  Ave.  W.,  Calgary.  Alta.     (Jr.  1929) 

(A.M.  1932) 
cflRVINE,  Frederick,  Engr.  Sub-Lieut.,  Asst.  Engr.,  F.  S.  B.  Heward  &  Co.  Ltd., 

661  New  Birks  Bldg  ,  Montreal,  Que.     (H)  4568  Draper  Ave.     (A.M.  1922) 
cflRVINE,  Joseph  Holmes,  Capt.,  B.Sc,    (Man.),    Designing    Engr.,  City  of 

Ottawa,    Transportation    Bldg.,    Ottawa,    Ont.     (H)    2.36    Holrawood    Ave. 

(S.  1911)     (A.M.  1917) 
tIRVING,  T.  T.,  B.Sc,  (McGill  '98),  Chief  Engr.,  Central  Region,  C.N.R.,  436 

New  Union  Sta.,  Toronto  2,  Ont.     (H)  625  Avenue  Rd.     (S.  1898)     (A.M. 

1902) 
cflRWIN,  GiFFORD  Melville,  Lieut.,  B.Sc,  (McGill  '19),  B.C.L.S.,  City  Engr. 

and  Water  Commr.,  City  of  Victoria,  City  Hall,  Victoria,  B.C.     (//)   321 

Robertson  St.     (M.  1935) 
IRWIN,   Karl  Webster,   M.A.Sc,  C.E.,   Asst.   Toll  Engr.   (C.N.   Div.),   Bell 

Telephone  Co.  of  Canada,  Toronto,  Ont.     (H)  23  Elmsthorpe  Ave.     (S.  1923) 

(Jr.  1928) 


Jack,  Grant  R  ,  Commr.  of  Works,  The  Corp.  of  the  Township  of  East  York, 

443  Sammon   Ave  ,  Toronto  6,  Ont.      (H)   787  Coswell  Ave.      (A.M.   1918) 
cf'JACKSON,  Arthur.  Lieut.,  B.Sc,  (Queen's  '16),  Assoc  Prof,  of  Drawing,  Queen's 

University,  Kingston.  Ont.     (//)  317  King  St.  W.      (A.M.  1920) 
JACKSON.   Carl   Henry,   B.Sc,    (McGill   '21),   Engr.,   Can.    Industries    Ltd  , 

Beaver  Hall  Bldg.,  Montreal,  Que.     (H)  2317  Wilson  Ave.     (S.  1921)     (Jr. 

1923)      (A.M.  1934) 
JACKSON,  Charles  H.,  B.A.Sc,  (Tor.  '23),  Prod.  Mgr  ,  Ammun.  Divn.,  Can. 

Industries  Ltd.,  Brownsburg,  Que.     (Jr.  1928)     (A.M    /,'«.5) 
JACKSON,  John  E.,  35  Cromwell  Rd.,  London,  S.W.,  England      (S-  1929) 
JACKSON,    John   H.,    O.L.S.,    621    Ellis   St.,    Niagara   Falls,    Ont.      (S.  1899) 

(A.M.  1905)     (M.  1932) 
JACKSON,   K.   A.,   B..Sc,    (Alta.   '32),      (M.Sc.   '34),   Taylor   &  Pearson   Ltd., 

Edmonton,  Alta.     (H)   10039-106th  St.,  Edmonton,  Alta.      (.S.   1932) 
JACKSON,    Walter,    B.A.Sc,    (Tor.    '09),    Dist.    Civil    Engr.,    H.E.P.C.     of 

Ontario,  Box  237,  Niagara  Falls,  Ont.     (H)  700  Eastwood  Crescent.     (.S.  1907) 

(A.M.   1913)     (M.   1923)     (Member  of  Council.   E.I.C.) 
JACKSON,  William,  Apt.  1,  895  Dollard  Ave.,  Outremont,  Que.     (A.M.  1928) 
JACOBS,  Lionel  Leslie,  Pres  ,  Electrol  Inc.,  934  Main  Ave.,  Clifton,  N.J.      (H) 

Sunnylands,  Little  Silver,  N.J.      (A.M.  1919) 
JACOBS,   Llewellyn  C,  B.A.,   (Man.,  '05),  Constrn.   Mgr.,   Power    Corp.    of 

Canada,  Ltd.,  355  St.  James  St.,  Montreal,  Que.      (H)    146  Wolseley  Ave., 

Montreal  West,  Que.     (S.  1908)     (Jr.  1911)      (A.M.  1912)     (M.  1921) 
JACOBS,  Milton,  Chief  Engr.,  Brown  Co.,  Berlin,  N.H.     (H)  162  Washington 

St.      (M.  1931) 
JACOBSEN,  E.  R.,  B.Sc,  (McGill  '29),  (M.Eng.  '32),  Dom.  Bridge  Co.  Ltd., 

Lachine,  Que.      (.S.  1928) 
cTJAMES,    David    Harries,    Indust.  Engrg.    Dept.,    Canadian    Vicliers,   Ltd., 

Montreal,  Que.      (H)  1036  Laurier  Ave.  West.     (A.M.  1926) 
cTJAMES,   Edward    Henry,    Lieut.,    Partner,   A.    D.   Swan,   Cons.    Engr.,    1188 

Phillips  Place,  Montreal,  Que.     (H)   1541  Sherbrooke  St.  W.     (A.M.  1921) 

(M.  1926) 
JAMES,  Eric  W.  M.,  Highway  Commr's  Office,  Parliament  Bldgs.,  Winnipeg, 

Man.      (H)  255  Balfour  Ave.     (S.  1909)      (A.M.  1913) 
J.\MES,    Harold   H.,    Dftsman.,  Canada  Creosoting   Co.,  Royal   Bank    Bldg., 

Toronto,  Ont.      (H)  368  Shaw  St.     (A.M.  1924) 
J.AMES,  William  Atlee,   Asst.   Chief  Engr.,   C.P.Ry.,   Winnipeg,   Man.     (H) 

Lydiatt,  Man.      (M.  1909)     (Life  Member) 
G.tJAMIESON,   James  A.,  Cons.   Engr.,   Board  of  Trade  Bldg.,   Montreal,  Que. 
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LYS,  Chas.  Robt.,  Dist.  Engr.,  Redam.  Br.,  Prov.  Govt.,  Rm.  316.  Parliament 

Bldgs.,  Winnipeg,  Man.     (//)  246  Conway  St.     (A.M.  1920) 
cTLYSTER.   Horace   M.,   Lieut.,   M.C.,   B.Sc,   (McGill  '13),   Gen.    Mgr  ,   Dom. 

Welding   Engineering   Co.    Ltd.,   P.O.    Box   594.    Montreal.   Que      (H)    48.') 

Strathcona  .\ve  ,  Westmount,  Que.     (A.M.  1920) 


cfMAcAFEE,  Ralph  Evans    .Major,  M.C.,  B.Sc,  (McGill  '10),  Mgr..  Eastern  Br., 

Babcock-Wileox  &  Goldie-McCuUoch,  Ltd.,  312  Canada  Cement  Bldg,  P.O. 

Box    3040.    Montreal,    Que.     (//)    41.56    Dorchester    St.    W.     (A.M.    1920) 

(M.  1931) 
McALL.  He.nry  W  ,  Res.  Engr.,  Waterfront  Viaduct,  Dept.  Rys.  and  Bridges. 

City  of  Toronto,  City  Hall,  Toronto,  Ont.     (H)  134  Farnham  Ave.    (M.  1913) 
M.\CALLUM,    Andrew   Fullehton,   B.A  Sc,   C.E  ,    (Tor.    '96),   Cons.   Engr  , 

Municipal   and    Gen.    Engrg.,   612    Bank   St.,    Ottawa,    Ont.     (A.M.    1907) 

(M.  1908) 
McALPINE,  Robert  F.,  B.Sc,  (N.S.T.C.  '28),  93  Cromarty  St.,  Sydney,  N.S 

(Jr.  1929) 
McANDREW,  Jos.   B.,   B.A.Sc,    (Tor.   '12),    ,Asst.    Designing   Engr.,    Welland 

Ship  Canal,  70  Church  .St.,  St    Catharines,  Ont.     (A.M.  1919) 
McARA,  Peter  Graham,  B.Sc,  (Sask.  '29),  .\sst.  Supt.,  W.W.  Dept.,  City  of 

Regina,  Sask.     (//)  179  Angus  Cres.     (A.M.  1934) 
d'MACAULAY,   Robt.   Vernon,   Lieut.,    M.C,   B.A.Sc,    (Tor.    '12),   Asst.  Vice- 

Pres.,  Bell  Telephone  Co.  of  Canada.  Montreal,  Que.     (//)  727  Roslyn  Ave  , 

Westmount.  Que.     (M.  1927) 
Mc.VRTHUR,  Duncan,  Principal  Engr.,  Surveyor,  British  Corp'n.  Register  of 

Shipping  and  Aircraft,  360  Place  Royale,  Montreal,  Que.     (H)   1374  .Sher- 

brooke  St.  W.     (M.  1921) 
McARTHUR,  Franklin,  B.Sc.  (Queen's  '07),  Pres..  The  McArthur  Engineering 

and   Construction   Co.   Ltd.,    15   Douglas   St.,   Guelph,   Ont.     (A.M.   1909) 

(M.  1919) 
McAVITY,  G.  Clifford,  T.  McAvity  Sons,  Ltd.,  Saint  John,  N.B.    (H)  Rothe- 
say, N.B.     (AMI.  1919) 
MacBRIDE,  Duncan,  Gen.  Mgr.,  Victoria  Cold  Storage  and  Terminal  Ware- 
house Co.  Ltd.,  Odgen  Point  Docks,  Victoria,  B.C.     (H)  661  Newport  Ave. 

(.4..1/.  1929) 
McBRIDE,  Ernest  Willard,  B.A.Sc,   (Tor.  '23),   Technical   Engr.,  Abitibi 

Power  and  Paper  Co.,  Ltd.,  Toronto,  Ont.     (H)  86  High  Park  Ave.    (S.  1920) 

(Jr.  1928) 

McCABE,  R.  I.,  B.Sc,  (McGill  '30),  4914  Grosvenor  Ave.,  Westmount,  Que. 

(S.  1928) 

cfMcCAGHEY,  Norman  F.,  Major,  D.S.O.,  M.C,  Supt.,  Price  Bros.  &  Co.,  Ltd., 

Box  8,  Riverbend,  Que.     (S.  1913)     (Jr.  1920)     (A.M.  1923) 
McCALL,  Alan  D.,  B.Sc,   (McGill  '24),  619  Clarke  Ave.,  Westmount,  Que 

(S.  1923) 
McCALL,  Thos.  Lockhart,  Chief  Mining  Engr.,  Dominion  Steel  and  Coal  Corp., 

Ltd.,  Sydney,  N.S.     (H)  186  Kings  Rd.     (M.  1930) 
cf  McCAMMON,  John  Whyte,  Lieut.,  B.Sc,  (McGiiri3),  Consultant,  11  Belfrage 

Rd.,  Westmount,  Que.     (Jr.  1913)     (A.M.  1924) 
McCANN,    Edward   Howard,    B.Eng.,    (McGill   '34),    Can.    Industries   Ltd., 

Brownsburg,  Que.     (H)  2517  Wallace  St.,  Regina,  Sask.     (S.  1934) 
.McCANN,  Wm.   Neil,  B.Sc,   (Man.   '34),  Water  Development  Coram.,   Swift 

Current,  .Sask.     (H)  2517  Wallace  St.,  Regina,  Sask.     (S.  1934) 
McCANNEL,  D.  A.  Roy,  B.Sc,  (Queen's),  City  Engr.,  City  of  Regina,  Regina, 

Sask.     (H)  2258  Osier  St.     (S.  1914)     (A.M.  1917)     (M.  1930) 
.McCarthy,  Clarence  Wilbert,  Asst.  Engr.,  Dept.  of  Highways,  Halifax, 

N.S.     (//)  Falmouth,  N.S.     (A.M.  1923) 

MacCARTHY,  Henry  Blair,  B.Sc,  (McGill  '28),  110  Lisgar  St.,  Ottawa,  Ont. 
(Jr.  1930) 

cTMcCARTHY,  Thos.  V.,  B.A.Sc,  (Tor.  '13),  Res.  Engr.,  Dept.  Northern 
Development,  Halls  Bridge,  Ont.  (//)  U  Lowther  Ave.,  Toronto,  Ont. 
(A.M.  1919) 

d'McCLELLAND,     Harold    Lanqdon,    B.A.Sc,    (Tor.    '17),    M.A.Sc,    Cons. 

Engr.,  .505,  330  Bay  St.,  Toronto,  Ont.     (H)  1044  College  St.     (A.M.  1928) 
McClelland,   Richard  James,   378  Brock  St.,   Kingston,  Ont.     (H)    185 

Clergy  St.     (S.  1906)     (A.M.  1916) 
McClelland,  W.  Raymond,  B.Sc,  M.Sc,  (McGill  '23),  Met.  Engr.,  Ore 

Dressing  and   Metallurgy,   Dept.   of   Mines,   Mines  Branch,  Ottawa,  Ont. 

(H)  225  Carling  Ave.     (S.  1920)     (Jr.  1923)     (A.M.  1929) 
cfMcCLINTOCK,  G.  A.,  Major,  B.A.Sc,  (Tor.  '24),  Engr.,  Keasbey   &  Matti- 

son  Co.,  Bell  Asbestos  Mines  Dept.,  Thetford  Mines,  Que.    (S.  1914)    (A.M. 

1925) 

McCLUNG,  Jos.  Eldon,  B.Sc,   (McGill  '26),  50  Wexford  Ave.  S.,  Hamilton. 

Ont.     (H.  1924) 
McCLURE.   I-iNDLEY    W..    B.Sc,    (McGill   '27),   a/Muuicipal   Engr.,    Dist.    of 

Fliu  Flon,  Box  306,  Flin  Flon,  Man.     (S.  1920)     (Jr.  1928) 
-McCLYMONT,  Herbert  Ross,  Member  of  Firm,  McMaster-Jacob  Engineering 

f.'o.  Ltd.,  107  Front  K.,  Toronto  5,  Ont.     (//)  157  Pincwood  Ave.     (A.M.  1919) 


McCOLL,  Gilbert  B.,  B.A.,  (Man.  '02),  D.T.S.,  M.L.S.,  D.L.S.,  McCoUBros.. 

319   Somerset   BIk.,   Winnipeg,    Man.     (//)    167   Lanark   St.     (A.M.    1911) 
rf-McCOLL,  Samuel  E.,  Lieut  .  B.A..  (Man.  '07),  M.L.S.,  D.L.S.,  S.L.S.,  Director 

of  Surveys,  Man.,  Dept.  of  Mines  and  Nat.  Res.,  Winnipeg,  Man.     (H)  178 

Langside  St.     (Jr.  191G)     (A.M.  1919) 
McCOLL,  Wm.    Ross,    B.A.Sc,    (Tor.    '33),    16    Askin    Ave  ,    Sandwich,    Ont 

(S.  19.i.i) 
d''McCONKEY,  Thomas  C,  Lieut.,  B.Sc,  (McGill),  Vice-Pres.,  B.  J.  Coghlin 

Co.,   Ltd.,  3320  Ontario  St.  E.,   Montreal,  Que.     (//)   4070  Highland  Ave 

(S.  1904)      (A.M.  1913) 
McCONNELL,  S.  Bruce,  Dist.  Engr.,  C.P.R.,  North  Bay,  Ont.     (H)  86  Wyld 

St.     (S.  1899)      (A.M.  1905)      (M.  1916) 
McCORMACK.  D.  N.,  B.Sc.  (N.B.  '28),  B..Sc.,  (Man.  ':«).  .Spruce  Falls  Power 

and  Paper  Co.,  Kapuskasing,  Ont.      (.S.  1927)      (Jr.  1928) 
McCORMICK,  A.  T.,  B..Sc.  (Man.  '30),  Oper.  Engr.,  Northern  Elec  Co.  Ltd  . 

nth  Ave.  and  Centre  St.,  Calgary,  Alta.     (//)  .508-14th  Ave.  W.     (S.  1928) 

(A.M.  193.',) 

McCORMICK,  R.  S.,  Gen.  Supt.  and  Chief  Engr.,  Algoma  Central  Rly.,  Sault 

Ste.  Marie,  Ont.     (H)  321  E.  Spruce  St.,  Sault  Ste.  Marie,  Mich.    (M.  191.i) 
d'McCORT,  C  Roy.   Capt.,   B.A.-Sc,    (Tor.   '15),   442  Clarke  Ave.,   Westmount, 

Que.      (Jr.  1919)      (A.M.  1920) 
McCOUBREY,  J  AS.  -Addison,  Divn.  Engr.,  Dept.  of  Northern  Development, 

Kenora,  Ont.      (A.M.  1924) 
-McCOY,  Lyle,  Can.  Car  and  Foundry  Ltd.,  621  Craig  St.  W.,  Montreal,  Que 

(//)  97  Brock  .\ve.  N.,  .Montreal  West,  Que.     (A.M.  1919) 
.McCRADY,  Louis  de  Bernier.  B.S.,  C.E.,  (Clemson),  Chief  Engr.,  Canadiai 

Industries  Ltd.,  Beaver  Hall  Bldg.,  Montreal,  Que.     (//)  24  Richelieu  Place 

(M.  1921) 

McCRADY,  MacH.,  B.Sc,  Chief  of  Labs.,  Prov.  Bureau  of  Health,  89  Notre 

Dame  St.  E,  Montreal,  (iue.     (//)  3469  NorthclifTe  Ave.     (A.M.  1914) 
McCRAE,    Donald    Gordon.    Project    Mgr..    Southern    Okanagan    Irrigation 

Project.  Box  A.  Oliver,  B.C.     (A.M.  1925) 
cfMAcCRIMMON,  Duncan  Daniel,  Capt.,   MC  ,  Box  45,  Williamstown,  Ont 

(A.M.  1926) 
McCRONE,   Donald   G..    B.A.Sc  .    (Tor.    '27).   Control   Chemist.   E.  B.   Eddy 

&  Co.,  Hull.  Que.     (//)  78  lona  Ave  ,  Ottawa,  Ont.     (Jr.  1.929)     (A.M.  1934) 
M<:CR()RY.  James  Alexander.  B.S.,  (Penn.  State  '07),  Vice-Pres.  and  Chief 

Engr.,  Shawinigan  Engineering  Co.,  Power  Bldg.,  Montreal,  Que.     (H)  .\pt. 

C-32,    3940    Cote    des    .Neiges  Rd.     (A.M.    1921)     (M.  1926)     (Member    of 

Council.  E.I.C.) 

o»McCRUDDEN,    Harry    E.,    Lieut.,   Staff   Engr.,   The   Bell  Telephone   Co.   of 

Caniida,  Ltd  ,   Montreal,  Que.     (//)   734  Upper  Belmont  .4ve.,  Westmount, 

Que.     (S.  191.i)      (Jr.  1919)      (A.M.  1927) 
McCUBBI.NJ,  George  .\.,  O.L.S.,   Private  Practice,   Box  327,   Chatham,  Ont 

(H)  40  Lacroix  St.     (A.M.  1899)     (M.  1919) 
McCULLOCH,  Andrew,  Penticton,  B.C.      (M.  1907T 

McCULLOCH,  Andrew  L.,  (Tor.  '87),  Nelson,  B.C.    (A.M.  1891)    (M.  1909) 
McCULLOCH,  Orval  James,  B.Sc  ,  (McGill  '17),  An?us  Robertson,  Ltd.,  1406 

University  Tower  Bldg  ,  .Montreal,  Que.     (!i.  1916)     (.4.*/.  1927) 
a"McCURDY,  L.  B.,  Capt,   (N.S.T.C.   '13),  Chief  Engr,  Dom   Reinforcing  Steel 

Co.    Ltd.,    Clanranald    .\ve.,    Montreal,   Que.     (H)    1576   Summerhill   Ave. 

(A.M.  1920) 
.McCURDY,  Lyall  R  ,  B.Sc,   M.Sc,   (McGill  '27),   Lecturer,  Mech.   Engrg  . 

McGill  University,  Montreal,  Que.     (H)  647  Milton  St.     (S.  1919)     (Jr.  1926) 

(A..M.  1929) 

.MfDERMID,  George,  B.Sc.  (Man.  '27).  Engr..  Way  and  Structures,  WinnipoK 

Electric  Co.,  Winnipeg,  Man.     (//)  576  Sherburn  .St.     (A.M.  1934) 
MacDERMOTT.  Sidney  Guy,  B.Sc  ,   (McGill  '05),  Can.  Johns-Manville  Co. 

Ltd.,  910  St.  James  .St.,  Montreal,  Que.     (H)  18  Dufferin  Rd.,  Ste.  Rose,  Que 

(A.M.  1919) 
MacDERMOTT,  Kenneth  W.,  B.Sc,  (N.B.  '3)),  H.E.P.C.  of  O.it.,  Box  17, 

Port  Carling,  Ont.      (,S.  t9.i0) 
MacDIARMID.  Archibald  A.,  B..Sc.,  (McGill  '10),  Chief  Engr.,  Price  Bros 

&  Co   Ltd  .  Quebec,  Que.     (//)  90  de  Salaberry  Ave.     (S.  1909)     (A.M.  1914) 

(M.  1926) 

.MACDONALD,  Albert  E.,  M.Sc,  (McGiir22),  Assoc  Prof,  of  C.E.,  University 
of  Manitoba,  Sherbrooke  at  Portage  Ave.,  Winnipeg,  Man.     (H)  331  Cam- 
bridge St.      (S.  1919)      (Jr.  1.922)      (A.M.  1932) 
McDonald,  Alexander  J.,  537  Gilbert  St.,  Kingston,  Ont.     (S.  1935) 
M.\CDONALD,  Archibald  J.,  B.A.,  B.Sc,  Black  Avon,  N.S.      (A.M.  1907) 

MacDON.ALD,  Arden  M.,  B.Sc,  (.V.S.T.C  '33),  Can.  Carborundum  Co.  Ltd  , 
2133  Main  St..  Niagara  Falls,  Ont.      (S.  1931)      (Jr.  19J.5) 

cT-MACDONALD.  Arthur  C.  Lt-Col.,  D.S.O.,  (R.M.C.,  Kingston),  Chairman. 
Mardonald.  Giblis  &  Co.  (Engineers),  Ltd.,  28  Finsbury  Sq.,  London,  E.C.2, 
England.      (H)  9  Walton  Place,  Knightsbridge,  S.W.3.      (M .  1S9S) 

cfMACDONALD,  C.  Beverley  R.,  Caot.,  (R.M C,  Kingston  '14).  Dir.  and 
Res.  Agent  in  Irac).  Humplircvs  Ltd  ,  Knightsbridge,  London.  England 
Address:  P.O.  Box  122,  Baghdad.  Iraq.     (,S.  1914)     (A.M.  1919)     (M.  1931) 

cJ"McDON.\LD.  Claude  K.,  Lieut  ,  The  .Shawinigan  Water  and  Power  Co.,  Power 
Bldg.,  Montreal.  Que.     (H)  2430  Westhill  Ave,      (A.M.  1924) 

M.\CDONALD.  Colin.  B.A  Sc,  Matachewan  Cons.  Mines,  Matachewan,  Ont. 

(H)  453  Victoria  Ave.,  Windsor,  Ont.     (,S.  1934) 
McDonald,  D.  Harold,  .Asst.  Engr.,  D.P.W..  Canada,  Halifax,  N.S.     (H)  56 

Coburg  Rd,      (Jr.  1916)     (A.M.  1917) 
McDonald,    Donald   John.    B.S-  .    fQueen's    '2)).    Bell   Telephone   Co.    of 

Canada.    Beaver    Hall    Bldg..    Montreal,    Que.     (//)  5149    Earnscliffe    .^ve. 

(Jr.  1930) 

MacDONALD,   Geo    Leslie,   B.A  Sc  ,    (Tor.   '28),   278   Spadina   Rd.,   Toronto. 
Ont.      (S.  1928) 
(fM  \rDON.\LD,  Jas  Campbell.  M.ijor,  M.C,  BE..  (Dalhousie '06),  Comptroller. 
Water  Rights,  Prov.  of  B.C..   Parliament  Bldgs..  Victoria,  B.C.     (H)   1164 
Roslyn  Rd.     (S.  1908)     (A.M.  1912)     (M.  1923) 

MacDONALD,  James  Wm..  Asst.  Refinery  Supt..  Imperial  Oil  Ltd.,  Sarnia,  Ont. 

(//)  R.R.  3.  Sarnia,  Ont.      (Jr.  1920)      (A.M.  1927) 
M.\CDONALD.  Jeremiah  James,  B.Sc.   (McGill  'ID.  Sir  Alexander  Gibb   & 

Partners.   Queen    Anne's    Lodge.    Westminster,    London,    S.W.I.     (S.    1911) 

(A.M.  1913)      (M.  1920) 

ti'MACDONALD.  John  A.,  Lieut,  B.Sc,  (N.S.T.C.  '23),  Topographical  Engr,, 
Geological  Survey,  Victoria  Memorial  Museum.  Ottawa,  Ont.  (//)  34  Glen 
Ave,      (S.  1920)      (A.M.  I9J4) 

MACDONALD.  John  E  .  B.A.Sc.  (B.C;.  '31).  West  Kootenav  Power  and  Light 
Co,.  So,  Slcxnii,  BC.      (//)    tms  HMrclay  St  .  \'aiie()M\er,  B,r.      (.S".   1929) 


THE     ENGINEERING     JOURNAL    {List  of  Members) 


543 


McDonald,   Kknneth   Duncan,   B.A.Sc,    (Tor.   '15),   Asphalt  Sales  Engr  , 

Imperial  Oil,  Ltd  ,  56  Church  St.,  Toronto,  Out.     (H)  104  Hillsdale  Ave.  W. 

(A.M.  1920) 
MacDONALD,  Murray  Vickers,  B.Sc,  (Sask.),  D.L.S.,  S.L.S  ,  2144  Decarie 

Blvd.,  Montreal,  Que.     (S.  inSl)      {Jr.  1932) 
McDonald,    Norman    Geddes,    B.A.Sc,    (Tor.    '18),    Cons.    Engr.,    Gore, 

Nasmith   &  Storrie,  1130  Bav  St.,  Toronto,  Ont.     (//)  38  Old  Bridle  Path 

(Jr.  1919)      (A.M.  1922) 
MacDONALD,    Wm.    A.,    B.Sc,    (N.S.T.C.    '29),    27    Tain    St.,    Sydney,    N.S 

(S.  1930) 
MacDONALD,    Walter   Elwood,    City    W.W.    Engr.,   Transportation   BIdg., 

Ottawa,  Ont.     (//)  330  Driveway,  Ottawa,  Ont.      (A.M.  1932) 
MACDONALD,  Wm.  G.,  Engr.,  N.S.  Light  and  Power  Co.  Ltd.,  Halifax,  N.S 

(H)  80  Larch  St.      (A.M.  1929) 
o'MacDONALD,   William    M.   Bell,   Lieut  ,   B.Sc,    (McGill  '07),   Elec.   Engr., 

Rammerscales,  Lockerbie,  Scotland.     (S.  1908)     (A.M.  1914) 
d'McDONALD,  Wm.  Sutherland,  B.Sc,  (Alta.  '15),  D.L.S.,  Asst.  Engr.,  Dept. 

of   Rlys.   and   Canals,   Ottawa,    Ont.      (H)    110   Brighton   Ave.     (Jr.    1919) 

(A.M.  1923) 
rf-MACDONELL,  C.  K.  S.,  Lt.-Col.,  Res.  Engr..  Dept.   Public  Highways,  Ont., 

48H  Market  Sq.,  Chatham,  Ont.     («)  508  King  St.  W.      (A.M.  1920) 
McDonnell,   Frank,   Chairman,   Board  of  Steamship   Inspection,   Dept    of 

Marine,  Hunter  Bldg.,  Ottawa,  Ont.      (//)  404  Laurier  Ave.  E.     (M.  1921) 
McDOUGALL,  D.  H.,  Col.,  LL.D.,  Box  200,  Stellarton,  N.S.     (M.  1913) 
MacDOUGALL,  Duncan  Alexander,  7-B  Fort  Garry  Court,  Winnipeg,  Man 

(M.  1920) 
MACDOUGALL,  Geo.  D.,  B.Sc,  (McGill  '95),  Cons.  Engr.,  P.O.  Box  1565. 

New  Glasgow,  N.S.      (A.M.  1.901)      (M.  1909)     (Life  Member) 
McDOUGALL,  Geo.  K.,  B.Sc,  (McGill  '04),  McDougall  &  Friedman,  Cons 

Engrs.,  1221  Osborne  St.,  Montreal,  Que.     (H)  1528  Pine  Ave.  W.     (S.  1904) 

(A.M.  1912)     (M.  1919) 
McDOUGALL,  J.   Cecil,   B.Sc,   B.Arch.,   (McGill  '10),    Architect  and  Engr  , 

1221  Osborne  St.,  Montreal,  Que.     (H)  68  Roseraount  Crescent,  Westmount. 

Que.     (A.M.  1919) 
McDOUGALL,J.  F.,B.Sc.,  (Alta.  '30).  Highway  Engr.,  D.P.W.,  Alta.    (//)  9910 

103rd  St.,  Edmonton,  Alta.     (S.  1928) 
McDOUGALL,  J.   Lyle,  Soraerville  Paper  Boxes,  Ltd.,   Dundas  St.,   London, 

Ont.     (Jr.  1930) 
McDOUGALL,  Stewart  R.,  M.Sc,  (B.C.  '23).  Northern  Electric  Co.,  Ltd.. 

Montreal,  Que.     (//)  21  EUerdale  Rd.,  Hampstead,  Que.     (S.  1920)    (A.M 

1927) 
McDOWALL,    Robert,    C.E.,    (Tor.    '01),  O.L.S.,  Private  Practice,   235    W 

7th  St.,  Owen  Sound,  Ont.     (S.  1887)     (A.M.  1892)     (Life  Member) 
McDUNNOUGH.  Philip  Nelson,  B.Eng.,  (McGill  '33),  Shawinigan  Water  and 

Power  Co.,  Three  Rivers,  Que.     (H)  86  St.  Louis  Rd,,  Quebec,  Que.    (S.  1933) 
McDUNNOUGH,  Ralph  B.,  B.A.Sc,  (McGill  '95),  Chief  Engr.,  Quebec  Power 
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house  Co.,  Ltd.,  Hamilton,  Ont.     (//)  49  Holton  Ave.  N      (S.  1921)    (Jr.  1928) 
(A.M.  1931) 
MILLER,  Wm.  Frederick,  31  Commercial  St.,  North  Bay,  Ont.     (S.  1930) 

cfMILLER,  Wm.  Miles,  Major,  M.C.,  (R.M.C,  Kingston  '12),  O.C,  Peshawar 
Dist.  Signals,  Royal  Signals,  Peshawar,  N.W.F.P.,  India.     (S.  1910)    (A.M. 


MILLIDGE,  Edwin  R.,  Div'n.  Engr.,  Mtce.,  C.N.R,,  Winnipeg,  Man.    (H)  30 

Purcell  Ave.     (S.  1902)     (A.M.  1909)     (M.  1916) 
MILLIGAN,  J.  A.,  Sales  Engr.,  H.  E.  O.  Bull  Regd.,  437  St.  James  St.  W., 

Montreal,  Que.     (H)  4482  Marcil  Ave.,  N.D.G.     (S.  1925) 
MILLIKEN,  Humphreys,  B.S.,  (M.I.T.  '02),  Chief  Engr.,  Elec.  Dept.    Mont- 
real L.,  H.  and  P.  Cons  ,  Power  Bldg.,  Montreal,  Que.     (H)  280  Markham 

Rd.,  Town  of  Mt,  Royal,  Que.     (M.  1926) 
MILLS,  Arthur  McTavish,  B.Sc,  (Queen's  '19),  Dist.  Engr.,  Dept.  of  Northern 

Development,  Box  70,  Sudburv,  Ont.     (H)  Apt.  1,  295  Cedar  St.     (S.  1919) 

(A.M.  1926) 
MILLS,  Charles  Perkins,  B  Sc,  (McGill  '23),  Indust.  and  Rate  Engr,,  Ebro 

Irrigation  and  Power  Co.     Address:  Apartado  491,  Plaza  de  Cataluna  2. 

Barcelona,  Spain.     (H)  Calle  Muntaner  514.     (S.  1921)     (Jr.  1927)     (A.M. 

1933) 
MILLS,  Douglas  S.,  McAdam,  N.B.     (S.  1929) 
cf  MILLS,  Frederick  Oldham,  Asst.  Engr.,  D.P.W.,  Canada,  Post  Office  Bldg.. 

New  Westminster,  B.C.      (//)   108-6th  Ave.     (S.  1906)     (A.M.  1912) 
MILLS,  Thos.  S.,  B.A.,  B.Sc,  (Queen's  '11),  D.L.S.,  Asst.  Chief  Engr.,  National 

Parks  Br.,   Dept.   Interior,  Ottawa,   Ont.     (//)    72  Craig  St.     (A.M.   1919) 

(M.  1926) 
cfMILNE,  Arthur  Hartley,  Lieut.,  B.Sc,  (McGill  '17),  Dir.,  Dept.  of  Bldgg., 

Protestant   Bd.    of   School   Commrs.,   3460   McTavish   St.,    Montreal,   Que. 

(H)  4786  Grosvenor  Ave.     (5.  1914)     (Jr.  1918)     (A.M.  1920)     (M.  1928) 
MILNE,  Geoffrey  Robertson,  Asst.  Supt ,  Manseau  Shipyards  Ltd.,  Box  175, 

Sorel,  Que.     (S.  1921) 
MILNE,  Jas.   R.   B.,   Mech.   Supt.,   Price  Bros.    &   Co.   Ltd.,   Kenogami,   Que. 

(H)  37  Lapointe  St.      (Jr.  1932) 
MILNE,  Oswald,  Gen.  Mgr.,  Peabody  Ltd.,  4  Clements  Inn,  London,  W.C.2. 

(H)  43  Woodruff  Ave.,  St.  Catharines,  Ont.     (S.  1922)     (Jr.  1926)     (A.M. 

1931) 
MILNE,  WiNFORD  Gladstone,   Gen.   Mgr.,   N.   Slater  Co.,   Ltd.,   Hamilton, 

Ont.     (H)  151  Delaware  Ave.     (A.M.  1919)      (M.  1936) 
MILOT,  Camille,  B.A.Sc,  C.E.,  (Ecole  Polytech.,  Montreal  '19),  Asst.  Chief 

Engr.,  D.P.W.  and  L.,  Quebec,  Que.     (H)  70  Moncton  St,      (S.  1919)     (Jr. 

1920)      (A.M.  1922) 
MINARD,  Guy  M.,  B.Sc,  (Queen's  '28),  Supt.  of  Tech,  Dept.,  Spruce  Falls 

Power  and  Paper  Co.,  Kapuskasing,  Ont.     (//)  33  Drury  Ave.     (Jr.  1929) 
MISENER,  John  S.,  Mech.  Refinery  Mgr.,  Acadia  Sugar  Refining  Co.,  Box  400, 

Woodside,  Dartmouth,  N.S.     (M.  1919) 
cTMITCHELL,  Chas.  Hamilton,  Brig.-Gen.,  C.B.,  C.M.G.,  D.S.O.,  B.A.Sc,  C.E., 

(Tor.  '98),  LL.D  ,  D.Eng.,  Dean  of  the  Faculty  of  Applied  Science,  University 

of  Toronto,   and   Cons.   Engr,,  Toronto,  Ont,     (//)   35   N.   Sherbourne  St , 

Rosedale,     Toronto,     Ont,     (S.     1894)     (A.M.     1898)     (M.     1902)     (Patl- 

President). 
cTMITCHELL,    Coulson    N.,     Capt.,    V.C,    M.C.,    B.C.E.,    (Man.    '12),    Gen, 

Supt.  of  Constrn.,  Power  Corp.  of  Canada,  Ltd.,  355  St,  James  St.,  Montreal, 

Que     (//)  123  Vivian  Ave.,  Town  of  Mt.  Royal,  Que.     (S.  1911    (A.M.  1917) 
cTMITCHELL.  Frank  Leslie,  Lieut,,  B.Sc,   (McGill  '21),  Can.  International 

Paper  Co.,  Three  Rivers,  Que.     (Jr.  1922)     (A.M.  1930) 
d'MITCHELL,  Gordon,  Capt.,  B.A.Sc,  796  Crawford  St.,  Toronto,  Ont.    (S.  1914) 

(A.M.  1926) 
MITCHELL,    G.    B.,    C.E.,    (Colorado),    Dir,    and    Gen.    Supt.,    The    Atlas 

Construction  Co.,  Montreal,  Que.     (H)  28  Richelieu  Place,     (M.  1913) 
MITCHELL,  J.   Murray,  B.Sc,   (McGill  '23),  Dist.  Traffic  Supt.,  The  Bell 

Telephone  Co.  of  Canada,  Three  Rivers,  Que.     (H)  2427-5th  Ave.    (S.  1922) 

(Jr.  1930)     (A.M.  1936) 
MITCHELL,  Ja8.   Thomson,   B.Sc,   (Glasgow  '14),  Commr.   of  Patents,  Fed, 

Govt.,  Patent  OflSce,  Ottawa,  Ont,      (H)  81  Park  Ave.      (A.M.  1918) 
MITCHELL,  Lawrence  E.,  B.Sc,  (N,S,T,C.  '32),  Dftsman.,  Intern.  Petroleum 

Co.  Ltd.,  Talara,  Peru,  S.A.     (H)  Welchpool,  Campobello,  N.B.      (S.  1930) 
MITCHELL,  Robt,  Walter,  B,Eng.,  (xMcGill  '33),  Merck  &  Co,  Ltd,,  Montreal, 

Que.     (H)  135  Balfour  Ave.,  Town  of  Mt,  Royal,  Que,      (,S.  1933) 
cTMITCHELL,  R,  W„  Major,  MC,  Chief  Engr.,  Pressure  Pipe  Co.  of  Canada, 

Ltd..  760  Victoria  Sq,,  Montreal,  Que,     (H)  646  Murray  Hill,  Westmount, 

Que.     (Jr.  1912)      (A.M.  1920) 
MITCHELL,  Samuel  Phillips,  Cons.  Engr.  and  Pres.,  Seaboard  Construction 

Co.,  1450  Real  Estate  Trust  Bldg.,  Philadelphia,  Pa.     (H)   127  Maplewood 

Ave.     (M.  1912) 
MITCHELL,  Wallace  M.,  B.Sc,  (McGill  '24),  Brunner,  Mond  Can.ada,  Ltd., 

Amherstburg,  Ont.     (H)  Laird  Ave.     (S.  1923)     (A.M.  1930) 

MITCHELL,  Wm.  Gordon,  B.Sc,  M.Sc,  (McGill  '14),  Tech.  .Adviser,  Pulp  and 

Paper  Research  Institute,  3420  University  St.,  Montreal,  Que.     (H)  3  Red- 
path  Place.     (M.  1920) 
MITCHELL,  Wm.   Reg.,  B.Sc,   (Man.   '34),   344   Overdale  St.,   Deer  Lodge, 

Winnipeg,  Man.     (S.  1934) 
c^MITCHESON,  Septimus,  2226  Hingston  Ave.,  Montreal,  Que.    (A.M.  1931) 
MOAKLER,  John  J,,  11  Maxse  St.,  St.  John's,  Nfld.     (S.  1936) 
MODJESKI,  Ralph,  C.E.,  Dr.  Engrg.,  Modjeski,  Masters  &  Case.  Inc.,  Van- 

derbilt  Concourse  Bldg  ,  ^2  Vanderbilt  Ave.,  New  York,  N.Y      (H)  30  Beek- 

raan  Place     (M.1909) 
MOES,  G.,  Gen.  Mgr.,  Hamilton  Sterling  Electrical  Co.  Ltd.,  428  Cannon  St.  E., 

Hamilton,  Ont.     (H)  Aldershot,  Ont.     (A.M.  1930) 
MOFFAT,   Thomas     Stuart,    B.Sc,    (McGill   '27),    Supt.,    Provincial   Wood 

Products  Co.,  Kanes  Corner,  Saint  John,  N.B.     (.H)  67  Seely  St.      (S.  1926) 

(A.M.  1935) 
MOFFATT,  Robert  Ray,  Asst.  Chief  Dftsman,  Dom.  Steel  and  Coal  Corp., 

Ltd.,  Sydney,  N.S.     (H)  55  Ankerville  St,     {A.M.  1924) 
MOFFATT,  Robert  W.,  B.A.Sc,  (Tor.  '10),  Asst.  Prof.,  Dept.  of  C.E.,  University 

of  Manitoba,  Broadway  Ave..  Winnipeg,  Man,     (//)  900  Jessie  Ave.    (S.  1910) 

(A.M.  1913) 
MOLKE,  Eric  C,  C.E.,   (Vienna  '23),   Asst.   Engr,,  E,   Gohier,  Cons,,  Engr,, 

10  St,  James  St.  E.,  Montreal,  Que.     (H)   12118  Ranger  St.,  Cartierville, 

Que.     (Jr.  1927)     (A.M.  1930) 
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MOLLARD,  J.  E.,  B.Sc,  (Sask.  '31),  Dist.  Supt.,  Sask.  Hower  (Jomra..  Tisdale, 

Sask.     (//)  Waterous,  Sask.     (S.  1931) 
MOLLEUR,  Gerald.  B.A.Sc,  (Ecole  Polytecli  ,  Montreal  '24),  Quebec  Streama 
Comm.,  N'ew  Court  House,  Montreal,  Que.     (//)  105  .St.  Cyrille  St.,  Quebec, 
Que.     (.S.  U)ii4)     (A.M.  lf)3£) 
d'MONKMAN,  Geoboe  H.   N.,  Capt.,   Palliscr  Hotel,  Calgary,  Alta.     {6'.   WW) 
(Jr.  1914)     {A.M.  1921)     (M.  1927) 
ff.tMONSARRAT,  Chas.   N.,  Lt.-Col.,  Cons.   Engr.,  Monsarrat   &  Pratley,  909 
Drummond  Bldg.,  Montreal,  Que.     (//)   E-70,  The  Chateau  Apts.     (A.M. 
1898)     (M.  1906) 
MONTAGUE,  John   Russell,  C.E.   and  B.A.Sc,   (Tor.   '14),   Hyd.   Engr.  of 
Design,  HE.  PC.  of  Ont.,  620  University  Ave.,  Toronto,  Ont.     (//)  51  Chud- 
leigh  Ave.     (A.M.  1918) 
a»MONTAGUE,  T.  M.,  Lieut.,  Belgian  C.  de  G.,  B.Sc,  (McGill  '09).  Technical 
Service  (Sewer  Comm.),  City  Hall,  Montreal,  Que.     (A.M.  1914) 
MONTGOMERY,  Hugh  R.,  B.Sc,  (McGill  '29),  Res.  Engr.,  The  Atlas  Con- 
struction Co.  Ltd.,  679  Belmont  St.,  Montreal,  Que.     (H)  2080  Lincoln  Ave. 
(S.  1928)      (A.M.  1932) 
d'MONTGOMERY,  Samuel  Cliffokd,  Lieut.,  M.C.,  B.Sc,  (McGill  '15),  Constrn. 
Office,  Cons.  Mining  and  Smelting  Co.,  Trail,  B.C.     (S.  1911)     (Jr.  1920) 
(A.M.  1929) 
MONTGOMERY,  Thos.,  Chief  Engr.,  Imperial  Oil  Ltd.,  Sarnia,  Ont.    (H)  276 
North  Brock  St.     (M.  1922) 
cTMONTIZAMBERT,  Harry  Bell,  Capt.,  Apt.  7,  1445  Bishop  St.,  Montreal, 
Que.     (A.M.  1926) 
MONTREUIL,  Joseph  O.,  M.A.,  Chief  of  Dist.   No.  3,  Prov.  Que.  Dept.  of 

Rds.,  Quebec,  Que.     (H)  Everell,  Que.     (A.M.  1904)      (M.  1913) 
tMOODIE,  Kenneth,  B.Sc,  (McGill  '95),  Combustion  Engr.,  D  P.W    of  B.C., 
Victoria,  B.C.     (S.  1896)     (A.M.  1911)      (M.  1926) 
MOODIE,   Walter  Taylor,   Gen.   Supt.,   C.N.R.,    North   Bay,   Ont.     (H)   46 

Copeland  St.      (M.  1918) 
MOON,  Clyfforde  G.,  66  Yates  St.,  St.  Catharines,  Ont.      (S.  1907)      (A.M. 

1911) 
MOON,  George  Douglas,  B.A.Sc,  (Tor.  '23),  c/o  Div.  Plant  Superv.,  O.D., 
The  Bell  Telephone  Co.  of  Canada,  Ltd.,  Montreal,  Que.     (.S.  19S1)    (Jr.  1928) 
(A.M.  1934) 

d»MOONEY,  Frank  M.,  Jr.,  B.Sc,  (McGill  '20),  The  Croft,  Durrington,  Salisbury, 

Wilts.,  England.     (S.  1914)     (Jr.  1921)      (A.M.  1926) 
MOONEY,  John  P.,  B.Sc,   (N.B.   '16),   Mgr.,  Mooney  Construction  Co.,  49 

Canterbury  St.,  Saint  John,  N.B.     (H)   112  Queen  St.      (Jr.  1918)     (A.M. 

1920) 
MOORE,  Alex.  Glydon,  B.Sc,   (N.S.T.C.  '25),  Montreal  L.H.   &  P.  Cons., 

Rm.  319.  Power  Bldg.,  Montreal.  Que.     (H)   1450  Crescent  St.     (S.  1923) 

(Jr.  1930)      (A.M.  1936) 
cTMOORE.   Chas.    M..   B.Sc,    (Queen's   '19),    Medicine   Hat,   Alta.     (S.   1919) 

(Jr.  1920)      (A.M.  1924) 
(jf.MOORE,  Ernest  Vivian,  B.Sc,  (McGill  '00),  Sales  Mgr.,  Ont.  Dock  and  For- 
warding Co.,   Rm.   608,   Sterling  Tower,  372  Bay  St.,  Toronto,  Ont.     (H) 

121  Chaplin  Cres.     (A.M.  190.3)     (M.  1919) 
MOORE,  Geo.  Albert,  B.Eng.,  (McGill  '33),  Baldwins,  Montreal  Ltd.,  1416 

Royal  Bank  Bldg.,  Montreal,  Que.     (H)  366  Wood  Ave.     (S.  1931) 
MOORE,   Henry   Alex.,   B.A.,   Cons.   Engr.,   P.O.   Box   686,   Trenton,   Ont. 

(M.  1907) 
MOORE,  Herbert  H.,  (Tor.  '02),  A.L.S.,  D.L.S.,  Private  Practice,  427  River- 
dale  Ave.,  Calgary,  Alta.     (S.  1904)     (A.M.  1909) 
MOORE,  Lewis  N.,  B.Sc,  (McGill  '27),  Asst.  Div.  Equipment  Engr.,  E.O.D., 

The   Bell  Telephone   Co.   of  Canada,   Ottawa,   Ont.     (H)    312   Fifth   Ave. 

(S.  1927)      (A.M.  1932) 
MOORE,  Robt.  H.,  B.Sc.  (Man.  '34),  Hudson's  Bay  M.  &  S.  Co.  Ltd.,  Flin 

Flon,  Man.     (H)  240  Balfour  Ave.,  Winnipeg,  Man.     (S.  1930) 
cTMOORE.   Thomas  John   McLuckie,    Dom.   Water   Power   and   Hydrometric 

Bureau,  Dept.  Interior,  Box  235,  North  Bay,  Ont.     (A.M.  1922) 
MOORE,  Wm.  Herbert,  B.Sc,  (McGill  '27),  (M.Eng.,  '32),  Can.  Marconi  Co. 

Ltd.,  Montreal,  Que.     (H)  460  Grosvenor  Ave.,  Westmount,  Que.    (S.  1925) 

(A.M.  1934) 

MOORE,  Wm.  J.,  (Tor.   '06),  O.L.S.,  County  Engr.,  and  Rd.  Supt.,  Renfrew 

County,  Box  1048,  Pembroke,  Ont.     (S.  1907)     (A.M.  1910) 
MOREY,  Harold  Arthur,  B.Sc,  (Dartmouth  '08),  Mgr.,  N.S.  Wood  Pulp  and 

Paper  Co.  Ltd.,  Charleston,  Queen's  Co.,  N.S.     (A.M.  1922) 
MORGAN,  A.  Hedley,  Vice  Pres.  and  Wlcs.  Mgr.,  E.  Leonard  &  Sons,  Ltd., 

London,  Ont.     (H)  294  Hyman  St.     (M.  1922) 
MORGAN,   Jas.   Clarence,   B.A.Sc,    (Tor.   '30),    (M.A.,   '31),   50   Rose   Ave, 

Toronto  5,  Ont.     (S.  1929)     (Jr.  1931) 
MORGAN,  N.  L.,  B.Sc,  (McGill  '14),  Cable  Research  Engr.,  Northern  Electric 

Co.  Ltd.,  Montreal,  Que.      (H)  107  Kindersley  Rd.  So  ,  Town  of  Mount  Roval, 

Que.     (A.M.  1919) 
cTMORGAN,   Philip  Harold,   Capt.,   Gen.   Constrn.   Supt.,  Beauharnois  L.   H 
and  P.  Co.,  P.O.  Box  50,  Beauharnois,  Que.     (A.M.  1.934) 
MORHAM,  Robert,  Cole  Snow  Plow  Co.,  631  Confederation  Life  Bldg.,  Toronto, 

Ont.     (H)  1003  Mt.  Pleasant  Rd.     (A.M.  1920) 
MORITZ,  Chas.  J.  H.,  B.Sc,  (Mich.  '97),  Vice-Pres.,  Aluminium  Ltd.    Address: 

Aluminum  Co.  of  America,  Niagara  Falls,  N.Y.     (A.M.  1901)     (M.  1909) 
MORKILL.  John  Thomas,  Private  Practice,  74  Court  St.,  Sherbrooke,  Que. 

(M.  1888)     (Life  Member) 
■      MORLEY,  Edward  H.,   R.R.   2,   Rose  Cottage,   Yarmouth,   N.S.     (M.  1910) 

(Life  Member) 

MORRIS,  Harold  K.,  B.Eng.,  (McGill  '35),  2063  Stanley  St.,  Montreal,  Que. 

(S.  1936) 

tMORRIS,  James  L.,  D.Eng.,  '27,  C.E.,  (Tor.  '85),  D.Eng  ,  '27,  O.L.S.,  Inspector 

of  Surveys,  Dept.  of  Lands  and  Forests,  Parliament  Bldgs.,  Toronto,  Ont. 

(H)  .A.pt.  303,  200  St.  Clair  Ave.  W.     (A.M.  1887)     (M.  1904)     (Life  Member) 
MORRIS,  John  William,   B.A.Sc,   (McGill  '94),  Gen.   Mgr.,   Newfoundland 

Light  and  Power  Co.,  P.O.  Box  823,  St.  John's,  Nfid.     (M.  1920) 
MORRIS,  S.  Rupert,  Memorial  University  College,  St.  John's,  Nfld.    (//)  Trinity 

Bay,  Nfld.     (S.  1936) 
d'MORRISEY,   Henry  Fairwe.ather,   Lieut.,   M.Sc,   (N.B.   '15),   Dist.  Engr., 

Marine  Dept.,  Saint  John,  N.B.     (H)  65  Hazen  St      (Jr.  1913)     (A.M.  1922) 
cfMORRISEY,  T.  Sydney.  Lt.-Col..  D.S.O..  (R.M.C.  '10),  Owner,  The  Specialty 

Machinery  Co.,  324  Coristine  Bldg.,  Montreal,  Que.     (H)  3275  Cedar  Ave 

(S.   1919)     (Jr.  1913)     (A.M.   1924)      (M.   1931) 
MORRISON,  C.  F.,  B.E.,  (Sask.  '25),  M.Sc,  (McGill  '27),  Lecturer  in  C.E. 

Univ.  of  Toronto,  Toronto,  Ont.     (H)  6  Lowther  Ave.     (Jr.  1929) 
MORRISON,    C.    W..   B.Sc,    (McGill   '31),   R.Ca.f.   Station,   Ottawa,   Ont. 

(S.  1931) 


MORRISON,  George,  (C.G.I.  '97),  Commonwealth  Electric  Corp.  Ltd.,  P.O.  Box 

308,  Welland,  Ont.     (A.M.  1924)     (M.  1926) 
MORRISON,  G.  H.,  B.Sc,  (N.S.T.C.  '25),  Kimberley,  B.C.     (Jr.  1930) 
MORRI.SON,  J.  A.,    B.A.Sc,    (Tor.    '28),    Sales    Engr.,    Consumers   Gas    Co., 

124  Richmond  St.  W.,  Toronto,  Ont      Address:  West  End  Y.M.C.A.,  Toronto, 

Ont.     (S.  1928) 
d'MORRISON,  James  R.,  Lieut.,  Field  Engr.,  Dom.  Coal  Co.,  Glace  Bay,  N.S. 

(//)  28  Lorway  Ave.,  Sydney,  N.S.     (S.  l'J06)     (A.M.  1914) 
MORRISON,  J.  W.,  B.Sc,  (Dalhousie  and  N.S.T.C),  Cons.  Mining  Engr  ,  111 

Main  St.,  Haileybury,  Ont.     (M.  1919) 
MORRISON,  Thos.  Jack,  B.Sc,  (McGill  '30),  4714  Western  Ave.,  Westmount, 

Que.     (S.  1930) 
MORRISON,  William  P.,  Sr.   Asst.  Engr.,  P.W.D.,  Canada,  P.O.  Box  225. 

Halifax,  N.S.     (A.M.  1898)     (M.  1907) 
rf'MORRISON,  Wm.  Stuart  Estleioh,  Lieut.-Cmdr  ,  Canada  Creosoting  Co., 

Sudbury,  Ont.     Address:  P.O.  Box  1,  Sudbury,  Ont.     (A.M.  1927) 
MORRISSETTE.  J.  N.  E.  Romeo,  Cons.  Engr.,  Box  219,  Cap  de  la  Madeleine, 

Que.     (S.  1908)     (Jr.  1912)     (A.M.  1919) 
MORROW,  Harold  A.,  (R.M.C,  Kingston),  Pres.,  Morrow   &  Beatty,  Ltd., 

Box  782,  Peterborough,  Ont.     (S.  1888)     (A.M.  1894)      (M.  1902) 
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d'STEPHENSON,  George,  Mtce.  Engr.,  E.  B.  Eddy  Co.  Ltd..  Hull,  Que.    (//)  236- 

B,  Linden  Terrace,  Ottawa,  Ont.    {A.M.  1931) 
cfSTEPHENSON,  Geo.  Elgin,  Lieut..  B.A.Sc,  (Tor.  '20),  County  Engr.  and  Rd 

Supt,   Bruce   County,   Box   398,    Walkerton,    Ont.      (S.    1016)     {Jr.    1921) 

{A.M.  1923) 
STEPHENSON,  John,   Chief  Engr,   Can.   Atlas  Steels  Ltd..   Welland,  Ont. 

(//)  Box  117,  Queen  St.,  Sydney  Mines,  N.S.    {A.M.  1921) 
STEPHENSON,  J.  G.,  Elec.  Engr..  Teck  Hughes  Gold  Mines.  Kirkland  Lake, 

Ont.     (S.  1923) 
STERNS,  Frank  E.,  M.Sc,  (McGill  '03),  Cons.  Engr.,  9  Midland  St.,  St.  Cath- 
arines, Ont.    {A.M.  1907)    (M.1926) 
STERNS,  Laurence,  B.Sc,  (N.S.T.C.  '24),  Asst.  Plant  Engr.,  Can.  International 

Paper  Co.,  Three  Rivers,  Que.    (//)  125  Bonaventure  St.    (S.  1923)    (Jr.  19iB) 

{A.M.  1929) 
o"STEVENS,  Frederick,  M.M.,  Squad  Foreman,  Can.  Bridge  Co.  Ltd.,  Walker- 

ville,  Ont.    (H)  98  Windermere  Rd.    {A.M.  1923) 
STEVENS,  Hugh  E.,  Headquarters,  B.C.    {A.M.  1917) 
STEVENS,  RoBT.  Herbert,  Waterworks  Dept.,  City  of  Edmonton,  Civic  Block, 

Edmonton,  Alta.     (H)  9406-96th-A  St.     {A.M.  1927) 
STEVENS,   RoBT.    L..   B.Sc,    (Alta'   35).   9827-85th   Ave..   Edmonton,   Alta. 

{S.  1936) 
STEVENSON.  Chas.   L.,  B.Sc,   (N.B.   '34).   19  Seely  St.,  Saint  John.   N.B. 

(S.  1934) 
cfSTEVENSON.  William  F.,  Lieut.,  Supt.,  Sterling  Collieries,  Ltd.,  Stereo.  Alta. 

{A.M.  1910) 
STEWART,  Alexander  Forrester,  B.A.,  (Dalhousie),  28  South  St.,  Halifax, 

N.S.     (M.  1897)     {Life  Member) 
STEWART,  Donald,  B.Sc,   (McGill  '25),  Div.  Equipment  Engr.,  The  Bell 

Telephone  Co.  of  Canada,  Ltd.,  87  Ontario  St.  W.,  Montreal.  Que.     (H)  15 

Julien  Ave.,  Pointe  Claire,  Que.     {S.  1924)     {Jr.  1927)     (A.M.  1933) 
STEWART,  Donald  Laughlin,  B.Sc,  (McGill  '24),  Engr.,  The  Bell  Telephone 

Co.  of  Canada,  Ltd.,  Beaver  Hall  Bldg.,  Montreal,  Que.    (H)  4536  Coolbrook 

Ave.     {S.  1922)     {A.M.  1927) 
STEWART,  Duncan  E.,  B.Sc,  (Queen's  '33),  Waba,  Ont.     (S.  1933) 
.STEWART,  Fred.  Choate,  Asst.  Engr.,  Vancouver  Water  Dist.,  Vancouver, 

B.C.     (//)  2748  Dundas  St.     {M.  1934) 
STEWART,   Graeme  M.,   B.A.,   (Tor.   '00),   Surveys  Dept.,  C.N.R.,  Express 

Bldg.,    C.N.R.,   Toronto,   Ont.      (//)    31    Manor   Rd.   W.     {A.M.  1907) 
STEWART,  John  R.,  B.Sc,  (McGill  '27),  Service  Engr.,  Can.  Liquid  Air  Co. 

Ltd.,  nil  Beaver  Hall  Hill,  Montreal,  Que.     (//)   1490  Fort  St.     (S.  1925) 
{Jr.  1934) 
STEWART,  John  Robertson,  Town  Engr..  Box  597,  Renfrew,  Ont.     (//)  197- 

ArgyleSt.     (A.M.  1921) 
STEWART,  L.  B.,  B.Sc,  (McGill  '27).  Shawinigan  Water  and  Power  Co..  Shaw- 
inigan Falls,  Que.    (S.  1926)     (Jr.  1932) 


cfSTEWART,   Malcolm  Davidson,   B.A.Sc,   (Tor.   '22),  Seigniory   Club  Com- 
munity Assoc.  Ltd.,  Seigniory  Club,  P.O.  Box  43,  Montebello.  Que.    (.S'.  1919) 

(Jr.  1924)      (A.M.  1029) 
STEWART,   Murray  Alex.,   (Tor.    '0.5),  Principal    Asst.    Engr.,    Dept.    Wks.. 

City  Hall,  Toronto,  Ont.     (//)  282  Glencairn  Ave.     (A.M.  1012) 
STEWART,  Robert  Bruce,  B.Sc,  (McGill'lO),  Pres.  and  Chief  Engr.,  I.  Mathe- 

.son    &   Co.,   Ltd.,    New  Glasgow,   N.S.      (S.  1009)     (Jr.  1013)     (A.M.  1916) 

(M.  1018) 
STEWART,  R,  Melurum,  M.A.,  (Tor.  '03),  Director,   Domiiiiun   Observatory. 

Ottawa,  Ont.      (M.  1924) 
STEWART,  Ross  Oliff,  B.A.Sc,   (Tor.  'ID,  .\sst.  Engr.,  C.N.R.,  6th  Floor, 

Can.  Express  Bldg  ,  Montreal,  Que.     (//)   101  Dobie  .4ve.,  Town  of  Mount 

Royal,  Que.     (A.M.  1920) 
STEWART,  Walter  D.,  B.Sc,  (Queen's  '33),  Apt.  4,  1483  Atwater  Ave.,  Mont- 
real, Que.      (.S.  193.S) 
STEWART,  Wm.  F.,  B.Sc,  (McGill  '26),  Can.  Gen.  Elec.  Co.,  Ltd.,  1000  Beaver 

Hall  Hill,  Montreal,  Que.    (//)  4385  Western  Ave.    (S.  1023)    (Jr.  1029) 
STEWART,    Wm.    Lewis   Reford,    (R.M.C,    Kingston   '20),    Managing    Dir., 

Stewart  Constrn.  Co.  Ltd.,  P.O.  Box  735,  Sherbrooke,  Que.     (//)  98  Quebei- 

St.      (S.  1020)     (A.M.  1928) 
STILES,  John  .\.,  O.B.E.,  B.A.Sc,   (Tor.  '08),  Chief  Executive  Commr.,  Boy 

.Scouts  Assoc,  306  Metcalfe  St.,  Ottawa,  Ont.     (H)  2  Seneca  St.     (A.M.  191.i) 

(M.  1910) 
STINSON,  John  Nichols,  B.Sc,  (Queen's  '14),  Sr.  Asst.  Engr.,  Dom.  Parks  Br.. 

Dept.  Interior,  Ottawa,  Ont.    (S.  1012)    (Jr.  1917)    {A.M.  1019) 
.STIRLING,  Grote,  The  Hon.,  Private  Practice,  Kelowna,  B.C.     (M.  1027) 
^'STIRLING,  John  Bertram,  B..\.,  B.Sc,  (Queen's  'ID,  Engr  ,  E  G.  M.  Cape  * 

Co  ,  960  New  Birks  Bldg.,  Montreal,  Que.  (H)  1612  Selkirk  Ave.  (M.  1934) 
STIRLING,  L.  Brodie,  B.Sc,  (McGill  '24),  Asst.  Engr.,  Shawinigan  Water  and 

Power  Co.,  Shawinigan  Falls,  Que.    (H)  120  Cedar  Ave.    (S.  1921)    (Jr.  1929) 
ST.  JACQUES,  GuHTAVE  F.,  425  St.  Joseph  Blvd.,  Montreal,  Que.    (S.  1935) 
ST.  LAURE.VT,  Jos.  Emile,  C.E.,  (Ecole  Polytech.,  Montreal  '09),  Q.L.S.,  Dist. 

Engr.,  Dept.  P.W.,  Canada,  844  Hunter  Bldg.,  Ottawa,  Ont.     (//)  431  Daly 

Ave.     (M.  102.2) 
,STOBBART,  Wm.  Morley.  .\sst.  Engr  ,  Dom.  Bridge  Co.  Ltd..  Montreal.  Que. 

(H)  33  Drayton  Ave,  Pointe  Claire,  Que.     (A.M.  1035) 
STOCKETT,  Lewis,  245  Vancouver  Hotel,  Vancouver,  B.C.    (M.  1916) 
STOCKTON,     Robert     Summers,     E.M.,     (Colorado),     Craigantler      Ranch. 

Thompson  Falls,  Montana,  U.S.A.    (M.  1018) 
STOD.\RT,  .Iames,  Waterworks  Engr.,  City  of  Hamilton,  Ont.     (//)  10  Stanley 

Ave.      (A.M.  1924)      (M .  1029) 
d"STOKES,  Percy  F.,  Chief  Dftsman,  Industrial  Dept.,  Can.  Vickers,  Ltd.,  Mont- 
real, Que.     (//)  4477  Notre  Dame  St.  E      (A.M.  1926) 
tSTONE,  Ernest  A.,  Ma.E.,  (McGill  '9D,   177  Victoria  Rd.,  Walkerville,  Ont. 

(S.  1888)     (A.M.  189.5)     (M,  1906)      (Life  Member) 
.STOREY,  Gilbert  Calder,  B..\.Sc.,  (Tor.  '15).  See.v.  and  Mgr.,  Water  Commrs. 

City  Hall,  Windsor,  Ont.  (//)  372  Eastlawn  Blvd.,  Riverside,  Ont.  (A.M.  1931) 
STOREY,  Thos.  E.,  B.Sc,  (Man.  '28),  Ch.  Oper.,  (Slave  Falls),  City  of  Winnipeg 

Hydro-Elec.  System.  Address:  Pointe  du  Bois,  Man.  (S.  1926)  (Jr.  1933) 
tSTORRIE,  William,  Cons.  Engr  ,  Gore,  Nasmith  &  Storrie,  Charles-Bay  Bldg.. 

1130Bay  St.,  Toronto,  Ont.  (//)  31  Alexandra  Blvd.  (A.M.  1910)  (M.  1917) 
STORY,  Geo.  L.,  B.Sc,  (Alta'  32),  883  Ossington  Ave.,  Toronto,  Ont.  (S.  1930) 
STOTT,  Joseph   Duncan.   Engr.,   Power  Engineering  Co.,   107  Craig  St.   W., 

Montreal,  Que.     (A.M.  1921) 
d^STOWE,  Geo.   Norman,  Lieut.,  1080  Burris  St.,  Burnaby,   New  Westminster, 

B.C.     (A.M.  1020) 
cfSTRATHY,  R.  L.  A.,  Lieut.,  B.Sc,  (McGill  '14),  481  Prince  Albert  Ave.,  Westr 

mount.  Que.     (Jr.  1021)     (A.M.  1922) 
STRATTON,  Fred.  .Stephen.  B.Sc,  (Man.  '33),  Chloride  Electric  Storage  Co. 

Ltd..  137  Victoria  St.,  London,  S.W.2.      (H)  2  Donovan  Court.  97  Drayton 

Gardens,  London,  S.W.IO.     (S.  1928) 
STRATTO.N,  Leslie  Robertson,  B..Sc.,  (N.B.  '30),  28  Exraouth  St.,  Saint  John, 

N.B.      (S.  19.W) 
STRATTON,  W.  Donald  Geo.,  B.Sc,  (N.B.  '29),  28  Exmouth  St.,  Saint  John, 

N.B.     (.S.  1929) 
STRAUSS,  Joseph   Baehman,   D.Sc.   C.E.,   (Cin.),   Pre.s.   .Strauss  Engineering 

Corp.,  307  N.  Michigan  Ave.,  Chicago,  111.     (A.M.  1909)     (M.  1021) 
STREET,  James  Cunard,  B.A.Sc,  (Tor.  '11),  O.L.S.,  Sr.  Asst.  Engr.,  Welland 

Ship  Canal,  Box   185,  Welland,  Ont.     (H)   181   North  Main  St.     (S.  1009) 

(Jr.  1913)     (A.M.  1014)     (M.  1921) 
tSTRICKLAND,  T.  P.,  M.Sc,  (McGill  '99),  Chief  Engr.,  Melbourne  and  Metro- 
politan Tramwavs  Bd.,  673  Bourke  St.,   Melbourne,  Australia.     (,S.   1808) 

{M.  1910) 
STRIOWSKI,  John  Ben.,  B.Sc,  (Man.  '29),  257  Beverley  St.,  Winnipe?,  Man. 

(S.  1027)      (Jr.  193-5) 
d^STROME,  Ivan  Roy,  Lieut.,  B.A.Sc,  (Tor.  '14),  Dom.  Water  Power  and  Hydro- 
metric  Bureau.  Dept.  Interior.  Ottawa.  Ont.   (//)  127  Metcalfe  St    (A.M.  1920) 
STRO.N'G,  Robert  Ambrose,  B.Sc,    (Illinois  '15),  Engr.,  Dept.  Mines,  Mines 

Br.,  552  Booth  St.,  Ottawa,  Ont.     (//)  587  MacLaren  St.     (A.M.  1921) 
STRONG,   RoBT.   Lloyd,  B.A.Sc,   (Tor.   '31),  Can.   Industries,  Ltd.,  Browns- 
burg,  Que.     (//)  Perth,  Ont.     (S.  19.32) 
o».STUART,  Harold  Brownlee,  Major,  B.A.Sc,  (Tor.  '09),  Field  Engr.,  Hamil- 
ton Bridge  Co.,  Ltd.,  Hamilton,  Ont.     (H)  17  Highcliflfe  Ave.    (A.M.  1920) 

(M.  1035) 
STUART,  H.  Black,  B.A.Sc,  (McGiir92),  Private  Practice,  Cons,  and  Appraisal 

Engr.,  H.  B.  Stuart  &  Co.,  I  Toronto  St.,  Toronto,  Ont.  (//)  85  Dawlish  Ave. 

(S.  1888)      (A.M.  1898) 
rf'.STUART,  Wm.  Grey,  Capt.,  White  Exsle  Mines,  North  West  Minerals,  Cameron 

Bay,  N.W.T.     (H)  10335-117th  St ,  Edmonton,  Alta.     (A.M.  1027) 

j'STU.-VRT,  Wm.  Henry,  Supt.  of  Facilities,  C.N.R.,  360  McGill  St.,  Montreal, 

Que.     (A.M.  1019)     (M.  1032) 
.STURDEE,  Chas.  Parker,  B.Eng  ,  (.McGill  '34),  Dftsman.,  Imperial  Oil  Ltd  . 

P.O.   Box   1510,   Montreal,  Que.     (//)    106-14th  Ave.,  Pointe-aux-Trembles, 

Que.      (S.  1934) 
SUDDEN,    E.    A.,    B.A.Sc,    (Tor.    '26),   343    High    Park    Ave,   Toronto,   Ont. 

(S.  1926)      (Jr.  1928) 

SULLIVA.W  Arthur  Wm.,  Q.L.S.,  Private  Practice  and  City  Engr.,  P.O.  Box 
124,  Valleyfiekl,  Que.     (S.  1900)     (Jr.  1014)     (A..\l.  1020) 

SULLIVA.X,  John  G.,  C.E.,  (Cornell  '88),  316  Nanton  Bldg.,  Winnipeg,  Man". 
(H)  207  Harvard  Ave.      (M.  lOOU)      (Past-Fresident) 

SULLIVAN.  Wm.  Henry,  (R  M.C,  Kingston  '92),  11  Welland  Ave.,  St.  Catha- 
rines, Ont.     (.4..1/.  1899)     (J/.  1920)     (Life  Member) 
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tSURVEYER,  AiiTHun,  B.A.,  B.A.Sc.,  C.E.,  D.Eiig.,  Cons.  Engr..  Arthur  Sur- 

veyer  &  Co.,  1003  Dom.  Square  Bldg.,  Montreal.  Que.     (//)  Acadia  Apts., 

1227  Sherbrooke  St.  W.     (8.1899)     (A.M.  1907)     (M.  1912)     (Paal-President) 
SUTCLIFFE,  Homer  W.,  (Tor.  '07),  Pres.,  Sutcliffe  Co.,  Ltd.,  New  Li.skear<l, 

Ont.     (S.  1908)     {A.M.  191.i) 
SUTHERLAND,  Alexander,  B.Sc,  (Acadia  'II),  Prof,  and  Dean  of  Engrg.. 

Acadia  Univ.,  Wolfville,  N.S.     (A.M.  1920) 
SUTHERLAND,  D.  B.,  B.Sc,  Guysboro  Mines  Ltd.,  Cioldenville,  N.S.    (S.  1932) 
SUTHERLAND,  Duncan  G.,  Mgr.,  Elee.  Sales,  Winnipeg  Electric  Co.,Winnipeg, 

Man.     (H)  1012  Jessie  Ave.     (A.M.  1922) 
SUTHERLAND,   Geo.    Mackenzie,   B.Sc,    (N.S.T.C.    '25),    Dftsman.,   Can. 

Ingersoll-Rand  Co.  Ltd.,  Sherbrooke,  Que.     (H)  43  Quebec  St.     (S.  1924) 

(A.M.  1931) 
SUTHERLAND,   .1.  Gordon,   B.Sc,   (N.S.T.C.   '35),   St.   Peter's  Bay,   P.E.L 

(S.  1935) 
cfSUTHERLAND,  .1.   R.   S.,   Lieut.,  4   Greenhill  Terrace,   Edinburgh,  Scotland. 

(A.M.  1911) 
d'SUTHERLAND,  L.  H.  D.,  Lieut.,  B.Sc,  (McGill  '09),  Pres  ,  Sutherland  Constrn 

Co.,   1440  St.   Catherine  St.   W.,   Montreal,    Que.       (//)     11     Richelieu    PI. 

(M.  192(1) 
cTSUTHERLAND,    Ronald   Douol.vs,    Major,   M.C.,    (R.M.C.,    Kingston   '12), 

B.Sc,   (McGill  '14),   Merchandise   Mgr.,  Can.   Westinghouse  Co.   Ltd.,  400 

McGill  St.,  Montreal,  Que.     (//)  4615  Cedar  Cres.     (A.M.  1920) 
SUTHERLAND,  Wm.  C,  B.Sc,  (N.S.T.C.  '33),  P.O.  Box  846,  Westville,  Pictou 

Co.,  N.S.     (.S.  1931) 
SUTHERLAND,  Wm.  H.,  B.A.Sc,  (Tor.  '03),  Chief  Engr.,  C.  .1.  Dryden  Co., 

Ltd.,   1434  St.  Catherine  St.   W.,   MontreaL  Que      (H)  28  Arlington  Ave., 

Westmount.  Que.     (A.M.  1910)     (M.  1922) 
SVARICH,  J.  P.,  B.Sc,  (Alta.  '29),  Spedden,  Alta.     (.S.  1927)     (Jr.  1934) 
SWABEY,   Harold   Wm.    Birchfield,   Capt.,   Sec,    Donald-Hunt   Ltd.,    1181 

Guy  St.,  Montreal,  Que.     (//)  Apt.  308,  .52  .Vcademy  Rd.,  Westmount,  Que. 

(A.M.  1910)     (M.  1919) 
d'SWAN,  Hamilton  Lindsay,  Lieut.,  Dist.  Engr.,  Dept.  P.W.,  B.C.  Parliament 

BIdgs..  Victoria,  B.C.     (H)  2474  McNeill  Ave.,  Oak  Bay,  B.C.   (A.M.  1915) 

(M.  1928)      (Member  of  Council,  E.I.C.) 
SWAN,  Russell  G.,  B.A.Sc,  (Tor.  '09).  C.E.,  Eiigr.,  Water  Resources  Dept., 

Shawinigan   Water   and   Power   Co.,   Power   Eldg.,    Montreal,   Que.     (H)    6 

Campbell  Ave.,  Montreal  West,  Que.     (S.  1907)     (A.M.  1913) 
d'SWAN,  Wm.  Geo.,  Major,  D.S.O.,  C.  de  G.,  B.A.Sc,  (Tor.  '06).  Cons.  Engr., 

814    Birks    Bldg.,    Vancouver,    B.C.     (//)     1596    Balfour    Ave.     (S.    1906) 

(A.M.  1910)     (M.  1919) 
SWARTZ,    Jos.    Norman,    B.Eng.,    (McGill    '34),    Pulp    and    Paper    Research 

Institute,   3420   University   St.,    Montreal,  Que.     (H)    1401   Ford   St.,   Fort 

William,  Ont.     (S.  1934) 
SWEEZEY,  RoBT.  Oliver,  B.Sc,  (Queen's),  Cons.  Engr.,  Newman,  Sweezev 

&   Co.,   210   St.   James   St.   W.,    Montreal,   Que.     (S.    1907)     (A.M.    1909) 

(M.  1916) 
SWIFT,  John  Wm.,  B.Eng.,   (McGill  '3.5),  Aluminum  Co.  of  Canada,  Arvida, 

Que.      (H)  642  Belmont  Ave  ,  Westmount,  Que.     (S.  1.933) 
cfSWINNERTON,    Aylmer    Abehffraw,    B.A.Sc,    (Tor.    '19),    Chem.    Engr., 

Fuel  Research  Labs.,  Mines,  Dept.  Mines,  Ottawa,  Ont.     (//)   19  Lakeside 

Terrace.     (A.M.  1924) 
SYKES,  Sambbl  H..   1215-14th  Ave.  W.,  Vancouver,  B.C.      (M.   1887)     (Life 

Member) 

SYMES,  Cyril  Barron,  City  Engr.,  City  Hall,  Fort  William,  Ont.     (//)  410 
South  Norah  St.     (A.M.  1922) 


TABOR,  Aubrey  Clii.ton,  B.Sc,  (N.B.  '97),  770  George  St.,  Fredericton,  N.B. 

(A.M.  1922) 
TACHfi,  JO.SEPH  C,  Address  unknown.      (M.  1903)      (Life  Member) 
d'TACKABERRY,  Stanley  Gibson,  Stjdn.  Ldr.,  B.A.Sc,  (Tor.  '14),  Start  Officer 

Equipment,    R.C..\.F.,   Dept.    National   Defence,   Canadian   Bldg.,   Ottawa, 

Ont.      (//)  1087  Carling  Ave.     (A.M.  1920) 
TAIT,  Douglas  L.,  B.A.Sc,  (Tor.  '32),  Univ.  of  Western  Ontario,  396  Victoria 

St.,  London,  Ont.     (,S.  1932) 
TAIT,  Gordon  Ewing,  B..Sc.,  (McGill  '30).  Foundry  Engr.,  Dom.  Engineering 

Co..  Ltd.,  P.O.  Box  3150.  Montreal,  Que.       (H)  Apt.  5,  5.530  Cote  St.  Luc 

Rd.     (S.  1930) 
TAIT.  Irving  R..  B.Sc,  (McGill  '13),  Asst.  Chief  Engr  ,  Can.  Industries  Ltd.. 

Beaver  Hall  Bldg.,  Montreal,  Que.     (H)  4378  Harvard  Ave.     (A.M.  1921) 
TAIT.  Isaac  Jos.,  Cons.  Engr.,  and  Marine  Surveyor.  486  St.  John  St.,  Mont- 
real, Que.     (//)  Apt.  16,  2054  .Sherbrooke  St.  W.     (A.M.  1918)     (M.  1923) 
TAIT,  J.  L.  M.,  Dom.  Bridge  Co.,  Ltd.,  Lachine,  Que.     (H)  113  Birch  Ave.,  St. 

Lambert,  Que.     (A.M.  1922) 
TALBOT,  Charles,  County  Engr  ,  Middlesex  County,  London,  Ont      (H)  26 

Cynthia  St.     (A.M.  1921) 
TALMAN.  Stephen  G.,  Dftsman.,  Water  Distribution  Section,  City  of  Toronto. 

511  Richmond  St.  W,  Toronto  2,  Ont.     (//)  88  Delaware  Ave.    (A.M.  1914) 
TANNENBAUM.  J.,  B.Eng.,  (McGill  '34),  5344  Jeanne  Mance  St.,  Montreal, 

Que.     (S.  1934) 
G.TAPLEY,  Alexander  G.,  Asst.  Engr.,  D.P.W.,  Canada,  Halifax.  N.S.      (//)  65 

Walnut  St.     (.S.  1904)     (A.M.  1909) 

TAPLEY,   Donald   Gordon.   B..Sc.,    (N.S.T.C.    '34),   65   Walnut  St  ,    Halifax, 

N.S.     (S.  1934) 

TAPLEY,  Frederick  B,  Engr.,  Mtce.  of  Way,  C.N. R.,  Winnipeg,  Man.  (//)  198 
Montrose  St.     (A.M.  1910)     (M.  1919) 

TARR,  Francis  G.  A.,  B.A.Sc,  (B.C.  '26),  372  Mark  St.,  Peterborough.  Ont 

(S.  192G) 

TASSfi,  Yvon-Roma,  B..\.Sc,  (Ecole  Polytech.  '35),  Can.  Gen.  Elei^  Co.  Ltd  , 
Peterborough,  Ont.  (//)  4683  Christophe  Colomb,  Montreal,  Que.     (S.  1934) 

TASSIE,  Robt.  Wilson,  B.E.,  (Adelaide  '07),  M.E.,  (Cornell  '09),  Mgr  , 
Venezuela    Power    Co.    Ltd.,    Apartado    146,    Maracaibo,    Venezuela,    S.A 

(M.  1929) 

cTTATE,  Harry  Wm.,  Major,  B.A.Sc.,  (Tor.  '10),  O.L.S.,  D.L.S..  Asst.  Mgr., 
Toronto  Transportation  Conim'n.,  Public  Utilities  Bldg.,  Toronto,  Ont 
(H)  14  Glengowan  Rd.     (S.  1909)      (A.M.  1913) 

TATHAM.  W.  C.  B.Eng.,   (McGill  '35),  3()47  University  St.,   Montreal.  Que 

(//)  Elora,  Ont.      (.S.  19.i5) 

c/'TAUNTON.  Arthur  J.  S.,  Major,  D.S.O.,  B.Sc,  (Man.  '12),  D.P.W.,  Canada 
Winnipeg,  Man.      (//)  930  Somerset  Ave.     (S.  1909)     (A.M.  1914) 
TAYLOR,  A.  J.  T.,  4  Cleveland  Square,  St.  James,  London,  S.W.I.     {M.  1923) 


TAYLOR,  Andrew,  B.Sc,  (Man.  '31),  M.L.S.,  D.L.S.,  Tech.  Dftsman..  Dopt. 

Mines  and  Natural  Resources,  .346  Legislative  Bldg.,  Winnipeg.  Man.    (H)  346 

Union  Ave.     (Jr.  1934)     (A.M.  1934) 
TAYLOR,  Bruce  S.,  B.Sc,  (Queen's  '29),  Traffic  Dept.,  Bell  Telephone  Co   of 

Canada,  Montreal,  Que.     (S.  1929) 
TAYLOR,  Frank,  Rt.  of  Way  and  Tax  .\gent,  C.P.R.,  Montreal,  Que.     (H)  599 

Roslyn  Ave.,  Westmount,  Que.     (S.  1898)     (A.M.  1903)     (M.  1910) 
cfT.VYLOR,   Frank   H,,   Capt.,   M.C.,   B.A.Sc,   (Tor.   '21),   Transmission  Engr 

Lehigh  Structural  Steel  Co.,   Rm.   1143,   17  Battery   PI.,   New  York,   NY 

(//)  3532-168th  St.,  Flushing,  L.I.      (.5.  1920)      (A.M.  1925) 
T.iYLOR,  Gilbert  Ferguson,  Engr.,  Bridges  and  Structures,  City  of  Ottawa, 

Transportation  Bldg.,  Ottawa,  Ont.     (A.M.  1924) 
cTTAYLOR,  Gordon  R.,  Major,  Grafton,  Ont.      (Jr.  1912)     (A.M.  1919) 
TAYLOR,  Howard  Smith,  B.C.E.,  (Maine  'Ot),  238  Grove  Ave.,  Sarasota,  Flori- 
da.    (M.  1923) 
TAYLOR,  Jas.  Lawrence,  Barriefield,  Ont.     (>S.  1934) 
TAYLOR,   MoRLEY  Gladstone,   B.Sc,    (N.S.T.C.   '27).   M.Sc,   (M.I.T.   '31), 

.Supt.,  Venezuela   Power  Co.   Ltd..   Maracaibo,  Venezuela.     (H)   Parrsboro 

N.S.     (S.  1927)      (Jr.  1929) 
TAYLOR,  Thom\s,  C.E..  (Tor.  '07),  Engr.  of  Rlys.  and  Bridges,  Dept.  Work* 

Rm.  313,  City  Hall,  Toronto,  Ont.     (H)  94  Melrose  Ave.     (M.  1916) 
TAYLOR,  W.  R.  C.  B.Sc,  (Man.  '29),  135  Provencher  Ave  ,  St.  Boniface,  Man 

(.S'.  1928)      (Jr.  1934) 
d'TAYLOR-BAILEY,  F.  W.,  Capt.,  M.C..  B.Sc,  (McGill  '16),  Vice-Pres.,  Dom. 

Bridge  Co.,  Ltd.,  P.O.  Box  4016,  Montreal,  Que.     (H)  3018  Trafalgar  Ave 

(.S.  1915)     (A.M.  1919)     (M.  1930) 
TEAZE,   Moses  Hay,  B.Sc.  (Worcester  '17),  Partner,  H.  S    Ferguson,  Cons. 

Engr.,  200  5th  Ave.,   New  York,   N.Y.     (H)  31  Clarendon  PI.,  Bloomfield. 

N.J.     (M.  1926) 
(^TEMPEST,   Frank   C,   Lieut.,    R.N.V.R.,    Refinery   Engr.,   Tropical   Oil   Co., 

Barranca,  Bermeja,  Colombia,  S.A.     (//)   2902^th  St.   W.,  Calgary,  Alta  , 

Canada.     (Jr.  1920)     (A.M.  1926) 
TEMPEST,    John   Sugden.    3902-4th    St.    W..    Calgary,    Alta.     (A.M.    1907) 

(M.  1920)     (Life  Member) 
tTEMPLEMAN.   Geo.   Earl,   Chief  Engr.,   Electrical  Commn.   of  the  City  of 

Montreal.  Rm.  817.  Power  Bldg  ,  Montreal,  Que.     (//)  147  Strathearn  Ave. 

(A.M.  191.9)      (M.  1927) 
TENNANT,   David   Cow.\n,   B.A.Sc.    (Tor.),   Engr.,    Dom.   Bridge  Co.   Ltd., 

Montreal,  Que.     (H)   156  Easton  Ave.,  Montreal  West,  Que.     (A.M.  1906) 

(M.  1911) 
(fTHEAKSTON,  Harold  Raymond,  Lieut.,  B.Sc,  (N.S.T.C.  '21),  Prof,  of  Engrg. 

and   Engr.    i/c    Bldgs.    and   Grounds,   Dalhousie   University,    Halifax,    N.S. 

(H)  27  Oakland  Rd.     (Jr.  1921)      (A.M.  192.5) 
THEUERKAUF,   ,\lexander  Paul,  B.A.,  Consultant,   Dom.   Steel  and  Coal 

Corpn.  Ltd.,  Sydney,  N.S.     (//)  5  Inglis  St.     (M.  1921) 
d'THEXTON,  Robert  Donald,  Major,  Box  99,  Oxford,  N.S.     (Jr.  1919)     (A.M 

1922) 

THIAN,  Prosper  E.,  A  B  .  Cons.  Engr.,  N.P.  Ry.,  St.  Paul,  Minn.     (H)  93  N. 

Lexington  Ave.     (M.  1906) 
THICKE,  J.  Ernest,  B.Sc,  (Queen's  '28),  Aluminium  Ltd.,  1000  Dominion  Sq. 

Bldg..  Montreal,  Que.     (S.  1926)     (Jr.  1931) 
THOM,  J.  Edwin,  B.A.Sc,  (Tor.  '32),  Mech.  Engr.,  Imperial  Oil  Ltd..  Regina, 

Sask.     (H)  2220  College  Ave.      (S.  1.932) 
THOMAS,  Arthur.  Survey  Engr.,  Geographical  Sec,  Dept.  National  Defence. 

Ottawa,  Ont.     (H)  .39  Brighton  Ave.     (A.M.  1926) 
THOMAS,  C.  Oldreive,  4225  Beaconsfield  Ave.,  Montreal,  Que.     (A.M.  1922) 
THOMAS,    Davil    Rhys.    Mining   Engr.   2001    Bloor   St     W..   Toronto     Ont. 

(A.M.  1904)     (M.  1913) 
THOMAS,  Geo    H  ,  Siscoe  Gold  Mines,  Siscoe,  Que.     (//)  570  Claremont  Ave., 

Westmount,  Que.     (S.  1933) 
TH0M.\S,  Geo.  Nevil,  Mgr..  Engrg.  and  Contract  Sect.,  Can.  Gen.  Eiec.  Co 

Ltd.,  Toronto,  Ont,     (H)  231  Wychwood  Ave.     (M.  1924) 
THOMAS.  Jas.  MacLeod.  B.Sc.  (N.B.  '33),  23.>  Waterloo  Row,  Fredericton, 

N.B.      (S.  1935) 

THOMAS,  Wm.  F..  B.Sc.  (McGill  '30).  Address  unknown.     (S.  1928) 
THOMPSON,    Frank    Blashford.    Mgr,    Tech.    Papers    Divn..    Ronalds   Ad- 
vertising  Agency.   Ltd.,   Kcefer  Bldg.,   Montreal,  Que.     (//)   Apt.   20,   5192 

Decarie  Blvd.     (S.  1921)      (Affil  1.930) 
THOMPSON,  Frank  Lawrence,  B.Sc,   (N.S.T.C.  '32).  Tech.  .Service  Engr  , 

Imperial    Oil     Ltd.,    Box    490.    Dartmouth,    N.S.       (H)    96    Highfield    St., 

Moncton,  N.B.      (,S'.  1930)      (Jr.  19.i,5) 
THOMPSON,  Fred.  Gerard,  B.Sc,  (N.B.  '25),  Hillsborough,  N.B.     (Jr.  1929) 
cfTHOMPSON.  George  Harry,  B.Sc,  (McGill  '13),  Chief  Engr.,  Calgary  Power 

Co.    Ltd.,    Insurance   Exchange   Bldg.,    Calgary,    Alta.     (//)    822    Riverdale 

Ave.     (A.M.  1921) 
THOMPSON,   Harry  A..  B.Sc  .   (Sask.   '27),   Eraser  Cos.  Ltd.,  Box  686,  Ed- 

mundston,  N.B.     (S.  1927)     (A.M.  1931) 
o^THOMPSON,  Howard  Grant,  2nd  Lieut.,  B.A.Sc,  (Tor.  '22),  Mgr.,  Toronto 

Office,  Can.  Vickers,  Ltd.,  802  Federal  Bldg..  85  Richmond  St.  W.,  Toronto. 

Ont.      (H)  4  Dawlish  Ave.      (.S".  1920)      (Jr.  1923)      (A.M.  1928) 
cfTHOMPSON,  J.  H.,  Lieut.,  R.N.C.V.R.,  B.Sc,  Chief  Engr..  Can.  Marconi  Co., 

211  St.  Sacrament  St.,  Montreal,  Que.     (H)  2  Parkside  Ave.,  Montreal  West, 

Que.     (A.M.  1917) 
(/THOMPSON,  Norman  Albert,  Major,  B.Sc,   (McGill  '12),  Hydraulic  Engr.. 

Dept.  Marine.  532  Hunter  Bldg.,  Ottawa,  Ont.     .\ddress:  c/o  Can.  Bank  of 

Commerce,  Windsor,  Que.     (A.M.  1921) 
THOMPSON.  Philip  Manly.  B.A.Sc,  (Tor.  '08),  Deputy  Commr.  of  Bldgs., 

City  of  Toronto,  Toronto,  Ont.     (//)  27  South  Drive.     (A.M.  1921) 
THOMPSON,    Robert,    B.Eng,    (McGill   '35),    157-17th    Ave,    Lachine.   Que. 

(S.  1935) 

d'THOMPSON.  Trevor  Creighton,  B.Sc.  (McGill  '20),  Engr..  The  Bell  Tele- 
phone Co.  of  Canada,  Montreal,  (^ue.  (//)  4870  Cote  des  Neiges  Rd. 
(Jr.  1921)      (A.M    1931) 

THOMPSON,  Vincent  Swire,  Designer,  Hamilton  Bridjie  Co.,  Ltd.,  Hamilton, 
Ont.     (//)  92  Duke  St.      (A.M.  1931) 

THOMPSON,  William  Kirk,  M.A.Sc,  (Tor.  '22),  Metallurgist,  U.S.  Metals 
Refining  Co.,  Carteret,  N.J  (//)  525  Amboy  Ave..  Woodbridge,  N.J. 
(A.M.  1920) 

THOMPSON,  Wm.  Lennox,  B.A.Sc,  (Tor.  '27),  Sales  Service  Engr.,  Bailev 
Meter  Co.  Ltd..  Rm.  .58.  980  St.  Antoine  St..  Montreal,  Que.  (S.  19i3) 
(Jr.    1929)      (A.M.  193.'i) 

tTHOMPSON,  Wm.  T..  M.A.Sc,  D.L.  and  D.T.S  ,  S.L.S.,  M.L.S..  Private 
Practice.  Surveyor  and  Engr.,  Box  1.  Cranberrv  Portage,  Man  (H)  The 
Lodge.     (A.M.  1894)     (M.  1910)     (Life  Member) 
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THOMSON,   Alexander,    Instr'raan.,    Lethbridge    Northern   Irrigation    Dist., 

Lethbridgc,  Alta.     (//)  323-6th  Ave.  A.  S.      (Jr.  1.922)      (A.M.  1925) 
THOMSON,   Clarence,   B.Sc  ,   (McGill  '97),   Sef.-Treas..  Fred  Thomson  Co. 

Ltd.,  915  St.  Genevieve  St.,  Montreal,  Que.     (//)  Apt.  C-43,  3490  Cote  de.s 

Xeiges  Rd.     (A.M.  1899)     (M.  1931) 
THOMSON,    Elihc,    B.Sc,    (McGill   '311,    Northern   Electric   Co.    Ltd.,    1261 

Shearer  St..   Montreal,   Que.     (//)    69,5   Grosvenor   Ave.,   Westmount,   Que 

(.S.  1929) 
THOMSON,  Frederick,  Pres.,  Fred  Thomson  Co.  Ltd.,  915  St.  Genevieve  St., 

Montreal.  Que.     (H)  695  Grosvenor  Ave.,  Westmount,  Que.     (M.  1889) 
G.tTHOMSON,  Lesslie  R.,  B.A.Sc,  (Tor.  '06),  Cons.  Engr  ,  1062  New  Birks  Bldg., 

Montreal,  Que.     (H)  5626  Woodbury  Ave.     (A.M.  1911)     (M.  1919) 
THOMSON.  Reginald  Hebeb,  A.B.,  A.M.,  Ph.D.,  Cons.  Engr.,  925  Seaboard 

BIdg.,  Seattle,  Wash.     (H)  16.36-.34th  Ave.     (M.  1913)     (Life  Member) 
tTHOMSON,  T.  Kennard,  D.Sc,  C  E,,  (Tor.  '86),  Cons.  Engr.,  32  West  40th 

St.,  New  York,  N.Y.     (H)  30  Madeline  Parkway,  Yonkers,  NY.     (M.  1905) 
tTHOMSON,   W.   Chase,  Cons    Engr.,  437  St.  James  St.  W.,   Montreal,  Que. 

(H)  5551  Queen  Mary  Rd.     (S.  1887)     (A.M.  1894)     (M.  1900) 
THOMSON,  Wm.  .Iohn,  B.Sc  .  (Queen's  '27),  Chemist,  Abrasive  Co.  of  Canada, 

858  Burlington  St.,  Hamilton,  Ont.      {//)  75  Gore  St.      (Jr.  1931) 
THORN,    Richard,    Asst.    Meter   Engr.,    Imperial   Oil   Ltd.,    Imperoyal,   N.S 

(H)  11  MacKay  St,  Dartmouth,  N.S.     (S.  1930) 
THORNE,    B.    L,    Mining    Engr,    Dept.    Nat.    Res,    C.P.R.,    Calgary,    Alta 

(H)  .3027-6th  St.  S.W.      (M.   1914) 

THORNE,  C.  B.,  Vice-Pres.,  Can.  International  Paper  Co.,  Hawkesbury,  Ont. 

(M.  1914) 
THORNE,  H.  L.,  B.A.Sc,  (B.C.  '.34),  Pioneer  Gold  Mines  of  B.C.  Ltd.,  Pioneer 

Mines  P.O.,  B.C.     (H)  2455  W.  6th  Ave  ,  Vancouver,  B.C.      (.S'.  1928) 
THORNTON,  Kenneth  B.,  Gen.  Mgr.,  Montreal  Tramways  Co.,  159  Craig  St. 

W.,    Montreal,   Que      (H)    1581    MacGregor   St.     (5.    1894)     (A.M     1899) 

(M.  1920) 
THORNTON,   Louis  Augustus,   B.A.,   B.Sc,   (Queen's  '06),   Chairman,   Sask. 

Power  Comm.,  Regina,  Sask      (//)  2244  Smith  St.     (M .  191.5) 
THRUPP,  E,  C,  2626-13th  Ave.  W.,  Vancouver.  B.C.     (A.M.  1913)     (M.  1936) 
cfTHURBER,  Geo.   Henry,  Asst.   Engr.,   D.P.W.,   P.O.  Box   1417,  Saint  ,Iohn, 

N.B.     (H)  244  Princess  St.     (Jr.  1920)     (A.M.  1923) 
THWAITES,  .Jos.  Taylor,  B.Sc,  (Queen's  '25),  Engr.,  Can.  Westinghouse  Co., 

Hamilton,  Ont.      (H)  144  Stirton  St.      (S.  1924)      (Jr.  1928) 
TIBBITTS,  a.  G.,  B.Sc,   (N.S.T.C.   '31),   Asst.   Engr.,  Acadia  Sugar  Refining 

Co.   Ltd.,   P.O.   Box  400.   Woodside,   Dartmouth,   N.S.     (H)   Chadwick   St. 

(S.  1930) 

tTIGHE,  .Iames  L  ,  B.A.Sc,  (McGill  '92),  Cons.  Civil  and  Hydr.  Engr.,  Tighe 
&  Bond,  Cons.  Engrs,  189  High  St.,  Holyoke,  Mass.  (S.  1890)  (A.M.  1900) 
(M.  1906) 

cTTILLSON,  Laurence  B.,  Lieut.,  M.C.,  B.A.Sc,  (Tor.  '15),  Address  unknown. 

(S.  1914)     (A.M.  1920) 
TIMLECK,  C.  .1.,  B.A.Sc,  (B.C.  '26),  Sales  Engr.,  Can.  IngersoU-Rand  Co., 

Ltd.,    175  McDermot  Ave.  E.,  Winnipeg,   Man.      (H)  Ste.  22,   Royal  Oak 

Court.      (S.  1023)      (Jr.  1931) 
TIMM,    Charles    Henry,    Dom.    Bridge   Co.    Ltd.,    Lachine,    Que.     (H)    343 

Lansdowne  Ave.,  Westmount,  Que.     (A.M.  1919) 
TIMM,  C.  Ritchie,  B..Sc,  (McGill  '30),  Dom.  Engineering  Co.  Ltd.,  Montreal, 

Que.     (//)  .343  Lansdowne  Ave.,  Westmount,  Que.     (S.  1928) 
TIMMINS,  Wilbur  W.,  B.A.Sc,  (Tor.  '23),  Manufacturers  Agent,  344  Univer- 

nity  Tower,  Montreal.  Que.;  Owner,  Zenith  Engrg.  Co.    (H)   160-51st  Ave., 

Dixie.  Que.     (A.M.  193,5) 
TIMMIS,  Harold  G.,  B.Sc,  (McGill  '23),  Supt.,  Groundwood  Sulphite  and  Wood 

Preparing  Depts.,  Laurentide  Div.,  Consolidated  Paper  Corpn.   Ltd  ,  Grand' 

Mere,  Que.     (S.  19"1)     (A.M.  1929) 

TINKLER,  Howard  H.,  B.Eng.,  (McGill  '33).  Apt.  1,  4140  St.  Urbain  St., 
Montreal,  Que.     (S.  1933) 

cfTITUS,  Harrison  Burrell,  Lieut.,  Transitman,  33  Archibald  St.,  Moiicton, 
N.B.     (A.M.  1021) 

TOBEY,  Wilmot  Maxwell,  M.A.,  (Tor.  '00),  D.L.S.,  D.T.S.,  Asst.  Dir., 
Geodetic  Survey  of  Canada,  Dept.  Inter.,  Ottawa,  Ont.  (H)  231  Fourth 
Ave.     (M.  1919) 

cTTODD,   .John  Cecil,   Lieut.,   Dist.   Engr.,   Dept.   Highways,  Sask.,   Rosetown, 
Sask.     (A.M.  1921) 

TOLLINGTON,  Gordon  Chas.,  B.Sc,  (Alta.  '32),  Designing  Engr.,  Can.  Gen. 

Elec.  Co.,  Ltd,  Peterborough,  Ont.     (//)  351  Charlotte  St.     (S.  1932) 
TOMS,    Lewis    W.,    2.320    Windsor    Rd.,    Victoria,    B.C.     (A.M     1889)     (Life 

Member) 

cfTOOKER,  Guy  L.,  M.C,  Asst.  Engr.,  Roads  Dept.,  City  of  Vancouver,  B.C. 

(//)  1272  Connaught  Dr.     (S.  1904)     (Jr.  1913)     (A.M.  1930) 
cCTOOKER,    Hugh    Wakefield,    Div.    Engr.'s    Office,    C.N.R.,    Calgary,    Alta 

(//)  822-A  Hillcrest  Ave.,  Mount  Royal.     (A.M.  1920) 
cTTOOVEY,   Thos,    Wm.,   Cons.   Engr  ,   Sulphite  Cellulose  Expert,    Harmanezer 

Papierfabrik,  Harmanec,  Nr.  Banske  Bystrice,  Czechoslovakia.     (A.M.  1933) 
d'TOPPING,  Victor,  M.A.,  B.Sc,  (Tor.  '17),  (C.E.,  24),  Cons.  Engr.,  64  Bins- 

carth  Rd.,  Toronto,  Ont.     (A.M.  1923) 
TORRENS,  Grover  Carleton,  B.Sc,  (N.B.  '06),  Div.  Engr.,  C.N.R.,  Moneton, 

N.B.     (//)  202  Queen  St.     (A.M.  1921) 
TOUPIN    v.,  B.A.Sc,  (Ecole  Polytech.,  Montreal,  '2.5),  St.  George  Construction 

Co.,   Ltd.,  4820-4th   Ave.,  Rosemount,   Montreal,  Que.     (H)  2186  Souvenir 

Ave.      (.S.  1925)      (Jr.  1928)      (A.M.  1932) 
TOUZIN,  Thos.,  B.Sc,  (Ecole  Polytech.,  Montreal  '23).  Montreal  Water  Bd., 

Montreal,  Que.     (//)  4214  Chambord  St.     (Jr.  1925) 
d'TOWNSHND,   Chas.    Rowlatt,    B.Sc.    M.Sc.    (N.B.    '20,    '23),   Consolidated 

laper   Corpn.    Ltd;    Mgr.,   Anticosti   Island,   Port   Menier,   Anticosti,   Que. 

(AJJil.  1927)      (A.M.  1934) 

TOWNSEND  David  1-  B.A.Sc,  (Tor.),  D.L.S.,  O.L.S.,  A.L.S..  Chief  Sur- 
veyor, D.N.R.,  C.P.R,  Calgary,  Alta.  (H)  3810-7th  St,  W.  (.S.  1904) 
(A.M.  1913) 

TOWNSEND,  Gilberts.  B.,  Str'l.  Engr.,  Ro.ss  &  Macdonald,  Inc.  11.35  Heavor 
Hall  Hill.  Montreal,  Que.     (//)  10  Highland  Ave      (A.M.  1.909) 

TOY,  Edwin  L.,  B.Sc,  (N.B.  '31).  St,  G.-orgc  Pulp  and  PapfrCo.  Ltd  ,  Si  George 
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WISE.  Alfred  J..  B.Sc,  M.Sc,  (McGill  '27),  6648-3rd  Ave  ,  Rosemount,  Mont- 
real. Que.     (S. 


WISHART.  W.  D..  B.Sc.  (Man.  '31).  Lieut..  R.CCS..  Camp  Borden.  Ont. 

(S.  1932)      (Jr.  1934) 
WITHROW.  J.  Frederick  D.,  (Tor.  '00),  Reg'd.  Patent  Attorney,  Hazard  & 

Miller,  706  Central  Bldg.,  Los  Angeles,  Calif.     (H)  5251  La  Roda  Ave.,  Eagle 

Rock  P.O.     (A.M.  1921) 
WOLFF,  Aage  Oscar,  Div.  Engr.,  C.P.R.,  London,  Ont.     (H)  504  Baker  St. 

(A.M.  1920)      (M.  1926) 
WOLFF,  Martin,  442  Argyle  Ave.,  Westmount,  Que.     (S.  1906)     (A.M.  1911) 
WONG,  Henry  G.,  B.Eng.,  (McGill  '35),  1090  Chenneville  St.,  Montreal,  Que. 

(S.  1934) 
WOOD.  Albert  L..  B.Sc.  (N.S.T.C,  '33).  14  Black  St..  Halifax.   N.S.   (S.  1930) 
WOOD.  Charles  O.,  154  Cameron  St..  Ottawa.  Ont.     (A.M.  1904) 
WOOD.  D.  W..  B.Sc.  (Sask.  '31),  Can.  Westinghouse  Co.  Ltd.,  Hamilton,  Ont. 

(H)  163  Jackson  St.  W.     (S.  1931) 
cfG.tWOOD.  Frederick  Morris.  M.A..  B.Sc.   (Queen's  '14),  Asst.  Prof..  McGill 

University.  Engrg.  Bldg.,  Montreal.  Que.     (H)  6-44th  Ave..  Lachine,  Que. 

(A.M.  1920) 
d'WOOD,  George  Howard,  Lieut.,  B.A.Sc.  (Tor.  '17),  C.E..  '30.  Asst.  Engr.. 

Dom.  Water  Power  and  Hydrometric  Bureau.  Dept.  Inter.,  Niagara  Falls, 

Ont.     (//)  1929  Delaware  St.      (Jr.  1921)     (A.M.  1922) 
WOOD,  Jas.  Robt.,  (A.R.T.C  '11),  Asst.  City  Engr.,  City  Hall,  Calgary.  Alta. 

(H)  818-18th  Ave.  W.      (A.M.  1919)     (M.  193.5) 
WOOD.    Robert.    B.Sc.    (McGill   '24).    Executive   Asst..    Quebec    Power   Co  . 

Power  Bldg..  Quebec,  Que.     (H)  58  Brown  Ave.     (S.  1921)     (A.M.  1934) 
WOODARD,  Silas  H.,  B.Sc,  (Mich.  '99),  Cons.  Engr.,  10  East  40th  St.,  New 

York.  N.Y.     (M.  1910) 
WOODHALL,  T.  L..  B.Sc,  (Man.  '30).  (M.Sc.  '34).  441  College  Ave..  Winnipeg 

Man.     (S.  1930) 
WOODM.\N,  John.  Engr.  and  Arch't.,  504  River  Ave..  Winnipeg.  Man.     (A.M 

1896)      (M.  1897)      (Life  Member) 
WOODS,  Francis  Cedric,  B.Sc,  (N.B.  '27),  City  of  Westmount,  City  Hall, 

Westmount,  Que.     (H)  759  Moffat  .'Vve.,  Verdun,  Que.     (S.  1927) 

WOODS,  Jos  Edward,  252  Wilbrod  St.,  Ottawa,  Ont.  (A.M.  1887)  (Life 
Member) 

WOODS,  Wm.  Daniel,  B.Sc,  (N.S.T.C.  '31),  Armdale  P.O..  Halifax,  N.S. 
(S.  1930) 

WOODSIDE,  Jas.,  B.A.I.,  (Dublin  '14),  Engr.,  Can.  Hydro-Electric  Corp.  Ltd., 
140  Wellington  St..  Ottawa,  Ont.     (H)  43  Fulton  Ave.     (A.M.  1926) 

WOODYATT,  James  Blain,  B.Sc,  (McGill),  Pres.  and  Gen.  Mgr.,  Southern 
Canada  Power  Co.  Ltd.,  355  St.  James  St.,  Montreal,  Que.  (H)  3197  West- 
mount  Blvd.,  Westmount,  Que.     (S.  1907)     (A.M.  1916)     (M.  1931) 

WOOLSEY,  John  T.,  Lieut.,  Work  Point  Barracks.  Esquimalt,  B.C.  (H)  499 
Gilmour  St..  Ottawa,  Ont.      (S.  1932) 

cfWOOLWARD,  Charles  Desmond,  B.Sc,  (McGill  '23),  Sales  Engr.,  Electric 
Tamper  and  Equipment  Co.  of  Can.  Ltd.,  Rm.  801,  Keefer  Bldg..  Montreal. 
Que.     (S.  1921)      (Jr.  1926)      (A.M.  1930) 

WOOTTON.  Allan  S.,  Chief  Engr.,  Bd.  of  Parks  Commrs.,  Stanley  Park.  City 
of  Vancouver,  B.C.  (//)  975  Lagoon  Dr..  Vancouver.  B.C.  (M.  1923) 
(Member  of  Council,  E.I.C.) 

WORCESTER.  Wolsey  Garnet,  (Ohio  "99),  Prof.,  Ceramic  Engrg.,  University 
of  Saskatchewan,  Saskatoon,  Sask.     (M.  1923) 

cfWORKMAN,  Samuel  Eraser,  Major.  M.C,  c/o  Quadra  Club,  Vancouver,  B.C. 

(A.M.  1920) 

WORKMAN,  Wm.  Ross,  B.A.Sc,  (B.C.  '30),  Coal  Creek,  B.C.     (S.  1927) 

WORTHINGTON,  Wm.  Robert,  B.A.Sc,  (Tor.  '05),  Pres.,  W.  R.  Worthington 
Constrn.  Co.  Ltd.,  Toronto,  Ont.     (H)  57  Lascelles  Blvd.     (A.M.  1916) 

WOZNOW,  John,  B.Sc,  (Alta.  '35),  University  of  Alberta,  Edmonton,  Alta. 
(H)  Medicine  Hat,  Alta.     (S.  1935) 

WRANGELL,  K.  F.,  Mech.  Engr.,  E.  B.  Eddy  Co.  Ltd..  Hull.  Que.  (Jr.  1.931) 
(A.M.  19.36) 
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WRIGHT.  Arch'd.  E.,  West  Kootenay  Power  and  Light  Co.  Ltd.,  Box  76, 

Ro.ssland,  B.C.     (M.  1920) 
(fWRIGHT,  Athol  C,  Capt.,  Supt.,  Jasper  National  Park,  Jasper,  Alta.    (S.  1908) 

{AM-  1919)     m.  19S2) 
WRIGHT,  C.  A.,  B.Sn..  (N.S.T.C,  '35),  Can.  Gen.  Elec.  Co.  Ltd.,  Peterborough, 

Ont.     (H)  333  Reid  St..  Peterborough,  Ont.     (S.  1930) 
WRIGHT,  C.  H.,  B.A.Sc,  (McGill  '96),  Dist.  Mgr.,  Can.  Gen.  Elec.  Co.  Ltd., 

Halifax,  N.S      (.H)  110  Oxford  St.     (M.  1918) 
WRIGHT,  George  R.,  B.A.,  (Mt.  All.  '03),  B.Se.,  (McGill  '07),  Dist.  Mgr.,  Can. 

Gen    Elec.  Co.  Ltd.,  1065  Pender  St.  W.,  Vancouver,  B.C.     (H)   1541-29th 

Ave.  W.     (A.M.  1920) 
WRIGHT,  H.  Sinclair,  B.Sc,   (N.S.T.C.  '27),  Gen.  Supt.  and  Chief  Engr., 

Demerara  Elec.   Co  ,   Ltd.,  Georgetown,  British  Guiana.     (H)   St.   Peter's, 

N.S.,  Canada.     (S.  1922)     (Jr.  1931) 
WRIGHT,  Jame.s  A.,  James  A.  Wright  &  Associates,  P.O.  Box  25,  Ontario,  Cal. 

(H)  1229  S.  Palmetto  Ave.     (M.  1922) 
WRIGHT,  Noel  N.,  B.Sc,  (Illinois  '28),  Sales  Engr.,  Ferranti  Electric  Ltd.,  .508 

Power  Bldg.,  Montreal,  Que.     (H)  5876  Somerled  Ave.     (Jr.  1928) 
WURTELE,  John  Stone  Hunter,  Vice-Pres.  and  Plant  Mgr.,  Southern  Canada 

Power  Co.;  Plant  Mgr..  Power  Corpn.  of  Canada,  355  St.  James  St.,  Montreal, 

Que.     (//)  756  Upper  Lansdowne  Ave.,  Westmount,  Que.     (M.  1017) 
WYLLIE,  F.  J.,  B.Sc,  10913-73rd  Ave.,  Edmonton,  Alta.     (S.  1932) 
cfWYMAN,  Hugh  Kennedy,  Lieut.,  M.C.,  M.M.,  B.A.Sc,  (Tor.  '15),  15  Cham- 
plain  St.,  Shawinigan  Falls,  Que.     (A.M.  1925) 
cfWYM-^N,   John   Kirby,   Major,   B.Sc,   Supt.,   Govt.   Grain  Elevators,   Dept. 

RIys.  and  Canals,  Prescott,  Ont.     (H)  350  James  St.     (S.  1907)     (A.M.  1912) 
WYNN,  Guy  Montague,  Vice-Pres.,  T.  Pringle  &  Son,  Ltd.,  410  St.  Nicholas 

St.,  Montreal,  Que.     (H)  2985  Cedar  Ave.     (A.M.  1916)     (M.  1926) 


d"YACK,    Wilfrid    Laurier,    B.A.Sc,    (Tor.    '22),    Babcock-Wilcox    &    Goldie- 

McCulloch  Ltd.,  Montreal,  Que.     (//)  3454  Walkley  Ave.     (A.M.  1929) 
YARROW,   N.  A.,  Gen.   Mgr.,  Yarrows,  Ltd.,  P.O.   Box  820,  Victoria,  B.C. 

(A.M.  1918) 
YAPP,   Raymond   A.,   B  Sc,   (London   '21),   Sales   Mgr.,   Bepco   Canada  Ltd., 

1050  Mountain  St.,  Montreal,  Que.     (H)  5027  Glen  Cairn  Ave.    (A.M.  1934) 
YATES,  John  Munro,  147  Lambton  Ave.,  Toronto  9,  Ont.     (S.  1933) 
YEOMANS,  R.  H.,  B.Sc,  (McGill  '30),  .Northern  Electric  Co,  Ltd.,  1261  Shearer 

St.,  Montreal,  Que.     (H)  55  Wolseley  Ave.,  Montreal  West,  Que.     (S.  1928) 

(Jr.  1933) 
YORGAN,  Wm.  Jas.,  Supt.,  Mains  Services  Gas,  Montreal  L.,  H.  and  P.  Cons., 

107  Craig  St.  W.,  Montreal,  Que.     (H)  3791  Vendome  .Ave.     (A.M.  1932) 


YORK,  Fred.  Gilbert,  B.Eng.,  (McGill  '35),  1441  Drummond  St.,  Montreal, 

Que.     (S.  1935) 
YORSTON,  Wm.  G.,  (R.M.C.,  Kingston),  Queen  St.,  Truro,  N.S.     (M.  1914) 

(Life  Member) 

YOST,  Winfield  Hancock,  Pres.,  Yost  Rly.  Supplies  Ltd.,  Montreal,  Que 
(//)  4050  Marlowe  Ave.  (A.M.  1924) 
cftYOUNG,  Alexander  A.,  Major,  B.Sc,  (McGill  '10),  9  Willow  Ave.,  Westr 
mount.  Que.  (S.  1909)  (A.M.  1913) 
tYOUNG,  Clarence  R.,  Major,  B.A.Sc,  C.E.,  (Tor.  '05),  Prof,  of  Civil  En- 
gineering, Univ.  of  Toronto,  Toronto,  Ont  ;  Cons.  Engr.  (//)  119  Glcnayr 
Rd.     (S.  1903)     (A.M.  1908)     (M.  1913) 

YOUNG,  Gilbert  M.,  B.Sc,  (McGill  '34),  6347-24th  Ave.,  Rosemount,  Mont- 
real, Que.     (S.  1934) 

YOUNG,  John,  (Tor.  '07),  201  Scotia  St.,  Winnipeg,  Man.     (A.M.  1920) 

YOUNG,  John  Douglas.  B.Sc,  (Queen's  '27),  Bailey  Meter  Co.  Ltd.,  980  St. 

Antoine  St.,  Montreal,  Que.     (Jr.  1931) 
tYOllNG,  Roderick  Bearce,  B.A.Sc,  (Tor.  '13),  (C.E.,  '19),  Test.  Engr.,  i/c 
Chem.  and  Engrg.  Material  Labs.,  H.E.P.C.  of  Ontario,  620  University  Ave., 
Toronto,  Ont.     (//)  30  Brummell  Ave.     (S.  1911)     (Jr.  1916)     (A.M.  1918) 
(M.  1923) 

YOUNG,  Stewart,  B.A.Sc,  (Tor.  '12),  Director  of  Town  Planning,  Sask.,  Dept. 

Municipal  Affairs,  Regina,  Sask.     (//)  2822  Rae  St.     (A.M.  1917)     (M.19S5) 

Ser.-Treas..  Sank.  Br..  E.I.C.:  Member  of  Council,  E.I.Ci 
cTYOUNG,  W.  Brand,  Lieut.,  Trail's  End  Lodge,  Quesnel  Lake,  Likely  P.O.,  B.C. 

(A.M.  1919) 
YOUNG,  Wm.  R.,  B.Sc,  (Man.  '28),  c/o  Lamaque  Gold  Mines,  Ltd.,  Val  d'Or, 

Via  Amos,  Que.     (S.  1924) 
YOUNGER,  H.  R.,  B.Sc,  (McGill  '10),  Div.  Engr.,  C.P.R..  Box  534,  Nelson,  B.C. 

(A.M.  1913) 
cfYUILL,  A.  C.  R.,  Lieut.,  R.N.V.R.,  O.B.E.,  Cons.  Engr.,  626  Pender  St.  W., 

Vancouver,  B.C.     (H)  5162  Marguerite  St.     (A.M.  1919)      (M.  1927) 


rf'ZEALAND,   E.   L  ,   Lieut.,  B.A.Sc,   (Tor.   '24),   Dept.   Northern   Development, 

White  River,  Ont.     (H)  P.O.  Box  172,  Burlington,  Ont.     (S.  1920)     (Jr.  1924) 

(A.M.  1928) 
ZION,  Alfred  Bernard,  B.Eng.,   (McGill  '35),  Prod.  Engr,  Dom.  Lock  Co. 

Ltd.,  3770  Henri  Julien  Ave.,  Montreal,  Que.     (H)  5280  Byron  St.     (,S'.  1935) 
ZUERCHER,    Max,   4103    Marlowe   Ave.,    Montreal,   Que.     (M.   1889)     (Life 

Member) 

ZWICKER,  B.  H.  C,  B.Sc,   (N.S.T.C.  '30),  4  Tower  Terrace,  Halifax,   N  S 

(S.  1928) 
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(Names  of  Members  temporarily  on  the  Non-Active  List  have  not  been  included) 


ZONE  A 

(The  four  Western  Provinces.) 

Victoria  Branch  District 

{Vancouver    Island   and   the   Gulf   Islands 
Tributary  to  Vancouver  Island.) 

Albert  Head  (Br.  Res.),  Member,  J.  H.  Gray. 
Cadboro  Bay  (Br.  Res.),  Associate  Member,  \.  W. 

Ferguson. 
Duncan  (Br.  Non-Res.),  Associate  Member,  R.  H. 

Vaughan. 
East  Sooke  (Br.   Res.),  Associate   Member,   W.   F. 

Wilson. 
Headquarters  (Br.   Non-Res.),  .Associate  Member, 

H.  E.  Stevens. 
Nanalmo  (Br.  Non-Res.),  Associate  Member,  A.  G. 

Graham. 
Saanich  (Br.  Res.),  Member,  A.  L.  Ford. 
Victoria    (Br.    Res.),    Members,    R.    A.    Bainbridge, 

A.   L.  Carruthers,  E.   Davis,  J.  S.   Dennis,  G.   M. 

Duncan,  C.  W.  Gamble,  F.  C.  Green,  J.  E.  Griffith, 

A.  E.  Hodgins,  H.  T.  Hughes,  G.  M.  Irwin,  J.  C. 

MacDonald,  K.  Moodie,  G.  P.  Napier,  F.  J.  O'Reilly, 

G.  L.  Stephens,  H.  L.  Swan;    Assocla-TE  Members, 

J.  N.  Anderson,  I.  C.  Barltron,  J.  H.  "Blake,  W.  N. 

Bostock,  H.  F.  Bourne,  E.  C.  G.  Chambers,  R.  F. 

Davy,  W.  S.  Drewry,  M.  J.  Evans,  R.  C.  Farrow, 

S.  H.  Frame,  H.   N.  Gahan,  A    J.  Gray,  E.  I.  W. 

Jardine,   F.    W.    Knewstubb,   D.    MacBride,  J.    H. 

Mcintosh,  G.  Phillips,  L.  W.  Toms,  G.  M.  Tripp, 

N.  A.  Yarrow;   Juniors,  W.  M.  Davidson,  K.  Reid, 

C.  D.  Schultz;    Students.  J.  O.  Johnson,  W.  S.  B. 

Latta,  M.  C.   Nesbitt.  V.  Wiebe. 


Vancouver  Branch  District 

{The  balance  of  British  Columbia,  except  that 
allocated  to  Lethbridge  Branch.) 

Atlin  (Br.  Non-Re?.),  Associate  Member,  A.  M.  Ross. 
Bridge  River   (Br.   Non-Res.),  Associate   Member, 

S.  H.  Davis. 
Britannia  Beach  (Br.  Non-Res.),  Associate  Mem- 
ber, G.  W.  Waddington. 
Choate  (Br.  Non-Res.),  Associate  Member,  H.  L. 

Cairns;  Student,  E.  J.   Merrett. 
Deer  Park  (Br.  Non-Res.),  Associate  Member,  C.  S. 

Moss. 
Fort  St.  James  (Br.  Non-Res.),  Associate  Member, 

W.  M.  Ogilvie. 
Kamloops    (Br.     Non-Res.),     Associate     Member, 

C.  Varcoe. 
Kelowna  (Br.  Non-Res.),  Members,  F.  W.  Groves, 

G.  Stirling;  Associate  Member,  D.   K.  Penfold. 
Ladner  (Br.  Res.),  Associate  Member,  C.  E.  Cooper. 
Likely  (Br.   Non-Res.),  Associate  Member,  W.  B. 

Young. 
Nelson  (Br.   Non-Res.),  Member,  A.  L.  McCulloch; 

Associate  Members,  J.  P.  Coates,  H.  R.  Younger. 
New  Westminster  (Br.  Res.),  Members,  L.  B.  Elliot, 

J.  P.  Forde;     Associate  Members,  G.  D.  Dixon, 

W.   E.    Keyt,  J.   B.   Lambert,   G.   MacLeod,   F.   O. 

Mills,  C.  Raley,  E.  Smith,  G.  N.  Stowe;    Student, 

F.  E.  Ladner. 
Ocean  Falls  (Br.   Non-Res.),  Associate  Members, 

H.  M.  Lewis,  A.  S.  Mansbridge. 
Oliver   (Br.   Non-Res.),  Associate   Member,   D.   G. 

McCrae. 
Penticton  (Br.  Non-Res.),  Members,  F.  H.  Latimer, 

A.  McCulloch,  T.  E.   Naish;  Associate  Member, 

R.  A.  Barton. 
Pouce  Coupe  (Br.   Non-Res.),  Associate  Member, 

H.  L.  Hayne. 
Powell  River  (Br.  Non-Res.),  Member,  W.  Jamieson; 

Associate   Members,    N.    Beaton,   R.    Bell-Irving. 
Prince  Rupert  (Br.  Non-Res.),  Associate  Members, 

W.  L.  Stamford,  F.  S.  Walton. 
Premier  (Br.  Non-Res.),  Junior,  A.  I.  E.  Gordon. 
Rossland  (Br.  Non-Res.),  Member,  A.  E.  Wright. 
Salmo   (Br.   Non-Res.),  Associate  Member,   I.   M. 

Marshall. 
Salmon  Arm  (Br.  Non-Res.),  Associate  Member, 

V.    J.    Melsted. 
Smithers  (Br.  Non-Res),  Associate  Member,  R.  C. 

Davidson, 
Squamish    (Br.     Non-Res.),    Associate    Members, 

C.  L.  Bates,  D.  W.  Hodsdon. 
Trail    (Br.    Non-Res.),    Member,    L.    A.    Campbell; 

Associate    Members,    S.    C.    Montgomery,    A.    C. 

Ridgers,   H.    Viekers;      Junior,    C.    A.    Broderick; 

Students,   J.    E.    Craster,    W.    N.   Papoff,    R.    J. 

Whitehouse. 


Vancouver  (Br.  Res),  Members,  W.  Ander.son,  W.  R. 
Bonnvcastle,  C.  Brakeiiridge,  P.  P.  Brown,  P.  H. 
Biichan,  E.  E.  Carpenter,  E.  F.  Carter.  C.  E.  Cart- 
wriglit,  E.  A  Cleveland,  A.  D.  Creer.  C.  R.  Crysdale, 
A.  C.  Eddy,  A.  E,  Foreman.  H.  W.  Frith.  A.  S 
Gentles,  G.  M.  Gilbert,  H.  Gisborne,  J.  R.  Grant, 
J.  P.  Hodgson,  N.  J.   Ker,  W.  L.   Ketchen,  F.  Lee, 

D.  O.  Lewis,  W.  O.  Marble,  J.  G.  MacGregor,  F.  L. 
Macpherson,  H.  B.  Muckleston,  W.  G.  Murnn, 
W.  H.  Powi'U,  H.  Rindal,  J.  Robertson,  W.  Smaill, 
F.  C.  Stewart,  L.  Stockett,  W.  G.  Swan,  S.  H.  Sykes, 

E.  C.  Thrupp,  G.  A.  Walkem,  C.  E.  Webb,  E.  A. 
Wheatley,  T.  H.  White,  A.  S.  Wootton,  A.  C.  R. 
Yuill;  Associate  Members,  H.  P.  Archibald. 
T.  V.  Berry,  R.  T.  Blair,  W.  W.  Brumby,  J.  E. 
Buerk,  F.  P.  V.  Cowley,  A.  W.  G.  Clark.  W.  R. 
Duckworth,  W.  P.  Ferguson.  H.  C.  Fitz-James, 
C.  B.  Freeman,  W.  B.  Greig,  C.  T.  Hamilton,  J.  B. 
Holdcroft,  W.  E.  Jenkins.  R.  J.  Lecky,  J.  McHugh, 
A.H.  Manfarlane,  J,  P.  Mackenzie,  R.  G.  MacKenzie, 
H.  N.  Macpherson,  F.  O.  Orr,  J.  B.  Parham,  A. 
Peebles,  T.  E.  Price,  R.  Rome,  P.  Sandwell,  P.  M. 
Smith,  W.  O.  Scott,  G.  L.  Tooker,  D.  P.  Urry, 
J.  A.  Walker,  S.  F.  Workman,  G.  R.  Wright; 
Juniors,  C.  R-  Cornish,  E.  G.  CuUwick,  F.  A. 
Forward,  W.  A.  Madeley,  R.  C.  Robson.  W.  H. 
Sparks;     Students,    E.    Abernethy,    D.    E.    Bell, 

E.  R.  Carswell,  C.  W.  Deans,  C.  W.  E.  Locke, 
J.  E.  Macdonald,  F.  R.  Phillips,  J.  A.  Pike,  A  G. 
Raue,  J.  M.  Rothwell,  H.  L.  Thorne,  R.  Walkem; 
Affiliate,  G.  E.  Herrman. 

Vernon  (Br.  Non-Res.).  Student,  R.  T.  W.  Allen. 
Wells  (Br.  Non-Res.),  Student,  T.  H.  Munn. 
Williams  Lake  (Br.  Non-Res),  Associate  Member, 

W.  Ramsay. 
Woodfibre    (Br.    Non-Res.),    Associate    Members, 

W.  A.  Bain,  C.  C.  Ryan. 
Yahk    (Br.    Non-Res.),    Students,    G.    Eckenfelder, 

F.  A.  Lazenby. 


Calgary  Branch  District 

{The  territory  in  Alberta  included  between 
the  north  boundary  of  township  thirteen  from 
Saskatchewan  to  the  British  Columbia  bound- 
ary, northerly  on  the  interprooincial  boundary 
to  the  north  boundary  of  township  forty-two; 
east  to  the  east  boundary  of  range  twelve  {west 
of  the  fourth  meridian);  south  to  the  north 
boundary  of  township  thirty-seven;  east  on  the 
north  boundary  of  township  thirty-seven  to  the 
Saskatchewan  boundary;  and  south  on  the  inter- 
provincial  boundary  to  township  thirteen.) 

Alexo  (Br.  Non-Res.),  Associate  Member,  E.  F. 
PuUen. 

Banff  (Br  Non-Res.),  Member,  P.  J.  Jennings;  Asso- 
ciate Member,  C.  K.  LeCapelain. 

Brooks  (Br.  Non-Res.),  Associate  Members,  H.  G. 
Angell,  C.  C.Elliott. 

Calgary  (Br.  Res.l,  Members,  P.  T.  Bone.  E.  W. 
Bowness,  M.  P.  Bridgland,  F,  G.  Cross,  A.  S.  Daw- 
son, J.  Dow,  W.  S.  Fetherstonhaugh,  A.  Griffin, 
J.  Haddin,  R.  C.  Harris,  D.  W.  Havs,  O.  H.  Hoover, 
T.  Lees,  G.  H.  N.  Monkman,  J.  H.  Parks,  S.  G. 
Porter,  F.  M.  Steel,  J.  S.  Tempest,  B.  L.  Thorne, 
J.  R.  Wood;  Associ.iTE  Members,  W.  -Anderson, 
E.  Avery,  F.  G.  Bird.  G.  P.  F.  Bocse,  R.  L.  Bonham, 
W.  H.  Broughton,  A.  S.  Chapman,  S.  J.  Davies, 
A.  Dickson,  F.  S.  Dyke,  P.  A.  Fetterley,  R.  H. 
Goodohild,  L.  Green,  J.  J.  Hanna,  F.  J.  Heuperman, 
J.  M.  Ireton,  M.  W.  .Jennings.  H.  B.  LeBourveau, 
A.  W.  P.  T,owrie,  A.  T.  MoCormick.  H.  J.  MoEwen, 
W.  T.  McFarlane,  R.  Mackay,  H.  J.  McLean,  J. 
McMillan,  W.  St.J.  Miller,  H.  H.  Moore,  V.  A. 
Newhall,  P.  F  Peele,  J.  W.  Reid,  F.  N.  Rhodes, 
J.  H.  Ross,  H.  B,  Sherman,  G.  H.  Thompson,  H.  W. 
Tooker,  D.  T.  Townsend,  A.  L.  Tregillus,  R.  S. 
Trowsdale,  J.  H.  Walshaw;  Juniors,  D.  F.  Becker, 
H.  W.  Becker,  W.  R.  Davis,  R.  W.  Dunlop,  J.  S. 
Neil,  R.  G.  Paterson.  W.  A.  Smith;  Students, 
J.  Blair,  F.  A.  Brownie,  A.  C.  Davidson,  D.  C. 
Fleming,  A.  W.  Howard,  E.  Hulbert,  C.  L.  Ingles, 
G.  D.  Kellam,  G.  G.  D.  Robertson. 

Ganmore  (Br.  Non-Res.),  Associate  Member,  C.  S. 
Dewis. 

Didsbury  (Br.  Non-Res.),  Student,  W.  G.  Sharp. 

Exshaw  (Br.  Non-Res.),  Associate  Member,  V.  C. 
Hamilton. 

High  River  (Br.  Non-Res.).  Student.  T.  D.  Stanley. 

Nordegg  (Br.  Non-Res.),  Associate  Member,  A.  Cox. 

Okotoks  (Br.  Non-Res.),  Student,  D.  V.  Mclntyre. 

Patricia  (Br.  Non-Res.),  Associate  Member,  H.  B. 
Miller. 

Seebe  (Br.  Non-Res.),  Junior,  I.  A.  Abramson. 

Strathmore  (Br.  Non-Res.).  Member,  E.  N.  Ridley; 
Associate  Members,  G.  H.  Patrick,  T.  Sohulte. 

Turner  Valley  (Br.  Non-Res.),  Member,  S.  G. 
Coultis;     Student,  J.  E.  Beach. 


Edmonton  Branch  District 

{All  the  Pro"ince  of  Alberta  north  of  the 
wyrthern  boundary  of  the  Calgary  Branch.) 

Alcomdale  (Br.  Non-Res),  Junior,  P.  Hargrove. 
Edmonton  (Br.  Res.),  Members,  J.  D.  Baker,  F.  K. 

Beach,    J.    Callaghan,   L.    C.    Charlesworth,    W.    J. 

Dick,  J.  Garrett,  A.  J.  Gayfcr,   R.  J.  Gibb,   H.  J. 

Mar-Leod,  W.  R.  Mount,  A.  I.  Payne,  C.  A.  Robb, 

E.  Stansfield,  R.  S.  L.  Wilson;  A.ssociate  Mem- 
bers. J.  M.  Anderson,  H.  A.  Bowden,  T.  W.  Brown, 
J.  W.  S  ChappMle,  W.  E.  Cornish,  R.  M  Dingwall, 
J.  H.  W.  Dou-Jas,  J.  M.  Forbes,  M.  L.  Gale,  C.  E. 
Garnett,  A.  W.  Haddow,  D.  A.  Hansen,  H.  P. 
Keith,  E.  Nelson,  V.  Pearson,  A.  Ritchie,  R.  W. 
Ross,  R.  H.  Stevens,  W.  G.  Stuart,  H.  H.  Tripp, 
H.  R.  Webb,  T.  H.  White;  Juniors,  H.  R.  M. 
-Acheson,  R.  M.  Hardy,  J.  W.  Porteous;  Student.-*, 
J.  E.  Cranswiek,  J.  C.  Dale,  L.  J.  Ehly,  E.  R.  Gayfer, 
W.  J.  Gold,  W.  G.  Hole.  H.  L.  Hurdle,  K.  A.  .Jackson, 
W.  L.  Kent,  J.  F.  McDougall,  R.  C.  McPherson, 
B.  W.  Pitfield,  W.  L.  Redmond,  G.  Sinclair,  E.  L. 
Smith,  R.  Jj.  Stevens,  N.  O.  Weston,  J.  Woznow, 

F.  J.  Wyllie. 

Jasper  (Br.  Non-Res.),  Member,  A.  C.  Wright. 
Manola  (Br.  Non-Res.),  Assocute  Member,  H.  J. 

Whittaker. 
Mayerthorpe  (Br.   Non-Res.),  Associate  Member, 

E.  Hughes. 
Peace   River    (Br.    Non-Res.),    Associ.ate    Member, 

J.  H.  Johnston. 
Spedden  (Br.  Non-Res.),  Junior,  J.  P.  Svarich. 
St.  Paul  de  Metis  (Br.  Non-Res),  Member,  M.  W. 

Hopkins. 
Stereo   (Br.    NonrRes.),   Associate   Member,   W.   F. 

Stevenson. 
Vegreville   (Br.    Non-Res.),   Students,   J.    G.    Mac- 
Gregor, E.  H.  Perlson. 
Vermilion  (Br.  Non-Res.),  Associate  Member,  B.  E. 

Bury. 

Lethbridge  "Branch  District 

{The  territory  in  Alberta  and  British  Colum- 
bia included  between  the  United  States  boundary 
from  Saskatchewan  to  the  117th  degree  of  long- 
itude in  British  Columbia;  north  to  the  50th 
parallel;  east  to  the  Alberta  boundary;  northerly 
on  the  inter  provincial  boundary  to  the  north 
boundary  of  township  thirteen  in  Alberta,  east 
to  the  Saskatchewan  boundary,  and  south  on 
the  inter  provincial  boundary  to  the  United 
Slates  boundary.) 

Coal  Creek,  B.C.  (Br.  Non-Res.),  Student,  W.  R. 

Workman. 
Coaldale    (Br.    Res.),    Associ.ate    Members,    R.    S. 

Lawrence,  H.  W.  Rowley. 
Coalhurst   (Br.   Res.),   Associate   Member,   D.   H 

Quigley. 
Diamond  City  (Br.  Res.),  Associate  Member,  C.  S. 

Clendening. 
Etzikotn  (Br.  Non-Res.),  Student,  R.  C.  Davis. 
Fernie,   B.C.   (Br.   Non-Res.),  Associate  Member, 

G.  E.    Elkington. 

Kimberley,  B.C.  (Br.  Non-Res.),  Associate  Mem- 
ber. A.  B.  Ritchie;  Junior,  G   H.  Morrison. 

Lethbridge  (Br.  Res.),  Members.  J.  B.  dcHart,  G.  N. 
Houston,  R.  Livin"j;stone,  P.  M.  Sauder;  Associate 
Members,  R.  F.  P.  Bowman,  N.  H.  Bradley,  G.  S. 
Browa,  J.  M.  Campbell,  C.  S.  Donaldson,  J.  Haimss, 
W.  L.  McKenzie,  S.  F.  McLsod.  W.  M.ddrum, 
A.  Thomson,  J.  T.  Watson;  Students,  J.  A.  Burke, 
W.  R.  Craig,  J.  E.  Hawkins,  E  A.  Lawrence,  R  B. 
McKenzie. 

Magrath  (Br  Res.),  Associate  Member,  M.  F.  R 
Lloyd. 

Medicine  Hat  (Br.  Non-Res.),  Associate  Members, 
A.  C.  Gardner,  C.  M.  Moore;  Student,  H.  R. 
Hayes. 

Monarch  (Br.  Res.),  Student,  A.  P.  Alexander. 

Picture  Butte  (Br.  Res.),  Associ.ate  Member.  A.  J. 
Branch. 

Rainier  (Br.  Non-Res.),  Junior,  W.  Crook. 

Saskatchewan  Branch  District 

{The  Province  of  Saskatchewan.) 

Borden  (Br.  Non-Res.),  Student,  D.  Lazorka. 
Carlyle  (Br.  Non-Res.),  Associ.\te  Member,  W.  E. 

Denley. 
Claybank     (Br.     Non-Res.),     Associ.\te     Member, 

S.  Matthews. 
Dunblane  (Br.  Non-Res),  Student,  C.  R.  Forsberg. 
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Dundurn     (Br.     Non-Res),    Associate    Members. 

VV.  P.  Dempsey,  C.  J.  L.  Sanderson;  Student,  C.  F. 

Dobson-Smitb. 
Hillmond  (Br.  Non-Res.),  Student,  W.  C.  Newman. 
Indian    Head    (Br.    Non-Res.),     Student,    A.    H. 

Douglas. 
Island  Falls   (Br.   Non-Res.),  Junior,  E.  C.   King; 

AFF1U.4TE,  H.  T.  Olson. 
Kamsack  (Br.  Non-Res.),  Associate  Member,  J.  M. 

Bloomfield. 
Lloydmlnster  (Br.  Non-Res.),  Associate  Member, 

S.  E.  Durant. 
Lydden  (Br.  Non-Res.),  Student,  C.  C.  Schnedar. 
Maple   Creek    (Br.    Non-Res.),     Member,    W.    W. 

Meadows. 
Melville  (3r.  Non-Res.),  Associate  Member,  H.  M. 

Bailey. 
Moose  Jaw  (Br.  Non-Res.),  Member,  H.  R.  Miles; 

Associate  Members,  H.  J.  A.  Bird,  H.  C.  Ritchie; 

Junior,  N.  R.  Crump. 
Nipawin  (Br.  Non-Res.),  Associate  Member,  N.  A. 

Link. 
North  Battleford    (Br.   Non-Res.),   Member,  A.  E. 

Sharpe. 
Pelly  (Br.  Non-Res.),  Student,  W.  Trischuk. 
Prince  Albert  (Br.  Non-Res.),  Members,  W.  Christie, 

J.  G.  Reid. 
Punnichy   (Br.   Non-Res.),   Associate  Member,  S. 

Harding. 
Regina  (Br.  Res),  Members,  H.  S.  Carpenter.  J.  N. 

deStein,J.  W.  D.  Farrell,  A.  C.  Garner,  A.  P  Linton, 

D.  A.  R.  McCannel,  M.  H.  Marshall,  P.  C.  Perry, 
L.  A.  Thornton,  S.  Young;  Associate  Members, 
R.  W.  Allen,  E.  S,  C.  Carpenter.  D.  C.  M.  Davies, 

E.  A.  Duschak,  W.  G.  Dyer,  G.  G.  Fitzgerald,  R.  J. 
Fyfe,  P.  R.  Genders,  W.  H.  Hastings,  R.  W.  Jickling, 
H.  A.  Jones,  E.  E.  Lord,  P.  G.  McAra,  C.  J.  McGavin, 
H.  R.  MacKenzie,  J.  C.  Meade,  S.  R.  Muirhead, 
R.  H.  Murray,  J.  M.  Patton,  J.  H.  Puntin,  F.  B. 
Reilly,  H.  L.  Roblin,  J.  K.  Sexton,  M.  J.  Spratt, 
T.  G.  Tyrer,  J.  J.  White;  Juniors.  A.  F.  S.  Fuller, 
L.  W.  Llewellyn;  Students,  A.  W.  Braine,  N.  I. 
Fraser,  G.  B.  Greene,  L.  M.  Howe,  W.  N.  McCann, 
J.  E.  Thorn,  J.  Walter. 

Ridgedale  (Br.  Non-Res.),  Student,  Z.  Levington. 

Rosetown  (Br.  Non-Res.),  Associate  Member,  J.  C. 
Todd. 

.Saskatoon  (Br.  Non-Res.),  Member?,  A.  R.  Greig, 
C.  J.  Mackenzie,  W.  G.  Worcester;  Associ.^te 
Members,  I.  M.  Fraser,  W.  E.  Lovell,  A.  M.  Mac- 
gillivray,  R.  A.  Spencer,  G.  M.  Williams;  Juniors, 
E.  J.  Durnin,  F.  J.  E.  Martin,  E.  K.  Phillips. 

Swift  Current  (Br.  Non-Res.),  Member,  B.  Russell; 
Juniors,  J.  C.  Aitkens,  F.  L.  Grindley. 

Theodore  (Br.  Non-Res.).  Student,  G.  S.  Anderson. 

Tisdale  (Br.  Non-Res.),  Student,  J.  E.  Mollard. 

Weybura  (Br.  Non-Res.),  Associate  Member,  H.  J. 
deSavigny. 

Yorkton  (Br.  Non-Res),  .\ssochte  Member,  M. 
Sinclair. 

Winnipeg  Branch  District 

(The  Province  of  Manitoba.) 

Ashern  (Br.  Non-Res.),  Student,  L.  J.  Marshall. 
Boissevain     (Br.     Non-Res),     Associate     Member, 

J.  A.  Wakefield. 
Brandon  (Br.  Non-Res  ),  Member,  W.  H.  Shillinglaw; 

.Associate  Members.  J.  P.  Fraser,  T.  J.  Pounder. 

S.  C.  Wilcox. 
Brunkild  (Br.  Non-Res.),  Associate  Member,  F.  E. 

Umphrey. 
Churchill    (Br.    Non-Res.),    Associate    Members, 

G.  Coutts,  G.  Kydd,  W.  L.  Mackenzie. 
Cranberry  Portage  (Br.  Non-Res.),  Member,  W.  T. 

Thompson. 

Dauphin  (Br.  Non-Res.),  Associate  Member,  R.  C. 
Robinson. 

Flin  Flon  (Br.  Non-Res.),  Juniors,  W.  L.  Bunting, 
1^.  W.  McCIure;  Students,  R.  H.  Moore,  M.  K.  T. 
Reikie. 

Fort  Whyte  (Br.  Res),  Associate  Member.    C.  W. 

Edmonds. 

Garson  (Br.  Non-Res.),  Associate  Member,  C.  H. 
Blanchard. 

God's    Lake    (Br.    Non-Res.),    Associate    Member, 

W.  M.  Reynolds. 
Lydiatt  (Br.  Non-Res.),  Member,  W.  A.  James. 
Lyleton  (Br.  Non-Res.),  Junior,  W.  G.  Reekie. 
Morden  (Br.  Non-Res.),  Junior,  R.  A.  Emerson. 
Norwood  (Br.  Res.),  Associate  Member,  F.  B.  Hazel; 

Student,  R.  P.  Fr-iser. 

Pointe  du  Bois  (Br.  Non-Res.),  Junior,  T.  E.  Storey. 
Reston  (Br.   Non-Res.),  Associate  Member,  D.  A. 

Livingston. 
St.  Boniface  (Br.  Res.),  Junior,  W.  R.  C.  Taylor. 
Selkirk  (Br.  lies.).  Student,  C.  H.  Martin. 
Seven  Sisters  Falls  (Br.  Non-Res.),  Associate  Mem- 

BEHH,  V.  W.  Dick,  A.  S.  Williams. 
The  Pas  (Br.  Non-Res),  Associate  Members,  F.  P. 

Fuller.  J.  G.   MacLaehliin. 
Transcona  (Br   Res.),  Student,  L.  E.  Jones. 


Virden  (Br.  Non-Res.),  Associate  Members,  H.  D. 
Brydone-Jack,  G.  R.  Hill. 

Winckler  (Br.  Non-Res.),  Student,  H.  F.  Peters. 

Winnipeg  (Br.  Res.),  Members,  F.  W.  Alexander, 
W.  P.  Brereton,  W.  Burns,  E.  V.  Caton,  C.  H.  Dan- 
cer, J.  A.  Douglas,  L.  L.  Doupe,  C.  Ewart,  E.  P. 
Fetherstonhaugh,  J.  N.  Finlavson,  A.  W.  Fosness, 
C.  H.  Fox,  F.  G.  Goodspeed.  N.  M.  Hall,  H.  B. 
Henderson,  G.  H.  Herriot,  J.  C.  Holden,  T.  Kipp, 
D  A.  MacDougall,  W.  M.  Macphail,  W.  A.  Mather, 
V.  Michie,  E.  R.  Millidge,  J.  W.  Porter,  D.  A.  Ross, 
W.  M.  Scott,  F.  V.  Seibert,  D.  N.  Sharpe,  A.  J.  Sill, 
J.  G.  Sullivan,  F.  B.  Tapley,  J.  Woodman;  Asso- 
ciate Member-s.  G.  Affleck,  R.  H.  Andrews,  C.  H. 
Attwood,  C.  T,  Barnes,  E.  A.  Beman,  H.  B.  Brehaut, 
F.  M.  Briekenden,  H.  C.  D.  Briercliffe,  H.  L.  Briggs, 
A.  Campbell,  G.  W.  Campbell,  V.  H.  Campbell, 
A.  L.  Cavanagh,  J.  L.  Charles,  G.  Clark,  C.  A. 
Clendening,  G.  E.  Cole,  J.  F.  Cunningham,  H.  A. 
Dixon,  J.  E.  Duncan,  J.  H.  Edgar,  E.  G.  Eggertson, 
F.  S.  Fowler,  W.  Fulton,  J.  Gordon,  J.  L.  Gordon, 
F.  F.  Griffin,  C.  H.  Gunn,  C.  P.  Haltalin,  S.  G. 
Harknett,  B.  Henderson,  W.  E.  Hobbs,  B.  B. 
Hogarth,  L.  M.  Hovey,  W.  D.  Hurst,  E.  W  M. 
James,  V.  C.  Jones,  C.  E.  Joslyn,  E.  S.  Kent,  T.  H. 
Kirbv,  A.   M.    Kirkpatrick,  H.   C.    G.    Ligertwood, 

C.  R".  Lys,  G.  B.  MoColI,  S.  E.  McCoU,  G.  McDer- 
mid,  A.  E.  Macdonald,  J.  A.  MacGillivray,  W.  J. 
MacKenzie,  R.  W.  McKinnon,  D.  L.  McLean, 
H.  W.  McLeod,  T.  C.  Main,  R.  W.  Moffatt,  W.  F. 
Oldham,  A.  W.  Paterson,  E.  B.  Patterson,  G.  M. 
Pearston.  J.  D.  Peart,  W.  D.  Pender,  B.  L.  Reid, 
E.  M.  Rensaa,  J.  T.  Rose,  J.  D.  Ruttan,  J.  W. 
Sanger,  G.  L.  Shanks,  H.  L.  Sherwood,  D.  M. 
Stephens,  D.  G.  Sutherland,  A.  J.  Taunton,  A. 
Taylor,  J.  C.  Trueman.  J.  Veitch,  W.  Walkden, 
\.  S.  Weekes,  H.  M.  White,  J.  Young;  Juniors, 
E.  W.  R.  Butler,  H.  D.  Cluff,  J.  L.  McMahon, 
H.  Payne,  W.  F.  Riddell,  J.  B.  Striowski,  C.  J. 
Timleck;  Students,  C.  V  Antenbring,  G.  S. 
Baldry,  E.  S.  Braddell,  N.  S.  Bubbi.'.,  W.  A.  Capelle. 
\.   B.   Connelly,   A.   G.   Courtney,   B.   H.   Darwin, 

D.  M.  Dunlop,  E.  Gauer,  G.  H.  Griffiths,  T.  L. 
Hall,  E.  L.  Hartley,  R.  P.  Henderson,  W.  C. 
Houghton,  J.  Howorth,  M.  Levin.  K.  Y.  Lochhead, 

E.  R.  Love,  G.  M.  Lyon,  J.  R.  Mathieson,  D.  W. 
Miller,  W.  R.  Mitchell,  H.  Nelson,  L.  G.  Scott, 
H.   G.   Seybold,  C.   G.   Wallman,  D.  H.   Watson, 

F.  Willows,  T.  L.  Woodhall;    Affiliate,  W.  Hurst. 


ZONE  B 

(The  Province  of  Ontario) 

Lakehead  Branch  District 

(The   Counties   of  Keuora,    Thunder   Bay, 
Rainy  River,  Patricia.) 

Dryden  (Br.  Non-Res.),  Member,  J.  S.  Wilson; 
Junior,  H.  J.  Petursson. 

Fort  Francis  (Br.  Non-Res),  Associate  Member, 
W.  B.  Hutcheson. 

Fort  William  (Br.  Res.),  Member,  P.  E.  Doncaster; 
Associ.\TE  Members,  G.  P.  Brophy,  G.  R.  Duncan, 
K.  A.  Dunphy,  H.  G.  O'Leary,  C.  B.  Symes;  Stu- 
dents, J.  I.  Carmichael,  G.  G.  DeMocko,  G.  R. 
Duncan. 

Gold  Pines  (Br.  Non-Res.),  Associate  Member, 
F.  C.  Rust. 

Hawk   Lake   (Br.    Non-Res.),   Associate   Member, 

F.  Petursson. 

Hudson  (Br.  Non-Res.),  Associate  Member,  G.  G. 

McEwen. 
Ignace  (Br.   Non-Res.),  Associate  Member,  F.  D. 

Austin. 
Kenora  (Br.  Non-Res.),  Members,  E.  A.  Kelly,  C.  D. 

MacKintosh;     Associate   Members,   J.   F.   Lester, 

J.   A.    McCoubrey,   J.   R.   Paget;     Junior,   R.   O. 

Paulsen. 
Nakina  (Br.  Non-Res.),  Associate  Member,  W.  E. 

Harry. 
Port   Arthur    (Br.    Res.),    Members,   J.   Antonisen, 

G.  H.  Burbidge,  R.  B.  Chandler,  C.  D.  Howe; 
Associate  Members,  R.  J.  Askin,  E.  J.  Bolger, 
B.  A.  Culpeper,  G.  Eriksen,  J.  M.  Fleming.  E.  L. 
Goodall,  F.  C.  Graham,  G.  R.  McLennan,  H.  Os; 
.Students.  W.  H.  Peach.  J.  A.  Rogers. 

Red  Lake  (Br.  Non-Res.).  Student,  G.  L.  Hood. 
Root    River    Portage    (Br.    Non-Res.),    Associate 

Member,  C.  M.  Low. 
Schreiber  (Br.  Non-Res),  Associate  Member,  W.  W. 

Benny;  Student,  W.  R.  Benny. 
Sioux  Lookout  (Br.  Non-Res.),  Associate  Member, 

H.  A.  Oaks. 
White  River   (Br.   Non-Res.).   Associate  Member. 

W.  J.  Bishop. 

Sault  Ste.  Marie  Branch  District 

(The  Counties  of  Algoma,  Cochrane,  Nipis- 
sing  (north  of  the  Mattawa  River),  Sudbury 
(including  Manitoulin  Island),  Tiniiskaming, 
Ont.,  and  the  area  in  the  United  States  irithin 
a  radius  of  twerdy-jive  wiles  of  Sault  Ste. 
Marie.) 

Blind  River  (Br.  Non-Res),  Student,  J.  R.  Carter. 
Copper  Cliff  (Br.  Non-Res).  Members,  R.  L.  Peek, 

J.  F.  Robertson,  W.  J.  Ripley;  Associate  Member, 

C.  O.  Maddock. 
Falconbrldge  (Br.  Non-Res.),  Associate  Members, 

K.  E.  Buchmann,E.  W.  Neelands;  Juniors,  J.  Hunt, 

T.  S.  Mathieson. 


Haileybury   (Br.   Non-Res.),   Member,  J.  W.   Mor- 
rison. 
Kapuskasing  (Br.  Non-Res.),  Associate  Members, 

C.  W.  Boast,  C.  R.  Murdock;  Juniors,  T.  Foulkes, 

D.  N.  McCormack,  G.  M.  Minard. 

Kirkland  Lake  (Br.  Non-Res.),  Member,  W.  T. 
Sampson;  Junior,  J.  H.  Brumell;  Student,  J.  G. 
Stephenson. 

Lochalsh  (Br.  Non-Res.),  Junior,  G.  E.  Humphries. 

New  Liskeard  (Br.  Non-Res.),  Associate  Members. 
J.  G.  M.  Baxter,  G.  E.  Booker,  F  D.  Gifford,  M.  B 
Saunders.  H.  W.  Sutcliffe;  Junior,  H.  L.  Hewitt; 
Students,  T.  B.  Fraser,  W.  M.  Harvey. 

North  Bay  (Br.  Non-Res.),  Members,  S.  B.  Clement. 
C.  H.  N.  Connell,  S.  B.  McConnell,  W.  T.  Moodie; 
Associate  Members,  R.  G.  Boast,  W.  N.  Cann. 
W.  O.  Collis,  L.  M.  Duclos,  T.  J.  Moore;  Student. 
W.  F.  Miller. 

Sault  Ste.  Marie  (Br.  Res),  Members,  H.  F.  Bennett, 
J.  D.  Jones,  J.  L.  Lang,  R.  S.  McCormick,  A.  E. 
Pickering,  J.  W.  LeB.  Ross,  K.  G.  Ross,  W.  Sey- 
mour, F.  Smallwood,  C.  Stenbold;  Associate  Mem- 
bers, O.  L.  J.  Brauns,  H.  O.  Brown,  LeR.  Brown. 
R.  A.  Campbell,  C.  W.  Holman,  J.  H.  Jenkinson, 

E.  M.  MacQuarrie,  A.  H.  Russell,  C.  J.  Russell; 
Juniors,  R.  H.  Burns,  N.  C.  Cowie,  O,  A.  Evans, 

F.  A.  Masse,  A.  M.  Wilson;   Student,  E.  F.  Brown. 
Schumacher  (Br.  Non-Res.),  Member,  A.  D.  Camp- 
bell;   Associate    Member,    R.    D.    H.    Wigmore; 
Student,  W.  G.  Cosser. 

Smooth  Rock  Falls   (Br.   Non-Res.),  Student,   V. 

Oleskevieh. 
South  Porcupine  (Br.   Non-Res.),  Member,  H.  P. 

DePencier;  Student,  G.  D.  Wagner. 
Sturgeon  Falls  (Br.  Non-Res.),  Associate  Member, 

G   W.  Holder. 
Sudbury  (Br.  Non-Res.),  Associate  Members.  L.  A. 

B.  Hutton,  H.  J.  Kurtz,  W.  L.  Langlois,  A.  M. 
Mills,  W.  S.  E.  Morrison,  F.  A.  Orange;  Student, 
L.  O.  Cooper. 

Timmins  (Br.  Non-Res.),  Associate  Members. 
W.  G.  Heslop,  H.  Idsardi,  A.  A.  Rose;  Junior-. 
P.  L.  Climo,  F.  D.  Greenwood;  Students,  B.  H. 
Heavysege,  L.  A.  A.  Prete,  H.  R.  Rice,  A.  E  '' 
Schneller. 

Border  Cities  Branch  District 

(The  Counties  of  Essex,  Kent,  Lambton,  and 
the  area  in  the  United  States  ivithin  a  rarlius  of 
twenty-five  miles  of  Wifidsor.) 

Amherstburg  (Br.  Non-Res.).  Associate  Member. 

W.  M.  Mitchell;    Student,  R.  J.  G.  Schofield. 
Chatham  (Br.  Non-Res.),  Member,  G.  A.  McCubbin: 

Associate  Members,  T.  M.  S.  Kingston,  C.  K.  S. 

Macdonell;  Junior,  W.  L.  Dutton;  Student,  R.  M. 

Nicholson. 
Detroit   Mich.  (Br.  Res.),  Member,  F.  C.  McMath; 

Associate  Members,  J.  H.  Bradley,  W.  J.  Camp- 
bell, H.  J.  Coulter,  A.  McWiUiam. 
East  Windsor  (Br.  Res.),  Associate  Member,  J.  E. 

Porter. 
Leamington  (Br.  Non-Res.),  Student.  J.  C.  Elliott. 
Ojibway  (Br.  Res.),  Member,  W.  H.  Baltzell. 
Sandwich     (Br.     Res.),     Associate    Members,    B. 

Candlish,   C.    F.    Davison.   T.    H.    Jenkins,   C.    G. 

Walton;   Student,  W.  R.  McColl. 
Sarnia   (Br.   Non-Res),   Members,  J.  A.   Baird.   T. 

Montgomery;     Associate    Members,   J.   W.    Mac- 

Donald.    E.    M.    Salter,    M.    L.    Walker;     Junior. 

C.  P.  Warkentin;    Student,  O.  B.  Mason. 
Walkerville  (Br.  Res.),  Members,  P.  E.  Adams,  D.  T. 

Alexander,  C.  M.  Goodrich,  F.  H.  Kester,  S.  E. 
McGorman,  R.  A.  Spencer,  E.  A.  Stone,  A.  E. 
West;  Associate  Members,  J.  G.  Campbell, 
H.  J.  A.  Chambers,  G.  V.  Davies,  W.  A.  Dawson, 
E.  M.  Krebser,  R.  C.  Leslie,  H.  W.  Patterson. 
J.  W.  Seens,  F.  Stevens;    Students,  B.  A.  Berger, 

E.  Chorolsky,  W.  H.  Kester. 

Windsor  (Br.  Res  ),  Members,  J.  J.  Newman,  O.  M. 
Perry;  Associate  Members,  C.  G.  R.  Armstrong, 
A.  J.  M.  Bowman,  J.  F.  Bridge,  J.  E.  Daubney. 
W.  J.  Fletcher,  J.  C.  Keith.  V.  W.  Maelsaac,  G.  E. 
iMedlar,  O.  Rolfson,  A.  T.  E.  Smith,  G.  C.  Storey; 
Junior,  G.  W.  Lusby;     Students,  C.  Macdonald, 

F.  J.  Ryder;    Affili.^^te,  C.  P.  Sale. 

London  Branch  District 

(The  Counties  of  Elgin,  Middlesex,  Oxford, 
Perth,  Huron,  Bruce.) 

Glencoe  (Br.  Non-Res.),  Junior,  W.  G.  Richardson. 
Hensall  (Br.  Non-Res.),  Associate  Member,  H.  G. 

Rose. 
Ingersoll  (Br.  Non-Res.),  Junior,  N.  Allen. 
London  (Br.  Res  ),  Members,  S.  W.  Archibald,  H.  A. 

Brazier,  E.  V.  Buchanan,  H.  B.  R.  Craig,  I.  Leonard, 

A.  H.  Morgan,  A.  0.  Wolff;    Associate  Members, 

F.  C.  Ball.D.  M.  Bright,  J.  Ferguson,  R.  W.  Garrett, 

H.  L.  Hayman,  S.  G.  Johre,  H.  A.  McKay,  V.  A. 

McKillop,  J.  R.  Rostron,  D.  S.  Scrymgeour,  W.  R. 

Smith,  C.   Talbot,   W.   M.   Veitch;     Junior,   J.   L. 

McDougall;      Students,    G.    R.    Davidson,    G.    J. 

Forristal,  C.  H.  Hillier,  B.  Simmons.  D.  L.  Tait. 
St.   Mary's  (Br.   Res),  Associate  Member,  C.  E. 

Richardson. 
St.   Thomas    (Br.    Res.),    Member,   W.   C.    Miller; 

Associate  Members,  F.  A.  Bell,  W.  Dalziel.  S.  B. 

Wass;  Students,  F.  J.  Benjafield,  G.  Benjafield. 
Stratford  (Br.   Non-Res.),  Members,  S.  A.  Cummi- 

ford,  A.  B.   Manson;  Associate  Members,  W.  E. 

Plummer,  W.  H.  Riehl;  Junior,  A.  F.  Flintoff. 
Strathroy     (Br.     Non-Res.),     Associate     Member, 

D.  G.  Calvert. 
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Tlllsonburg  (Br.  Non-Res.).  Member,  C.  V.  Corless; 

Associate  Member,  G.  Rankin. 
Walkerton    (Br.    Non-Res.),    Associate    Member, 

G.  E.  Stephenson. 
Woodstock    (Br.    Res.),    Associate    Members,    J. 

Carnwatb,  F.  T.  Julian,  W.  G.  Ure,  J.  A.  Vance. 

Hamilton  Branch  District 

{The  Counties  of  Wenlworih,  Norfolk,  Branl, 
Waterloo,  Hallon  West  {Townships  of  Nelson 
and  Nassagaweija),   Wellington,  Haldimand.) 
Ancaster  (Br.  Res.),  Member,  P.  Ford-Smith. 
Brantford  (Br.  Res.),  Members,  H.  E.  Mott,  C.  A. 

Waterous;     Associate    Members,    F.    P.    Adams, 

C.  F.  Cockshutt. 
Burlington  (Br.  Res.),  Associate  Members,  C.  E. 

Hogarth,  E.  L.  Zealand. 
Dundas  (Br.  Res),  Member,  H.  G.  Bertram;  Junior, 

M.  W.  Huggins;  Students,  J.  E.  Gordon,  L.  S. 

Lauchland,    W.    M.    Robinson;    Affiliate,    J.    F. 

Crowley. 
Fergus  (Br.  Non.Res.),  Student,  J.  A.  Fisher. 
Gait  (Br.  Res.),  Student,  E.  B.  Hymmen. 
Guelph    (Br.    Non-Res.),    Members,    L.    E.    Jones, 

F.  McArthur;  Associate  Members,  E.  P.  Bowman, 

W.  H.  Keith,  H.  S.  Nicklin;  Student,  D.  R.  Mc- 
Queen. 
HagersvlUe  (Br.  Non-Res.),  Student,  J.  S.  Green. 
Hamilton  (Br.  Res.),  Members,  W.  D.  Black,  J.  B. 

Carswell,  G.  A.  Colhoun,  E.  H.  Darling,  L.  W.  Gill, 

H.  U.  Hart,  W.  G.  Hewson,  W.  Hollingworth,  F.  1. 

Ker,  R.  L.  Latham,  A.  Love,  H.  A.  Lumsden,  J.  A. 

McFarlane,  W.  L.  McFaul,  J.  J.  Mackay,  W.  F. 

McLaren,  C.  D.  Meals,  W.  G.  Milne,  E.  P.  Muntz, 

R.   K.  Palmer,  F.  W.  Paulin,  A.  T.  Perrin,  H.  S. 

Philips,  H.  A.  Ricker,  J.  Stodart,  H.  B.  Stuart,  J.  W. 

Tyrrell;   Associate  Members,  G.  W.  Arnold,  G.  M. 

Bayne,  R.  E.  Butt,  D.  W.  Callander,  E.  M.  Coles, 

W.  H.  Collins,  E.  D.  W.  Courtice,  J.  R.  Dunbar,  H. 

M.  Fletcher,  W.  B.  Ford,  T.  S.  Glover,  J.  P.  Gordon, 

E.  Haggas,    A.    R.    Hannaford,    F.    W.    Hubbard, 

F.  R.  Leadley,  O.  E.  Leger,  E.  G.  Mac  Kay,  W.  L. 
Miller,  G.  Moes,  J.  C.  Nash.  W.  J.  W.  Reid,  A.  G. 
Riddell,  F.  L.  Smith,  V.  S.  Thompson,  W.  W.  Van 
Every,  N.  Wagner,  C.  W.  Webster,  C.  F.  Whitton; 
Juniors,  W.  E.  Brown,  A.  B.  Dove,  G.  G.  Gates, 
W.  A.  T.  Gilmour,  A.  F.  McPherson,  A.  Pottinger, 
C.  C.  Smith,  W. -J.  Thomson,  J.  T.  Thwaites; 
Students,  S.  M.  Baker,  G.  M.  Bell,  D.  E  Bridge, 
L.  S.  Collison,  H.  G.  Conn,  H.  P.  Dickey,  J.  L. 
Donaldson,  R.  A.  Harvie,  E.  C.  Hay,  J.  R.  Hutton, 
A.  E  Hyde,  E.  P.  N.  Innes,  G.  W.  Jarvis,  D.  B. 
Leightner,  J.  E.  McClung.  W.  L.  McKiel,  H.  F. 
McLachlan,  G.  Pilkey,  W.  W.  Preston,  R.  W.  Price, 
A.  G.  Scobie,  R.  N.  Tucker,  A.  J.  Turner,  D.  W. 
Wood;    Affiliate,  J.  A.  M.  Galilee. 

Kitchener     (Br.     Non-Res.),      Members,     W.     H. 

Breithaupt,  S.  Shupe;    Associate  Members,  C.  L. 

Breithaupt,  P.  W.  Breithaupt,  E.  L.  Dilworth,  D.  J. 

Emrey,    M.   Pequegnat;    Juniors,   G.    R.   Beavers, 

W.  M.  Prudham;     Students,  J.  H.  Gregory,  L.  D. 

McGee,  J.  M.  Pequegnat. 
Preston  (Br.  Non-Res.),  Member,  F.  H.  Midgley. 
Slmcoe  (Br.  Non-Res.),  Associate  Members,  C.  H  . 

Donnelly,  J.  F.  LaPlant,  G.  R.  Marston. 
Waterloo  (Br.  Non-Res.),  Associate  Member,  A.  M. 

Snider. 

Niagara  Peninsula  Branch 
District 

{The  Counties  of  Lincoln,  Wetland,  and  the 
area  in  the  United  States  within  a  radius  of 
twenty-five  miles  of  Niagara  Falls,  Ontario.) 
Buffalo.  N.Y.  (Br.  Non-Res.),  Member,  N.  R.  Gib- 
son; Associate  Members,  J.  D.  Burbank,  H.  D. 

Fyfe. 
Chippawa    (Br.   Res.),   Associate   Member,   G.    C. 

Mountford. 
Fort  Erie  (Br.  Res.l,  Member,  C.  H  Scheman. 
Fort  Erie  North   (Br.   Res.),  Associate  Members, 

C.  S.  Boyd,  L.  C.  McMurtry,  W.  R.  Manock. 
Grimsby  (Br.  Non-Res.),  Associate  Member,  G.  F. 

Hanning. 
Niagara  Falls.  N.Y.  (Br.  Res.),  Member,  C.  J.  H. 

Moritz;  Associate  Member,  J.  H.  Legg;  Student, 

A.  C.  Knapp. 
Niagara  Falls,  Ont.   (Br.   Res.).   Members,  H.  G. 

Acres,  H.  L.  Bucke,  R.  L.  Hearn.  J.  H.  Jackson, 

W.  Jackson,  H.   M.   King;     Associate  Members, 

T.  A.  Barnett,  J.  R.  Bond,  W.  D.  Bracken,  C.  G. 

Cline,  G.  H.  E.  Dennison.  P.  A.  Dewey,  A.  M.  Fennis, 

L.  L.  Gisborne,  M.  F.   Ker,  J.  M.   Kilkenny,  A.  A, 

McLaren,  A.  W.  F.  iMcQueen,  J.  L,  Miller,  W.  B. 

Musgrave,  G.  H.  Wood;    Junior  A.  M.  MacDonald; 

Students,    K.   L.   Bellamy,   F.   S.   Durdan,   G.   D. 

Durham,  L.  A.  Hilton. 
Port    Colborne    (Br.    Res.),    Associate    Members, 

C.  N.  Geale,  E.  C.  Little,  E.  P.  Murphy;  Junior, 

A.  C.  Harvie. 
Port    Robinson    (Br.    Res.),    Associate    Member, 

J.  E.  Sears. 
Ridgeway  (Br.  Non-Res.),  Student,  A.  C  Ellsworth. 
St.  Catharines  (Br.  Res.),  Members,  M.  B.  Atkinson, 

A.  J.   Grant,  L.   P.   Rundle,  F.   E.   Sterns.  W.   H. 

Sullivan,    G.    F.    Vollmer;      Associate    Members, 

A.  C.  Blue,  R.  A.  Bradley,  E.  G.  Cameron,  H.  M. 

Campbell,  W.  Campion,  H.  S.  Clark.  J.  V.  Fahey, 

E.  Grummitt,  S.  Hairsine,  A.  G.  Herr,  F,  C.  Jewett, 

M.  H.  Jones,  R.  V.  H.   Keating,  J.  B.  McAndrew. 

A.  L.  McPhail,  H.  C.  Maguire,  C.  G.  Moon,  J.  C. 

Moyer,  A.  H.   Perry,  W.  T.   Porter,  C.   W    West; 

Junior,  J.  F.  Shelton;     Student,  D.  D.  Hall. 
Thorold  (Br.  Res.),  Associate  Members,  S.  Bowen, 

P.  E.  Buss.  G.  E.  Griffiths,  C.  B.  Shaw. 


Welland  (Br.  Res),  Members,  F.  L.  Haviland,  G. 
Morrison,  J.  C.  Street,  H.  Wellwood;  Associate 
Members.  C.  H.  M.  Burns,  N.  K.  Cameron,  E.  P. 
Johnson,  J.  Stephenson;    Student,  R.  T.  Sawle. 

Toronto  Branch  District 

{The  Counties  of  Ontario,  York,  Peel,  Hallon 
East  {Townships  of  Trafalgar  and  Esqiiesing), 
Dufferin,  Grey,  Simcoe,  Muskoka,  Parry 
Sound,  Nipissing  {south  of  Maltawa  River).) 

Aurora  (Br.  Res.),  Student,  C.  G.  Southmayd. 
Barrie  (Br.  Non-Res.),  Associate  Member,  J.  Walker. 
Birch  CliS  (Br.  Res.),  Associate  Member,  R.  Har- 
rison. 
Brampton   (Br.   Res.),  Associate   Member,   W.   P. 

Dale. 
Burk's  Falls  (Br.  Non-Res),  Student,  W.  V.  Rintoul. 
Camp  Borden  (Br.  Non-Res.),  Associate  Member, 

D.   C.   M.   Hume;  Juniors;   W.   O.   Peffers,   W.   S. 

Wishart;    Students,  C.  R.  Dunlap,  H.  B.  (jodwin, 

M.   M.  Hendrick,  A.  C.  Herbert,  E.  A.  McGowan, 

D.  E.  Mcintosh,  D.  G.  Williams. 
Clarkson  (Br.  Res.),  Member,  A.  S.  Cook. 
Emsdale  (Br.  Non-Res.),  Associate  Member,  J.  H. 

Ings. 
Forest  Hill  Village  (Br.  Res),  Associate  Member, 

G.  Ali.son;    Student,  B.  B.  Puddy. 
Lakeview  (Br.  Res),  Member,  H.  M.  Cawthra-EUiot. 
Leaside  (Br.  Res.),  Member,  H.  Horsfall;  Associate 

Member,  J.  R.  Roberts;  Junior,  W.  H.  Hooper. 
Long  Branch  (Br.  Res.),  Associate  Member,  J.  .S. 

Galletley;  Junior,  J.  A.  C.  Bowen. 
Mono  Road   (Br.  Res.),  Associate  Member,  J.  E. 

Hinchliffe. 
Mount  Dennis  (Br.  Res.),  Member,  A.  B.  Cooper. 
Nobel  (Br.  Non-Res.),  Student,  R.  B  Carpenter. 
Oakville    (Br.  Res.),    Member,    C.    Johnston;    Asso- 
ciate Member,  C.  Connell. 
Orillia   (Br.   Non-Res.),  Associate  Member,  L.  G. 

McNeice. 
Oshawa    (Br.    Non-Res.),    Associate    Member,    F. 

Chappell;  Student,  W.  O.  Hart. 
Owen  Sound  (Br.  Non-Res.),  Associate  Members, 

N.  Bowman,  T.  D.  Kennedy,  R.  McDowall,  R.  C. 

McKnight. 
Pickering  (Br.  Res.),  Member,  W.  A.  McLean. 
Port  Carling  (Br.  Non-Res.),  Student,  K.  W.  Mac- 

Dermott. 
Port  Elgin  (Br.  Non-Res.),  Junior,  C.  G.  E.  Feick. 
Sheridan  (Br.  Non-Res.),  Student,  S.  N.  Lawrence. 
Stouffville  (Br.  Non-Res.),  Student,  M.  R.  Lemon. 
Sundrldge    (Br.     Non-Res.),    Associate    Member, 

T.  J.  Paget. 
Toronto    (Br.   Res.),    Members,   -A..   Aeberli,   E.   A. 

AUcut,  J.  R.  W.  Ambrose,  R.  W.  Angus,  H.  W.  D. 

Armstrong,  T.  S.  Armstrong,  R.  A.  Baldwin,  J.  H. 

Barber,  F.  J.  Bell.  A.  E.  Berry,  A.  W.  K.  Billings, 

H.   A.   Bodwell,   W.   E.   Bonn,  A.   E.    K.   Bunnell, 

W.  G.  Chace,  W.  P.  Chapman,  F.  G.  Clark,  J.  R. 

Cockburn,   A.    W.   Connor,    E.    L.    Cousins,   C.    R. 

Coutlee,  A.  B.  Crealock,  E.  A.  Cross,  C.  J.  Crowley, 

A.  G.  Dalzell,  V.  A.  G.  Dey,  L.  S.  Dixon.  W.  P. 

Dobson,   F.   C.   Dyer,    F.   R.    Ewart,   R.    Fleming, 

D.  M.  Fraser,  A.  M.  German,  G.  Grant,  J.  Grieve, 
C.  B.  Hamilton,  A.  H.  Harkness,  D.  W.  Harvey, 
H.  E.  T.  Haultain,  S.  E.  M.  Henderson,  M.  C. 
Hendry,  C.  S.  L.  Hertzberg,  E.  G.  Hewson,  G. 
Hogarth,  T.  H.  Hogg.  J.  Hole,  A.  R.  Holmes,  L.  M. 
Jones,  J.  G.  G.  Kerry,  A.  A.  Kinghorn,  J.  A.  Knight, 
H.  J.  Lamb,  L.  A.  C.  Lee,  T.  R.  Loudon,  H.  W. 
McAU,  W.  Maclachlan,  A.  T.  C.  McMaster,  J.  A. 
McNicol,  N.  MacNicol,  D.  Macpherson,  H.  G. 
.McVean,  C.  H.  Mitchell.  K.  V.  Moore,  J.  L. 
Morris,  A.  L.  Mudge,  W.  P.  Near,  L  H.  Nevitt, 
L.  R.  Ord,  J.  M.  Oxley,  G.  G.  Powell,  E.  M. 
Proctor,  G.  W.  Rayner,  C.  R.  Redfern,  W.  B. 
Redfern,  F.  D.  Reid,  J.  A.  Reid,  P.  Reynolds,  B. 
Ripley,  A.  B.  Ross,  H.  T.  Routley,  W.  B.  Russel, 
R.  G.  Saunders,  H.  M.  Scott,  C.  E.  Sisson,  A.  A. 
Smith,  K.  H.  Smith,  W.  J.  Smither,  R.  E  Smythe, 
R.  E.  Smythies,  W.  Storrie,  T.  Taylor,  D.  R. 
Thomas,  G.  N.  Thomas,  J.  J   Traill,  A.  P.  Walker, 

E.  T.  Wilkie,  N.  D.  Wilson,  W.  S.  Wilson,  C.  R. 
Young,  R.  B.  Young;  Associate  Members,  W.  D. 
Adams,  J.  K.  Affleck,  H.  V.  Armstrong,  W.  T. 
Ashbridge,  H.  A.  Babcock,  L.  A.  Badgley,  T.  B. 
Ballantyne,  W.  Barber,  D.  C.  Beam,  A.  E.  Beck, 

F.  A.  Becker,  S.  G.  Bennett,  W.  H.  B.  Bevan,  A.  L. 
Birrell,  A.  L.  Bishop,  H.  M.  Black,  S.  W.  B,  Black, 

F.  J.  Blair,  E.  J.  Boswell,  J.  H.  W.  Bower,  E.  T.  J. 
Brandon,  H.  E.  Brandon,  J.  Breakey,  W.  T.  Bricken- 
den,  E    T.  Bridges,  N.  M.  Brydon,  J.  R.  Burgess, 

C.  E.  Bush,  D.  Cameron,  C.  D.  Carruthers,  J.  F. 
Cassidy,  G.  H.  Chalmers,  E.  R.  Clarke,  N.  M.  Cooke, 
J.  H.  Cornish,  G.  H.  Crase,  A.  W.  Crawford,  W.  B. 
Crombie,  T.  L.  Crossley,  R.  A.  Crysler,  C.  D.  Dean, 
R.  deBruno- Austin,  W.  L.  Dickson,  W.  L.  Dobbin, 
H.  L.  Dowling,  W.  B.  Dunbar,  W.  E.  P.  Duncan, 
E.  B.  Dustan,  J.  W.  Dyer,  C.  G.  Ericson,  E.  Eriksen, 

G.  E.  Evans.  R.  A.  Fairbairn,  J.  W.  Falkner,  T.  H. 
Fenner,  R.  Ferguson,  O.  L.  Flanagan,  C.  D.  Fleming, 

D.  Forgan,  J.  H.  Fox,  T.  F.  Francis,  C.  E.  Fraser, 
R.  J.  Fuller,  C.  H.  FuUerton,  F.  Gaskill,  D.  G. 
Geiger,  P.  W.  Geldard.  A.  Gibson,  J.  M.  Gibson, 
R.  G.  Godson,  F.  B.  Goedike,  H.  M.  Goodman, 
J.  M.  Gordon,  E.  R.  Grange,  S.  L.  Grenzebach, 
P.  N.  Gro.ss,  W.  W.  Gunn,  H,  N.  Gzowski,  A. 
Hadley,  S.  W.  Hall,  F.  J.  Hancox.  A.  Hay,  M,  N. 
Hay,  A.  H.  Heatley,  G.  Hemmerick,  G.  C.  Hoshal, 

E.  B.  Hubbard,  A.  M.  Hudson,  E.  E.  H.  Hugli, 
A.  M.  Humble,  C.  J.  Ingles,  T.  T.  Irving,  G.  R. 
Jack,  H.  H.  James,  C.  B.  Joy,  A.  E.  Jupp,  H.  C. 
Kendall,  C.  R.  Kinnear,  H.  T,  Kirkpatrick,  D.  S. 
Laidlaw,  J.  A.  Langford,  C.  B,  Leaver,  A.  D.  LePan, 


D.  S.  Lloyd,  G.  R.  Lord,  C.  G.  J.  Luck,  W.  C. 
Lumbers,  H.  L.  .McClelland,  H.  R.  .McClyiriont, 
K.  D.  McDonald,  N.  G.  .McDonald,  A.  Mclntee, 
D.  G.  MacKenzie,  J.  A.  Mackenzie,  J.  -Magkintosh, 
D.  L.  McLaren,  J.  F.  MaoLaren,  K.  R.  McLennan, 
A,  L.  Malcolm,  R.  C.  Manning,  J.  A.  P.  Marshall. 
K.  H.  Mason,  D.  Massev,  E.  A.  H.  Menges,  J.  A. 
Michaud,  E.  S.  .Miles,  G.  .Mitchell,  J.  R.  .Montague, 
R.  Morham,  E.  K.  .Mueller,  W  V.  .Mumford,  T.  A.  S. 
Mutiford,  K.  Nicholson,  R.  K.  Northey,  H.  B. 
Norwich,  A.  E.  .Nourse,  E.  L.  Patcr.son,  D.  E.  Per- 
riton,  G.  Phelp.s,  F.  R.  Phillips,  C.  J.  Printz,  L.  C. 
Prittie,  J.  W.  Purcell,  A.  M.  Reid,  R.  H.  Reid,  F. 
Richardson,  A.  R  Robertson,  C.  D.  Roberts,  G.  H. 
Rogers,  H.  G.  Rogers,  H.  J.  Ross,  W.  E.  Ross, 
G.  G.  Routledge,  J.  H,  Russell,  W.  L.  Sagar,  M. 
Samviel,  .\.  U.  Sander.son.  F.  H.  C.  Sefton.  W.  L. 
Shelden,  D.  Shepherd,  J.  Sinton,  R.  M  Smith,  J.  J. 
Spence,  J.  G.  Spotton,  J.  N.  .Stanley,  M.  A.  Stewart, 
G.  M.  Stuart,  H.  B.  Stuart,  S.  G.  Talman,  H.  W. 
Tate,  H.  G.  Thompson,  P.  .M.  Thompson,  V. 
Topping,  A.  M.  Toye,  C.  P.  Van  Norman,  J.  B. 
Wain,  J.  G.  R.  Wainwright,  W.  D.  Walcott,  J.  M. 
Walker,  G.  L.  Wallace,  M.  B.  Watson,  R.  G. 
Watson,  M.  P.  Whelen.  J.  A.  G.  White,  G.  P. 
Wilbur,  E.  C.  Williams,  R.  W.  Willis,  L.  A.  Wilmot, 
R.  C.  Wiren,  W.  R.  Worthington;  Juniors,  J.  H. 
.Vddison,  W,  E.  Andrewes,  A.  V.  .\rmstrong,  E.  .4. 
Attenborough,  W.  F.  Auld,  E.  M.  Baird,  H.  C. 
Bates,  J.  G.  Bovd.  H.  R.  Brownell,  T.  L.  Campbell. 

F.  C.  Elev,  J.  R.  Frith,  A.  G.  Grant,  W.  J.  Grant, 
W.  E.  Griffith,  L.  Grime,  G.  W.  Hatfield,  C.  Hersli- 
field,  E.  C.  Higgins,  W.  T.  Holgate,  E.  V.  Hunt, 
K.  W.  Irwin,  H.  C.  Jones,  E.  W.  McBride,  J.  C. 
.Morgan,  C.  F.  -Morrison,  V.  L.  Mueller,  D.  I. 
Nattress,  D.    Norman,   F.   E.   Regan,   W.   L.   Rice. 

D.  G.  Robertson,  H.  C.  Ross,  G.  H.  Rowat,  W. 
Schoeni,  R.  H.  Spriggs,  E.  A.  Sudden,  E.  H.  Tracv, 
K.  H.  Tremain,  A.  E.  Tyson,  F.  E.  Wellwood,  T.  M. 
West;  Stude.nts,  T.  C.  Agnew,  A.  B.  .\nglin,  F.  W. 
Barnhouse,  F.  G.  F.  Barr,  E.  F.  Barratt,  E.  A. 
Black,  C.  J.  Bridgland,  J.  G.  Burlev.  J.  S.  Camp- 
bell, M.  S.  Carson,  R.  L.  Christie,  P.  D.  Corkum, 

E.  Davey,  T.  Dembitzky,  E.  W.  Dill,  P.  W.  Dod- 
dridge, R.  Drummond,  J.  D.  Duncan,  F.  G.  Ewens, 
R.  R.  Finlay,  A.  T.  Firth.  O.  J.  Frisken,  A.  Genik, 
A.  L.  Graham,  G.  J.  Haggert,  E.  A.  Hankin,  J.  B. 
Hanly,  C.  E.  Hawke,  T.  Henry,  R.  Hewitt,  H.  A. 
Hornfelt,  G.  L.  Jennings,  W.  D.  Johnston,  C.  G. 
Kauth,  P.  C.  King,  W.  J.  Lackev,  W.  M.  Lawrassn, 
W.  C.  Lea,  D.  S.  Lee.  G.  L.  MacDonald,  R.  C. 
.McMordie,  W.  F.  McMvUlen,  K.  R.  .Mather,  W.  E. 
Micklethwaite.  D.  C.  R.  Miller,  J.  A.  .Morrison, 
V.  S.  Murray,  F.  S.  Nation,  E.  W.  Oddlaf.son,  G.  N. 
Patterson,  J.  E.  Pepall,  C.  B.  Pitt,  J.  E.  Potts, 
J.  G.  Powell,  W.  M.  Oxley,  D.  R.  Ramsdale,  V.  L. 
Richards,  W.  O.  Richmond,  W.  J.  Robson,  A.  LeB. 
Ross,  A.  E.  Rule.  V.  Shanks,  A.  J.  E.  Smith.  A.  W. 
S.  Smith,  H.  M.  Smith,  W.  S.  Smith,  C.  M.  Steeves, 

G.  L.  Story,  H.  Tuck,  M.  J.  Waite,  J.  G.  Welsh, 
D.  D.  Whitson.  J.  W.  Whytock.  L.  C.  Williams, 
T.  W.  Wilson,  J.  M.  Yates;  Affilhtes,  A.  Bur- 
rows, E.  Shuter. 

Weston  (Br.  Res),  Student,  M.  H.  Hast  ngs. 
Whitby  (Br.  Non-Res.),  Associate  Member,  D.  J. 

Kean. 
Whiteside  (Br.  Non-Res.),  Member,  F.  A.  Dallyn. 
York  Mills  (Br.  Res).  Associate  Member,  O.  Holden. 


Peterborough  Branch  District 

{The  Counties  of  Hastings,  Northumberland, 
Peterborough,  Haliburton,  Victoria,  Durham.) 

Belleville  (Br.  Non-Res.),  Members,  F.  S.  Lazier, 
G.  B.  Smith;  Associate  Members,  D.  W.  Bews, 
J.  A.  Creasor,  E.  R.  Logie;  Junior,  G.  R.  Davis; 
Student,  T.  F.  S.  .\man. 

Campbellford  (Br.  Non-Res.),  Associ.^te  Members, 
F.  A.  Burgar,  G.  Hawthorne. 

Corbyville  (Br.  Non-Res.),  Student,  R.  D.  Bennett. 

Fenelon  Falls  (Br.  Non-Res.),  Student,  J.  M.  Jordon. 

Grafton  (Br.  Non-Res),  Associ.^te  Member,  G.  R. 
Taylor. 

Hall's  Bridge  (Br.  Non-Res.),  Associate  Member, 
T.  V.  McCarthy. 

Hastings  (Br.  Non-Res.),  Student  C.  M.  Baker. 

Lindsay  (Br.  Non-Res.),  Member,  F.  R.  Wilford; 
.\ssociate  Member,  J.  R.  Wilford;  Junior,  H.  D. 
Wilford. 

Madoc  (Br.  Non-Res.),  Associate  Member,  R.  J. 
Burnside. 

Peterborough  (Br.  Res.),  Members,  R.  L.  Dobbin, 
R.  Dobie,  L.  D.  Magie,  H.  A.  Morrow,  R.  H.  Parsons, 
J.  W.  Pierce,  E.  R.  Shirley;  Associate  Members, 
J.  Barnes,  B.  L.  Barns,  F.  Bowness,  W.  M.  Cruthers, 
V.  R.  Currie,  A.  L.  Dickieson,  V.  S.  Foster,  A.  B. 
Gates,  T.  E.  Gilchrist,  R.  E.  Hinton,  A.  L.  Killaly,  W. 
A.  Logan,  A.  H.  Munro,  B.  Ottewell,  M.  V.  Powell, 
H.  Robertson;    Juniors,  T.  J.  Brant,  B.  I.  Burgess, 

E.  J.  Davies,  W.  T.  Fanjov,  A.  R.  Jones,  S.  Shields, 
H.  R.  Sills;  Stl-dents,  A.  J.  Bonney,  W.  B. 
Brown,  J.  Cameron,  G.  A.  Cunningham,  D.  J. 
Emery,  A.  J.  Girdwood,  R.  S  Hall,  J.  L.  McKeever, 
C.  B.  Muir,  G.  W.  Painter,  F.  G.  A.  Tart,  G.  C. 
ToUington,  C.  A.  Wright;  Affiliates,  S.  G. 
Alexander,  H,  C.  Norley. 

Port   Hope    (Br.    Non-Res.),    Associate    Members, 

F.  H.  Barnes,  P.  deL.  D.  Passy ;  Students,  C.  Fraser, 
W.  P.  Ralston. 

Trenton    (Br.    Non-Res),    Member,    H.    A.    Moore; 

Associate  Members,  W.  J.  Bruce,  G.  O.  Johnson, 

J.  J.  Macnab;  Students,  D.  S.  Blaine,  R.  C.  Mair, 

W.  A.  Orr. 
Tweed  (Br.  Non-Res.),  Students,  G.  C.  Arthey,  D.  J. 

LaFontaine. 
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Kingston  Branch  District 

{The  Counties  of  Prince  Edward,  Lennox, 
Addingion,  Frontenac,  Leeds.) 

Bloomfield  (Br.  Non-Res),  Stddent,  J.  W.  Leavens. 

Cardinal  (Br.  Non-Res.),  Associate  Member,  A.  S. 
Fraser;  Junior,  R.  H.  Wallace. 

Gananoque  (Br.  Res),  Junior,  H.  D.  Rogers; 
Student,  R.  E.  Clarke. 

Kingston  (Br.  Res.),  Hon.  Member,  A.  L.  Clark; 
Members,  L.  M.  Arkley,  J.  M.  Campbell,  W.  Casey, 
L.  F.  Goodwin,  LeR.  F.  Grant,  T.  A.  McGinnis, 
A.  Macphail,  W.  L.  Malcolm,  L.  T.  Rutledge,  N.  C. 
Sherman,  W.  P.  Wilgar;  Associate  Members, 
G.  G.  M.  Carr-Harris,  M.  E.  Crouch,  D.  S.  Ellis, 
J.  E.  Goodman,  J.  W.  Hunter,  A.  Jackson,  D.  M. 
Jcmmett,  H.  H.  Lawson,  T.  W.  Lazenby,  R.  A.  Low, 
J.  E.  Lyon,  R.  J.  McClelland,  O.  T  Macklem,  A.  G. 
Pedder,  J.  M.  Silliman,  G.  J.  Smith;  Junior,  J.  E. 
Clark;  Students,  G.  L.  Bodwell,  M.  A.  Buell, 
J.  D.  Christian,  D.  C.  Crothers,  M.  A.  Erickson, 

A.  D.    Kent,  A.  J.   McDonald,   K.   H.   McKibbin. 

E.  C.  Mayhew,  J.  M.  Reid,  J.  B.  Saunders,  J.  L. 
Taylor,  R.  E.  Wilkins. 

Ottawa  Branch  District 

{The  Counties  of  Grenville,  Stonnont,  Dun- 
das,  Glengarry,  Prescott,  liussdl,  CarUton, 
Lanark,  Renfrew,  Labelle,  Que.,  Oltaxva,  Ont., 
Pontiac,  Que.,  Temiskaming,  Que.,  Yukon, 
and  the  North  West  Territories.) 

Almonte    (Br.    Non-Res.),    Member,    M.  C.   Mac- 

Farlane. 
Amos,  Que.   (Br.  Non-Res),  Associate  Members, 

G.    P.    Castledon,   J.    Dumont;   Students   G.    H. 

Dumont,  J.  M.  Paquet. 
Arnprior   (Br.   Non-Res.),  Associate   Member,    N. 

Malloch. 
Arntfield.  Que.  (Br.  Non-Res.).  Student.  L.  J.  Lichy. 
Bourlamaque,     Que.     (Br.     Non-Res.),     Student, 

W.  C.  McLeod. 
Buckingham,  Que.  (Br.  Res),  Associate  Member, 

J.  K.  Davidson;  Student,  W.  A.  Baldwin. 
Chesterville  (Br.  Non-Res.),  Student,  C.  A.  Graham. 
Cornwall    (Fir.    Non-Res.),   Members,   W.   H.   Mag- 
wood,  D.  Ross-Ross,  C.  D.  Sargent,  D.  Whittaker; 

Associate    Members,   A.    L.    Farnsworth,    P.    C. 

Kirkpatrick,     H.     E.     Meadd,     J.     B.     Wilkinson; 

Student,  W.  Schofield. 
Hawkesbury     (Br.     Non-Res.),     Members,     C.     B. 

Thome,    S.    Wang;     Associate    Members,    G.    J. 

Manson,  H.  J.  Whiting. 
Hull,  Que.  (Br.  Res),  Associate  Members,  A.  N. 

Ball,  F.  L.  Davis,  A.  V.  Gale,  W.  F.  Hadley,  R.  G. 

Johnstone,  W.  S.  Kidd,  V.  Perrin,  G.  Stephenson. 
Low,    Que.    (Br.    Non-Res.),    Associate    Member, 

G.  H.  Desbarats. 
Maitland     (Br.     Non-Res.),     Associate    Member, 

R.  C.  P.  Webster. 
Montebello,  Que.  (Br.  Non-Res.),  Associate  Mem- 
ber, M.  D.  Stewart. 
Morrisburg    (Br.    Non-Res.),    Associate    Member, 

G.  L.  Brown. 
Noranda,  Que.  (Br.  Non-Res.),  Associate  Members, 

J.  R.  Bradheld,  J.  Handley,  C.  W.  Justice,  D.  B. 

Simpkin;     Students,    C.    B.    Charlewood,    W.    J. 

Lecky,  R.  W.  Quigley. 
Ottawa  (Br.  Res.),  Members,  J.  L.  Allison,  F.  Ander- 
son, L.  L.  Bolton,  R.  W.  Boyle,  S.  Bray,  F.  E.  Bron- 

son,  J.  E.  Brown,  D.  R.  Cameron,  K.  M.  Cameron, 

C.  Camsell,  W.  H.  Carson,  S.  J.  Chapleau,  J.  B. 
Cochrane,  M.  F.  Cochrane,  L.  H.  Cole,  R.  deB. 
Corriveau,  A.  D.  M.  Curry,  R.  A.  Davy,  L.  F.  H. 
deMiffonis,  W.  M.  Dennis,  G.  J.  Desbarats,  J.  G. 
Dickenson,  G.  B.  Dodge,  A.  E.  Dubuc,  H.  A.  Dupre, 

F.  H  Emra,  H.  E.  Ewart,  G.  H.  Ferguson,  E.  H. 
Finlayson,  O.  S.  Finnie,  G.  G.  Gale,  R.  E.  Gilmore. 

B.  F.  C.  Haanel,  R.  L.  Haycock,  R.  F.  Howard, 
J.  T.  Johnston,  H.  W.  Jones,  H.  Kennedy,  H.  E. 
M.  Kensit,  A.  Lafleche,  W.  S.  Lawson,  A.  F. 
Macallum,  F.  McDonnell,  B.  S.  McKenzie,  D.  W. 
McLachlan,  N.  B.  McLean,  J.  McLeish,  A.  G.  L. 
McNaughton,  J.  G.  Macphail,  J.  B.  McRae,  C.  A. 
Magrath,  N.  Marr,  L.  T.  Martin,  A.  J.  Matheson, 
V.  Meek,  T.  S.   Mills,  W.  H.  Munro,  J.   Murphy, 

D.  H.  Nelles,  D.  A.  Nichols,  N.  J.  Ogilvic,  J.  H. 
Parkin,  F.  H.  Peters,  J.  L.  Rannie,  F.  B.  Reid,  A.  C. 
Ross,  H.  L.  Seymour,  L.  Sherwood,  T.  L.  Simmons, 

F.  S.  Small,  R.  S.  Smart,  V.  L  Smart,  E.  W.  Sted- 
man,  R.  M.  Stewart,  J.  A.  Stiles,  J.  E.  St.  Laurent, 
W.  M.  Tobey,  R.  F.  Uniacke,  E.  Viens,  J.  M.  Wardle, 

B.  W.  Waugh;  Associate  Members,  J.  Adam, 
R.  C.  F.  Alexander,  T.  V.  Anderson,  F.  C.  Askwith, 
A.   E.   Attfield,   N.   F.   Ballantyne,  B,   G.    Ballard, 

C.  E.  Baltzer,  R.  G.  Bangs,  D.  Barry,  H.  M  Barton. 
O.  A.  Barwick,  A.  M.  Beale,  A.  A.  Belanger,  G.  A. 
Bennett,  E.  D.  Berry,  J.  R.  Bissett,  D.  Blair,  W. 
Blue,  M.  B.  Bonnell,  C.  A.  Bowman,  E.  F.  Browne, 

G.  A.  Browne,  C.  Bruce,  W  F.  M.  Bryce,  E.  L  M. 
Burns,  J.  V.  Butterworth,  J.  H.  Byrne,  S.  W. 
Canniff,  K.  G.  Carty,  W.  L.  L.  Cassels,  C.  Chaloner, 

D.  Chene,  G.  Claxton,  R.  H.  Cooper,  W.  F.  Coutlee, 
A.  T.  N.  Cowley,  H.  C.  Craig,  H.  R.  Cram,  G.  M. 
Croil,  C.  B.  Daubnev,  H  M.  Davy,  S.  G.  Dawson, 
J.  Dick,  A.  F.  Duguid,  H.  J.  Dunne,  C.  P.  Edwards, 
J.  A.  Ewart.  S.  D.  Fawcett,  A.  Ferrier,  R.  H.  Field, 
W.  H.  G.  Flay,  J.  L.  Foreman,  A.  N.  Fraser,  E.  V. 
Gilbert,  W.  G.  C.  Gliddon,  F.  G.  Green,  R.  W. 
Guy,  R.  E.  Hanson,  S.  Hardcastle.  J.  F.  Harkom, 
C.  Harvey,  A.  K.  Hay,  J.  P.  Henderson,  F.  C. 
Higgins,  J.  Houliston,  L.  J.  M.  Howard,  J.  W. 
Hug^on,  W.  R.  Hughson.  L.  McL  Hunter,  J.  H. 
Irvine,  C.  M.  Johnston,  W.  M.  Johnstone,  E.  B. 


Jost,  M.  Katz,  W.  R.  Kenny,  P.  L.  Kuhring,  A.  K. 
Laing,  H.  F.  J.  Lambart,  J.  A.  Lamoureux,  A. 
Langlois,  J.  E.  Larochelle,  W.  L.  Laurie,  W.  J. 
LeClair,  H.  G.  Lege,  G.  A.  Lindsay,  J  A.  Loy,  F.  C. 

C.  Lvnch,  W.  R.  McClelland,  D.  G.  McCrone,  J.  A. 
Macdonald.  W.  E.  MacDonald,  W.  S.  McDonald, 
T.  A.  McElhanney,  S.  Mcllwain,  M.  A.  MacKinnon, 

D.  McMillan,  A.  E.  MacRae,  N.  B.  MacRostie, 
M.  S.  Madden,  E.  S.  Martindale,  O.  M.  Meehan. 
J.  T.  Mitchell,  L.  N.  Moore,  A.  G.  S  Murphv, 
J.  J.  Murphy,  S.  J.  Murphy,  A.  Murray.  J.  H.  H. 
Nicolls,  W.  H.  Norrish,  J.  S.  Parker,  W.  J.  Pcaker, 

C.  H.  Pinhey,  C.  M.  Pitts,  J.  A.  Pounder,  R.  M. 
Prendergast,  C.  A.  Price,  R.  C.  Purser,  C.  V. 
Putman,  R.  M.  Richardson,  G.  S  Ridout,  S.  O. 
Roberts,  L.  B.  Rochester.  H.  G  Ross,  W.  A.  Rush, 
W.  L.  Saunders,  B.  H.  Segre,  H.  V.  Serson,  P. 
Sherrin,  W.  L  Shuttleworth,  R.  R.  Sirrs.  F.  G. 
Smith,  S.  M.  Sleeves,  C.  R.  S.  Stein,  C.  Stephen, 
J.  N.  Stinson,  L  R.  Strome,  R.  A.  Strong,  A.  A. 
Swinnerton,  S.  G.  Tackaberry,  G.  F.  Taylor,  A. 
Thomas,  G.  R.  Turner,  J.  A.  Vermette,  C.  Yokes, 
W.  E.  Wakefield,  E.  O.  Way,  H.  R.  Welch,  T.  O. 
Whillans,  C.  E.  White,  A.  R.  Whittier,  C.  D.  Wight, 

D.  A.  Williamson,  J.  A.  Wilson,  J.  C.  Wilson,  N. 
Wilson,  S.  H.  Wilson,  M.  Windsor,  C.  O.  Wood, 
J.  E.  Woods,  J.  Woodside,  K.  F.  Wrangell;  Juniors, 
G.  E.  Beament,  J.  W.  Craig,  A.  W.  G.  DesBrisay, 
R.  L.  Drake,  J.  H.  Ferguson,  H.  S.  V.  Gibbon,  R.  E. 
Haves,  H.  D.  Hyman,  J.  W.  Lucas,  H.  B,  Mac- 
Carthy,  E.  M.  MacLeod,  E.  Miall,  T.  M.  Patterson, 

E.  M.  Ramsay;  Students,  W.  J.  Ahearn,  C.  E. 
Bedford-Jones,  R.  C.  C.  Brown,  S.  W.  Coleman, 
C.  Cotton,  H.  F.  Grain,  J.  E.  Gumming,  T.  H. 
Doherty,  J.  L  Dore,  R.  F.  Dore,  J.  R.  Dunlop,  J.  T. 
Dyment,  S.  G.  Gamble,  A.  G.  Garvock,  W.  L. 
Hare,  C.  T.  Heeney,  J.  C.  P.  Leahy,  C.  D.  Low, 
C.  E.  V.  Mc Knight,  H.  L.  Meuser,  C.  W.  Morrison. 
W.  M.  Murray,  R.  M.  Powell,  H.  S.  Rees,  N.  E. 
Rodger,  P.  Roy,  R.  C.  Silver,  N.  J.  Smith,  J. 
Sozansky,  .S.  C.  Williams;    Affiliates,  A.  J.  .\mes, 

F.  D.  Burpee,  K.  M.  Guthrie. 

Pascalis,  Que.  (Br.  Non-Res.),  Associate  Member, 

J.  A.  Black;  Student,  G.  M.  McLean. 
Pembroke     (Br.     Non-Res.),     Associate    Member, 

W.  J.  Moore;  Student,  C.  G.  Biesenthal. 
Perth  (Br.  Non-Res.),  Student,  R.  L.  Strong. 
Petawawa  (Br.  Non-Res.),  Member,  C.  H.  Ellaeott; 

Associate  Members,  J.  L.  H.  Bogart,  K.  R.  Mac- 

Gregor. 
Prescott    (Br.    Non-Res.),   Member,   W.    L.   LeRoy; 

-Associate  Member,  J.  K.  Wyman;  Student,  E.  L. 

Kingston. 
Ouyon,  Que.  (Br.  Non-Res.),  Member,  G.  C.  Dunn. 
Renfrew  (Br.  Non-Res.),  Associate  Member,  J.  R. 

Stewart. 
Rockland  (Br.  Non-Res),  Student,  R.  Mayeroviteh. 
Rouyn,   Que.    (Br.    Non-Res),   Associate  Member, 

S.  Troop;  Stude.nt,  P.  Descoteaux. 
.Siscoe,   Oue.    (Br.    Non-Res.),   Students,   A.   D.   W. 

Fraser.  R.  ^L  FuUerton. 
Smith's  Falls   (Br.   Non-Res.),  Student,   F.   R.   V. 

Billie. 
Temiskaming,  Que.  (Br.  Non-Res.),  Member,  A.  K. 

Grimmer;    Associate    Members,    J.    J.    Freeland, 

B.  Grav,  J.  G.  MacLaurin. 
Val  d'Or,  Que.  (Br.  Non-Res.),  Associate  Member, 

H.  Mugaas:  Student,  A.  L.  Denton,  W.  R.  Young. 
Waba  (Br.  Non-Res.),  Student,  D.  E.  Stewart. 
Westboro   (Br.   Res.),   Members,   J.   C.   Day,   A.   E. 

Hopper;    Students.  F.  G.  Heney,  C.  O.  P.  Klotz. 
Williamstown  (Br.  Non-Res),  Assocute  Members, 

A.  G.  Barrett,  D.  D.  MacCrimmon;  Junior,  L  G. 

Henderson. 
Woodroffe  (Br.  Res.),  Student,  G.  D.  Pooler. 


ZONE  C 

{The  Province  of  Quebec) 

Montreal  Branch  District 

{The  Counties  of  Compton,  Stanstead,  Sher- 
brooke,  Richmond,  Wolfe,  Arthabaska,  Megan- 
tic,  Chambly,  Drummond,  Yamaska,  Richelieu, 
St.  HyacirUhe,  Bagot,  Shefford,  Rouville,  Brome, 
Missisquoi,  Iberville,  St.  Johns,  Napierville, 
La  Prairie,  Vercheres,  Chateauguay,  Hunting- 
don, Beauharnois,  Jacques  Cartier,  Laval,  Two 
Mountains,  Terrebonne,  L'Assomption,  Mont- 
calm, Jolietie,  Berthier,  Maskinonge,  Argen- 
teuil,  Vaudreuil,  Soulanges,  and  also  all  other 
territory  in  Canada  not  allocated.) 

Asbestos  (Br.  Non-Res),  Junior.  J.  T.  Lang; 
Students,  W.  D.  Donnelly,  W.  G.  Hamilton. 

Beauharnois  (Br.  Non-Res.),  Associate  Members, 
J  L.  Balleny,  J.  B.  Barnum,  B.  K.  Boulton,  L.  H. 
Burpee,  J.  P.  Chapleau,  P.  H.  Morgan,  C.  H.  Pigot, 
G.  D.  Sauer;  Juniors,  E.  N.  Hylland,  W.  L  Mc- 
Farland;     Student,  H.  F.  Abbott. 

Beebe  (Br.   Non-Res.),  Student,  W.  B.  Hazelton. 

Boucherville  (Br.  Non-Res).  Member.  E.  S.  Mattice. 

Brownsburg  (Br  Non-Rof),  Associate  Member, 
C.  H.  Jackson;  Junior,  J.  W.  Houlden;  Students, 
G.  F.  Clarke,  E.  H.  McCann,  H.  M.  Sherwood. 

Chambly  Canton  (Br.  Res.),  Student,  R.  W.  Phil- 
lips. 

Cowansville  (Br.  Non-Res.),  Associate  Member, 
A.  G.  Scott. 

Drummondville  (Br.  Non-Res.),  Associate  Mem- 
bers, F.  A.  Chisholm,  D.  R.  Eastwood;  Junior, 
J.  S.  Bryant;  Student,  N.  W.  Kershaw. 


East  Angus  (Br.  Non-Res),  Member,  S.  L.  deCarteret, 
Associate  Member.  E.  P.  Wilson. 

Farnham  (Br.  Non-Res.),  Associate  Member,  R.  H. 
Stenhouse. 

Isle  Bizard  (Non-Res),  Student,  H.  C.  De  Blois. 

Joliette  (Br.  Non-Res.),  Associate  Member,  L.  E.  H. 
Lippe. 

Kilmar  (Br.  Non-Res.),  Student,  R.  A.  Sancton. 

Knowlton  (Br    Non-Rps),  Member,  E.  Wilson. 

L'Assomption  (Br.  Res.),  Junior,  H.  A.  Gauvin. 

Lennoxville  (Br.  Non-Res.),  Member,  A.  True; 
Student,  B.  P.  Clarke. 

McMasterville  (Br.  Non-Res.),  Junior,  H.  B.  Brewer; 
Student,  A.  T.  Fell. 

Montreal  (Br.  Res),  (The  Island  of  Montreal), 
Honorary  Member,  F.  D.  Adams;  Members,  J.  D. 
Alder,  L.  A.  Amos,  W.  F.  .\ngus,  W.  J.  Armstrong, 
W.  S.  Atwood,  S.  Barr,  J.  E.  Beatty,  deGaspe  Beau- 
bien,  R  Bickerdike,  W.  I.  Bishop,  J.  B.  Blandon, 
M.  S.  Blaiklock,  D.  E.  Blair,  A.  C.  D.  Blanchard, 
J.  E.  Blanchard,  F.  L.  C.  Bond,  H.  B.  Bowen,  J.  H. 
Brace,  D.  Bremner,  C.  B.  Brown,  E.  Brown,  J.  L. 
Busfield,  A.  F.  Byers,  W.  G.  H.  Cam,  E.  G.  M. 
Cape,  J.  E.  Carmel,  G.  M.  Carrie,  W.  B.  Cartmel, 
R.  E.  Chadwick,  J.  B.  Challies,  J.  Chalmers,  J.  G. 
Chenevert.  C.  V.  Christie,  G.  C.  Clarke,  J.  L.  Clarke, 
L.  Coke-Hill,  G.  P.  Cole,  B.  Collitt,  F.  A.  Combe. 
J.  S.  Costigan,  E.  Cormier,  A.  H.  Cowie,  F.  W. 
Cowie.  W.  C.  M.  Cropper,  J.  B.  D'Aeth,  E.  Darling, 
P.  T.  Davies,  G.  S.  Davis,  A.  S.  Dawes,  W.  B. 
Dawson,  L.  G.  Denis,  C.  J.  Desbaillets,  W.  Dickson, 
J.  R.  Donald,  W.  J.  S.  Dormer,  W.  F.  Drysdale, 
W.  A.  Duff,  A.  R.  Dufresne,  G.  H.  Duggan,  A. 
Duperron,  R.  J.  Durley,  J.  M.  R.  Fairbairn,  J.  T. 
P'armer,  A.  Ferguson,  E.  G.  Fiegehen,  R.  H.  Findlay 

B.  G.  Flaherty,  A.  G.  Fleming,  O.  A.  Fogarty,  S.  J. 
Fortin,  E.  A.  Forward,  R.  DeL.  French,  F.  J. 
Friedman,  A.  Frigon,  T.  M.  Fyshe,  F.  A.  Gaby, 
R.  G.  Gage,  G.  A.  Gaherty,  F.  M.  Gaudet,  J.  A.  E. 
Gohier,  P.  S,  Gregory,  C.  S.  Gzowski,  J.  G.  Hall, 
.\.  D.  Harrison,  T.  W.  Harvie,  J.  D.  Hathaway, 
G.  P    Hawley,  J.  A.  Heaman,  R.  E.  Heartz,  R.  A 

C.  Henry,  B.  M.  Hill,  D.  Hillman,  E.  S.  Holloway, 
H.  S.  Holt,  Stuart  Howard,  J.  J.  Humphreys,  S.  J. 
Hungerford,  W.  G.  Hunt,  J.  H.  Hunter,  L.  C. 
Jacobs,  E.  H.  James,  J.  A.  Jamieson,  R.  E.  Jamieson, 
H.  M.  Jaquays,  R.  B.  Jennings,  L.  N.  Jenssen,  J.  A. 
Jettp,  F.  T.  Kaelin,  G.  Kearney,  F.  S.  Keith,  R.  S. 
Kelsch,  W.  Kennedy,  R.  B.  Keorick,  F.  B.  Kilbourn, 

E.  C.  Kirkpatrick,  G.  H.  Kohl,  T.  J.  Lafreniere, 
W.  Lambert,  A.  Laurie,  R.  S.  Lea,  W.  S.  Lea,  J.  P. 
Leclaire,  O.  O.  Lefebvre,  E.  S.  M.  Lovelace,  R.  E. 
MacAfee,  D.  McArthur,  R.  V.  Macaulay,  L.  deB. 
McCrady,  J.  A.  McCrory,  G.  K.  McDougall,  H.  A. 
Mackenzie,  C.  M.  McKergow,  W.  B.  McLean,  G.  R. 
MacLeod,  A.  W.  McMaster,  A.  Mailhiot,  D.  T. 
Main,  L.  H.  Marrotte,  E.  N.  Martin,  H.  Milliken, 
A.    H.    Milne,    G.    B.    Mitchell,    W.    G.    Mitchell. 

C.  N.  Monsarrat,  T.  S.  Morrisey,  J.  Morse,  C.  M. 
Morssen,  P.  B.  Motley,  F.  Newell,  G.  E.  Newill, 
W.  A.   Newman,  G.  G,  Ommanney,  J.  W.  Orrock, 

F.  T.  Peacock,  A.  Peden,  B.  R.  Perry,  P.  Philip, 
J.  B.  Porter,  P.  L.  Pratley,  J.  L.  E.  Price,  R.  P. 
Raynsford,  B.  P.  Richardson,  H.  J.  Roast,  J.  M. 
Robertson,  J.  W.  Roland,  H.  Rolph,  A.  H.  Ross, 

D.  W.  Ross,  R  A.  Ross,  E.  A.  Ryan,  G.  E.  Sancton, 
M.  V.  Sauer,  L.  E.  Schlemm,  J.  A.  Shaw,  F.  P. 
Shearwood,  P.  F.  Sise,  A.  W.  Smith,  J.  C.  Smith, 
J.  N.  Smith,  A.  R.  Sprenger,  G.  St.  G.  Sproule, 
J.  Stadler,  D.  Stairs,  A.  Stansfield,  O.  C.  Stein- 
mayer,  J.  B.  Stirling,  W.  H.  Stuart,  A.  Surveyer, 
L.  H.  D.  Sutherland,  W.  H.  Sutherland,  H.  W.  B. 
Swabey,  R.  O.  Sweezev,  I.  J.  Tail,  F.  Taylor,  F.  W. 
Taylor-Bailey,  G.  E.  Templeman,  D.  C.  Tennant, 

C.  Thomson,  F.  Thomson,  L.  R.  Thomson,  W.  C. 
Thomson,  K.  B.  Thornton,  J.  H.  Trimingham, 
H.  L.  Trotter,  H.  S.  Van  Seoyoc,  H.  H.  Vaughan, 
A.  Walker,  A.  S.  Wall,  E.  W.  Wall,  K.  Weatherbe, 

F.  S.  Williamson,  J.  B.  Woodyatt,  J.  S.  H.  Wurtele, 

G.  M.  Wynn,  M.  Zuercher;  Associate  Members, 
P.  Ackerman,  J.  A.  Adam,  G.  Agar,  C.  A.  Allen, 

D.  G.  Anglin,  F.  W.  Angus,  J.  V.  Angus,  D.  Anderson, 
J.  C.  Antliff,  D.  B.  Armstrong,  J.  E.  Armstrong, 
O.  F.  C.  Armstrong,  J.  K.  A.shworth,  A.  G.  L. 
Atwood,  T.  H.  Bacon,  C.  D.  Bailey,  R.  H.  Balfour, 
M.  Balls.  S.  R.  Banks,  M.  D.  Barclay,  N.  M. 
Barclay,  R.  W.  Bastable,  E.  Baty,  J  A.  Beauchemin, 

E.  A.  Beck,  A.  N.  Beer,  P.  A.  Beique.  H.  H.  Bell, 
C.  M.  Benett,  W.  H.  Bennet,  M.  J.  Berlyn,  L.  H. 
Birkett,  S.  Blumenthal,  A.  T.  Bone,  P.  E.  Bourbon- 
nais,  F.  Bowman,  H.  C.  T.  Boyd,  P.  G.  A.  Brault, 
J.  M.  Breen,  J.  F.  Brett,  E.  H.  Brietzcke,  C.  L. 
Brooks,  L  G.  Buck,  A.  N.  Budden,  W.  R.  Bunting, 
L.  H.  Burket,  E.  G.  Burr,  H.  W.  Buzzell,  N.  Cageorge, 
J.  D.  Calvin,  R.  M.  Calvin,  H.  D.  Cameron,  J.  S. 
Cameron,  K.  G.  Cameron,  N.  C.  Cameron,  N.  M. 
Campbell,  H.  H.  Cantwell,  E.  G.  Carey,  R.  M. 
Carmichael,  C.  A.  Carniel,  J.  G.  Caron,  J.  P.  B. 
Casgrain,  C.  L.  Gate,  A.  R.  Chadwick,  D.  M. 
Chadwick,  H.  D.  Chambers,  R.  M.  Charlton,  A. 
Chartier,  W.  V.  Cheshire,  P.  Chevalier,  J.  D.  Chis- 
holm, T.  A.  Chubb,  G.  S.  Clark,  G  G.  Clarke,  H.  R. 
Cleveland,  H.  G.  Cochrane,  J.  M.  Cockburn,  H. 
Cogdell,  R.  N.  Coke,  S.  S.  Colle,  A.  Collet,  R.  Collins, 
J.  Comeau,  T.  C.  Connell,  F.  W.  Cooper,  E.  P. 
Corner,  F.  M.  Cornell,  L.  S.  Cossitt,  A.  Cousineau, 
J.  J.  Crawford,  R.  E.  Crawford,  K.  T.  Cregeen,  H. 
Crombie,  G.  E.  Cross,  E.  Cryer,  W.  O.  Cudworth, 
S.  H.  Cimha,  A.  R.  Currey,  H.  L.  Currie,  A.  G. 
Gushing,  S.  A.  Cyr,  G.  R.  Dalkin,  N.  L.  Dann, 
J.  A.  L.  Dansereau,  V.  R.  Davies,  F.  J.  Delaute, 
P.  G.  Delgado,  L.  V.  Denis,  L.  W.  Deslauriers, 
H.  M.  Dibblee.  J.  A.  Dickinson,  G.  H.  Dickson, 
J.  E.  Dion,  G.  J.  Dodd,  H  H.  Donnelly,  H.  T. 
Doran,  R.  Dorion,  F.  Y.  Dorrance,  R.   M.  Doull, 

F.  V.  Dowd,  M.  A.  Downes,  M.  Doye,  L.  A. 
Dubreuil,  R.  S.  Eadie,  T.  Eardley-Wilmot,  N.  H.  A. 
Eager,  W.  H.  Eastlake,  N.  I.  Edwards,  G.  B.  Elliot, 
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J.  A.  Ellis.  N.  L.  Engel,  T.  O.  Evans,  J.  W.  Fagan, 
J.  M.  Fairbairn,  H.  W.  Fairlie,  E.  W.  Farmer, 
R.  W.  Farmer,  A.  W.  Finlayson,  H.  F.  Finnemore, 
A.  C.  Fleischmanii,  R.  C.  Flitton,  J.  H.  Forbes, 
J.  W.  H.  Ford,  R.  Ford,  E.  Fortin,  J.  Fortin,  V.  A. 
Fournier,  A.  J.  Foy,  W.  B.  Fraser,  J.  A.  Freelaiid, 
R.  P.  Freeman,  A,  E.  Fry,  J.  D.  Fry,  F.  F.  Fulton, 
L.  E.  F.  Fusey,  E.  V.  Gage,  L.  Galler,  W.  McG. 
Gardner,  P.  G.  Gauthier,  M.  Gerin,  C.  (Jerow, 
H.  A.  Gibcau,  F.  T.  Gnaedinger,  H.  A.  Goldman, 
E.   A.   Goodwin,   C.   H.   Gordon,   W.   W.   Graham, 

D.  F.  Grahame,  J.  A.  Grant,  L.  S.  F.  Grant,  B.  J. 
Griesbach,  W,  Griesbaeh,  H.  S.  Grove,  E.  Gruenig, 
R.  A.  Gurnham,  H.  Hadley,  G.  R.  Hale,  M.  B. 
Halpenny,  A.  F.  Hanly,  H.  B.  Hanna,  W.  G. 
Hardy,  A.  L.  Harkncss,  St.G.  Harvey,  H.  H.  Hawkes, 
J.  W.'  Heckman.  J.  A.  H.  Henderson,  T.  H.  Henrv. 
W.  Herbison,  C.  E.  Herd,  F.  S.  B.  Heward.  J.  S. 
Hewson,  B,  C.  Hicks,  S.  C.  Hill,  F.  E.  Holland, 
J.  W.  Hughes,  W.  H,  Hunter,  L  Hurtubise,  A. 
Hutchison,  D.  Hutchi«on.  F.  Irvine.  C.  H.  Jackson, 
W.  Jackson,  D.  H.  James,  W.  T.  Jamieson,  W.  H. 
Jarand.  P.  E.  Jarman,  G.  \.  Johnson,  G.  W.  F. 
Johnston,  H.  C  Johnston,  R  B.  Jones,  E.  B.  Jubien, 
C.  S.  Kane,  H.  C.  Karn,  J.  A.  Kearns.  E.  S.  Kelsey. 
C.  G.  Kemp,  J.  C.  Kemp,  H.  C.  Kennedy,  L.  A. 
Kenyon.  M.  W.  Kerson,  A.  R.  Ketterson,  D.  A. 
Killam,  E.  Klein.  E.  W.  Knapp,  P.  M.  Knowles, 
L.  E.  Krebser,  E.   Kugel,  W.  H.   Kyle,  J.  Labelle, 

E.  Lacroix,  L.  Laferme,  J.  M.  M.  LaForest,  A. 
Laframboise.  J.  A.  Lalonde.  J.  P.  Lalonde.  J.  H. 
Landry.  R.  Langlois.  C.  C.  Langstroth.  R,  Laplante. 
A.  J.  Lawrence.  H.  W.  Lea.  C.  J.  LeBlanc,  R.  F. 
Legget,  H  J.  Leiteh.  B.  Leman,  A.  Leroux.  L.  J. 
Leroux.  D.  J.  Lewis,  C.  C.  Lindsay,  C.  R.  Lindsey, 
H.  R.  Little.  R.  S.  Logan.  L.  Lucas,  H.  M.  Lyster, 
J.  W.  McCammon.  T.  C.  MeConkey,  C.  R.  McCort, 
L.  McCoy,  M.  McCrady,  H.  E.  McCrudden.  O.  J. 
McCulloch.  L.  B.  McCurdv.  L.  R.  McCurdv  S-  G. 
MacDcrmot.  C.  K.  McDonald.  J.  C.  McDougall,  S.  R. 
McDougall,  A.  B.  McEwen.  W.  H.  McGann.  M.  S. 
Macgjllivray.  T.  E.  McGrail,  W.   N.   McGuinness. 

F.  J.  McHugh.  E.  D.  Mcintosh,  J.  C.  Mcintosh, 
T.  R.  McLagan,  J.  H.  McLaren,  A.  J.  McLennan. 

C.  K.  McLeod.  J.  W,  MacMahon,  H.  W.  McMillan, 
K.  L.  MacMillan,  S.  D.  MacNab,  M.  F.  Mac- 
naughton.  A.  E.  McNicoll.  J.  J.  McNiven.  J.  B. 
Macphail.  H.  Massue.  R.  H.  Mather,  R.  J.  Mattson, 
J.  H.  Maude,  F.  C.  Mechin,  A.  A.  Mellor,  W,  A. 
Messenger,  P.  Millar,  E.  C.  Miller,  H.  Miller,  J.  J. 
H.  Miller,  C.  N.  Mitchell,  R.  W.  Mitchell,  S. 
Mitcheson,  E.  C.  Molke,  T.  M.  Montague,  H.  R. 
Montgomery,  H.  B.  Montizambert,  C.  D.  Moon, 
A.  G.  Moore,  W.  H.  Moore,  N.  L.  Morgan,  G.  B. 
Moxon,  R.  Mudge,  R.  H.  Mulock,  A.  H.  Munson, 
W.  A.  Mvirray,  E.  Nenniger,  L.  C.  Nesham.  T.  H. 
Nicholson.  C.  A.  Norris.  J.  H.  Norris,  B.  E.  Norrish, 
J.  G.  Notman,  H.  C.  Nourse,  B.  C.  Nowlan.  J.  C. 
Nutter.  M.  F.  O'Day,  J.  A.  Ogilvy,  R.  F.  Ogilvv, 
A.  Olsen,  S.  E.  Oliver,  J.  E.  Openshaw,  G.  H. 
Osborne.  C.  E.  Osier,  L.  L.  O'SuUivan,  A.  E.  Oulton, 
A.  J.  C.  Paine,  J.  Palmer,  G.  J.  Papineau,  L.  S. 
Pariseau,  A.  L.  Patterson,  J.  F.  Patterson,  E.  R. 
Pease,  E.  Peden,  K.  M.  Perry.  H.  S.  Petford,  J.  B. 
Phillips,  G.  M.  Pitts,  A.  Plamondon,  J.  F,  Plow, 
A.  S.  Poe,  C.  G.  Porter,  R.  Prefontaine,  E.  Prevost, 
H.  Prieur.  M.  A.  Prud'homme.  H.  W.  Racey.  R. 
Ramsay.  K.  M.  Ramsey.  W.  M.  Reid.  G.  W.  F. 
Ridout-Evans,  G.  R.  Rinfret.  A.  R.  Roberts,  J.  F. 
Roberts,  R.  K.  Robertson,  R.  M.  Robertson,  D.  O. 
Robinson,  W.  C.  E.  Robinson,  I.  F.  Roche.  A.  B. 
Rogers.  G.  V.  Roney,  A.  D.  Ross,  M.  V.  Ross.  W.  B. 
Ross.  G.  E.  Rousseau.  E.  Roy,  A.  S.  Runciman, 
A.  S.  Rutherford,  S.  F.  Rutherford,  F.  G.  Rutley, 
K.  R.  Rybka.  M.  A.  Sammett,  C.  S.  Saunders, 
J.  J.  R.  Scanlan.  W.  B.  Scoular.  A.  N.  Scott.  W.  G. 
Scott.  W.   K.  Scott.  S.  W.  Shackell.  G.  E.  Shaw, 

G.  W.  Shearer,  A.  P.  B.  Shearwood,  H.  W.  R. 
Shepherd,  N.  E.  D.  Sheppard,  A.  E.  Simpson.  E. 
R.  Smallhorn.  H.  S.  Spark.  H.  C.  Spencer,  W.  H. 
Spencer,  J.  E.  Sproule,  R.  E.  Stavert,  H.  L.  Steen- 
buch,  B.  H.  Steeves,  J.  T.  Steeves,  G.  R.  Stephen, 

D.  Stewart,  D.  L.  Stewart,  R.  O.  Stewart.  W.  M. 
Stobbart.  P.  F.  Stokes.  J.  D.  Stott.  R.  L.  A.  Strathy, 
R.  D.  Sutherland.  R.  G.  Swan.  I.  R.  Tait,  C.  O. 
Thomas,  J.  H.  Thompson,  T.  C.  Thompson,  W.  L. 
Thompson,  C.  H.  Timm,  W.  W.  Timmins,  V.  Toupin, 
G.  Townsend,  S.  N.  Tremblay,  E.  F.  Tucker,  E.  J, 
Turley.   A.   C.   Turtle,  W.   G.   Tyler,   H.    Ulmann, 

A.  Valiquette,  I.  A.  Vallieres,  H.  S.  Van  Patter, 
P.  Varley,  H.  W.  Vaughan,  H.  J.  Vennes,  C.  U.  R. 
Vessot,  A.  Vincent,  R.  A.  Vincent,  G.  O.  Vogan, 
J.  B.  Walcot,  W.  Walker,  G.  A.  Wallace,  J.  H. 
Wallis,  N.  S.  Walsh,  C.  Warnock,  G.  K.  Water- 
house,  H.  M.  Watson,  J.  P.  Watson,  W.  R.  Way. 
J.  Weir,  R.  A.  S.  Weir,  H.  G.  Welsford,  J.  H.  Wheat- 
ley,  D.  A.  White,  F.  C.  White,  R.  White,  C.  O. 
Whitman,  C.  R.  Whittemore,  K.  O.  Whyte,  A.  A. 
Wickenden.  G.  L.  Wiggs,  F.  Williams.  A.  Wilson. 
H.  A.  Wilson.  J.  H.  Wilson,  D.  O.  Wing,  K.  M 
Winslow,  E.  Winslow-Spragge,  M.  Wolff,  F.  M. 
Wood,  C.  D,  Woolward.  W.  L.  Yack,  R.  A.  Yapp. 
W.  J.  Yorgan,  W.  H.  Yost.  A.  A.  Young;  Juniors. 
H.  B.  Abbott-Smith.  E.  G.  Adams.  D.  K.  Addie. 
J.  G.  Allison,  A.  M.  Bain,  A.  Benjamin,  Archie 
Benjamin,  J.  L.  Bieler,  C.  L.  Blackmore,  R.  Boucher, 
W.  S.  Bowles,  C.  R.  Bown,  H.  C.  Butler.  J.  M.  Cape. 

B.  G.  Copping,  S.  A.  Craig,  C.  H.  Davis,  P.  deChazal, 
L.  A.  Duchastel,  A.  H.  DuChene,  T.  R.  Durley, 
L.  W.  Elliott,  C.  D.  Evans,  A.  J.  Farrell,  N.  Farrar, 
F.  S.  Fisher,  S.  T.  Fisher,  J.  W.  Gathercole,  H. 
Gaudefroy,  J.  Gilchrist,  B.  H.  D.  Giles,  A.  J.  Grant, 

E.  Grant,  A.  L.  Gravel,  R.  A.  G.  Gray,  A.  W. 
Grunsten,  J.  H.  Holden,  A.  B.  Hunt,  V.  Jepson, 
H.  Kirsh,  M.  Lamoureux,  J.  LeBlanc,  S.  G.  T-,och- 
head,  C.  P.  Lyman,  G.  S,  Lyons,  D.  J.  McDonald, 
M.  V.  MacDonald,  W.  S.  Mellquham.  R.  E. 
McMillan,  P.   D.    Magor.   W.   P.    Malone,   J.   H. 


Mellor,  G.  H.  Midgley,  P.  S.  A.  Morton,  D.  J. 
Munro,  A.  H.  Pangman,  E.  G.  Patterson.  I.  S. 
Patterson.  D.  I.  Pevzner.  C.  F.  Phipps.  J.  L.  Pidoux, 
M.  E.  Pineau.  H.  J.  Racey.  I.  A.  Ramstad,  F.  R. 
Reevcly,  P.  R.  Sandwell,  S.  C.  Scadding,  W.  H 
Schippel,  R.  C.  Simon,  J.  R.  Stewart,  W.  F.  Stewart, 
J.  E.  Thicke,  T.  Touzin,  G.  E.  Vcrnot,  G.  L.  Vickcr- 
son,  T.  H.  Wardleworth,  W.  E.  White,  R.  L.  Williams, 
N.  N.  Wright,  R.  H.  Ycomans,  J.  1).  Young; 
Stuuents,  J.  G,  Acena,  L.  J.  Arcand,  I.  S.  Backler, 
W.  C.  Baggs,  J.  A.  Baker,  F.  R.  Barnsley,  E.  A. 
Barton.  L.  T.  F.  Bcllew.  A.  J.  Bennett.  A.  P.  Benoit. 
J.  Benoit.  L.  Bcrcnstein,  H.  E.  Blachford,  M.  H. 
Blair-McGuflie,  D.  Bloom,  B.  O.  Boissonnault,  P. 
Bour(iue,  H.  Branchaud,  F.  Bricault,  O.  R.  Brumell, 
E.  T.  Buchanan,  G.  H.  Burdett,  D.  E.  Burnham, 
H.  W.  Burri,  J,  A.  T.  Butler,  P.  E.  Cadrin,  H.  E. 
Chalk.  G.  A.  Champagne.  A.  C.  S.  Chennell.  R.  A. 
Chipman.  P.  E.  Coffey,  A.  H.  Cole,  L.  P.  Cousineau, 

C.  Craig,  P.  G.  Cranston.  J.  M,  Crawford.  D.  H. 
Cross.  H.  E.  Cunningham.  L.  G.  Daianault,  A.  B. 
Darling,  T.  C.  Darling,  M.  F.  Dixon,  D.  C.  Dobbin, 
R.  W.  Dobridge,  R.  N.  Dobson,  E.  W.  Donohue, 
J.  Doucet,  R.  J.  F.  Dunlop,  W.  K.  Dunn,  J.  N. 
Dwyer.  H.  M.  Esdaile.  D.  C.  Esmond,  D.  E.  Evans, 

E.  N.  Evans,  P.  N.  Evans,  M.  A.  Faure,  A.  A.  Fer- 
guson, C.  B.  Fisher,  M.  Fleury.  W.  H.  Fong.  J.  B. 
Francis.  P.  B.   French.  R.   Frigon.  E.   G.   Gagnon, 

F.  Gersovitz.  W.  F.  P.  Gildea,  G.  H.  GiUett,  C.  C. 
Gilletz,  H.  J.  Gordon,  A.  E.  Gregoire,  D.  S.  Grant, 

D.  A.  Gray,  A.  J.  Groleau,  R.  W.  Hamilton,  R.  E. 
Hammond,  R.  D.  Harrison,  E.  H.  Hayes,  C.  R. 
Hebert.  T.  Holland,  J.  R.  Holmes,  J.  R  Houghton, 
T.  W.  Houghton,  P.  B.  Hughes,  G.  D.  Hulme,  F.  M. 
Hutchins,  J.  E.  Hurtubise,  W.  J.  B.  Hutchison,  J.  H. 
Ingham,  E.  R.  Jacobsen,H  M.  Jaquays,  J.  S.  Jeffrey, 
R.  E.  L.  Johnson,  G.  B.  Jost.  T.  R.  Keene,  R.  A, 
Kerr,  G.  H.  Kimpton,  W.  D.  Kirk,  H.  Klein,  J.  W. 
Koehler,  L.  L'Allier,  G.  Lanctot,  E.  S.  Laurie,  G. 
LeBel,  J.  Lefebvre,  J.  Lefort,  H.  Little,  J.  S.  Loch- 
head,  C.  K.  Lockwood,  F.  R.  Lunn,  M,  J.  Lupton, 
C.  J.  I,ynde,  R.  I.  MeCabe,  A.  D.  McCall,  D.  R. 
McGregor,  I.  N.  Mac  Kay,  A.  A.  B.  McMath,  D.  C. 
Macpherson,  R.  L.  Martin,  G.  A.  R.  Mason,  A.  G. 
Mellor,  L,  Mendelsohn,  A.  Michaud,  L.  Miller,  J.  A. 
Milligan,  R.  W.  Mitchell,  G.  A.  Moore,  H.  K.  Morris, 
T.  J.  Morrison,  G.  A.  Mussen,  M.  Nantel,  A.  D. 
Nesbitt,  J.  T.  Nichols,  J.  T,  North,  A.  E.  Orwell, 
J.  A.  Ouimet,  A.  H.  Pask.  C.  P.  Paton,  W  L. 
Patterson,  H.  A.  Perego,  C.  Perras,  C.  J.  Pimenoff, 
A.  L.  Pistreich,  G.  L.  Plow,  G.  D.  Poole,  F.  R  Pope, 
J.  M.  Pope,  H.  B.  Price,  W.  F.  Purves,  R.  Ransom, 

E.  T.  Renouf,  G.  K.  Reynolds,  J.  M.  Richardson, 
R.  F.  Robillard,  C.  L.  Rogers,  H.  W.  Rosrers,  M. 
Rolbin,  A.  Rose,  O.  K.  Ross.  T.  W.  Ross,  L.  A. 
Rowell,  L.  Roy,  J.  A.  Royer,  G.  F.  St.  Jacques, 
A.  G.  Sangster.  G.  E.  Sarault.  P.  E.  Savage,  P.  M. 
Schear,  M.  Schnyder,  J.  D.  Shortall,  C.  Shorten, 
S.  Sillitoe,  F.  W.  Simons,  O.  H.  Smith,  J.  C  Stadler, 
J.  L.  Starkey,  W.  D.  Stewart,  C.  P.  Sturdee,  J.  N. 
Swartz,  J.  W.  Swift,  G.  E.  Tait,  J.  Tannenhaum. 
Y.  R.  Tasse.  W.  C.  Tatham,  B.  S.  Taylor.  G.  H. 
Thomas,  R.  Thomson,  E.  Thomson,  C.  R.  Timm, 
H.  H.  Tinkler,  C.  Tremblay,  G.  H.  Trenholme, 
L.  Trudel,  V.  S.  Upton.  P.  Vincent,  M.  A.  Vogin, 
N.  H.  Wadge,  K.  B,  Wallace,  R.  N.  Warnock,  E.  E. 
Wheatley,  F.  E.  Winter,  A.  J.  Wise,  H.  G,  Wong, 

F.  C.  Woods.  F.  G.  York.  G.  M.  Young.  A.  B.  Zion; 
Affiliates.  F.  Atkinson.  P.  M.  Chaussee.  R  E 
Claridge.  F.  Hankin,  J.  D.  Johnson,  F.  P  Jones 
S.  F.  Kelly,  J.  D.  King,  J.  Leslie,  P.  W.  MacFarlane, 
W.  H.  C.  Mussen,  E.  H.  Parmelee,  F.  B.  Thompson, 
E.  J.  Verrier,  J.  Winder. 

Rock  Island  (Br.  Non-Res.),  Student,  W.  E.  Soles. 

St.  Hyacinthe  (Br.  Non-Res.),  Associate  Member, 
C.  Chapais. 

St.  Jerome  (Br.  Non-Res.),  Associate  Member, 
A.  Boyer;  Junior,  E.  F.  Marchand. 

St.  Louis  de  Gonzague  (Br.  Non-Res.),  Associate 
Member,  C.  G.  Kingsmill. 

St.  Lambert  (Br.  Res.),  Member,  M.  J.  Rutledge; 
.Associate  AIembers,  F.  A.  Ritchie,  J.  L.  M.  Tait, 
H.  H.  Vroom,  R.  M.  Walker,  J.  Whitelaw;  Juniors, 
V.  Andersen,  E.  M.  Van  Koughnet;  Students, 
M.  P.  Gunning,  J.  R.  Hartney,  H.  G.  Letch;  Affili- 
ate. D.  H.  Parker. 

Sherbrooke  (Br.  Non-Res.).  Members,  G.  D.  Mac- 
Kinnon, J.  T.  Morkill;  Associate  Members.  G.  M 
Dick,  F.  H.  Hibbard,  S.  R.  Newton,  D.  Rhodes 
W.  L.  R.  Stewart,  G.  M.  Sutherland;  Juniors,  E  T. 
Harbert,  F.  E.  Palmer;    Student,  J.  Kazakoff. 

Sorel  (Br.  Non-Res.),  Member,  F.  Bridges;  Associate 
Member,  F.  S.  Jones;  Student,  G.  R.  Milne. 

Terrebonne  (Br.  Res.).  Associate  Member.  J.  P. 
l^iche;  Junior.  A.  Piche. 

Thetford  Mines  (Br.  Non-Res),  Associate  Mem- 
bers, W.  J.  Johnson,  G.  A.  McClintock.  H.  R. 
Lynn. 

Valleyfield  (Br.  Non-Res.).  Associate  Members, 
R.  Belangpr,  L.  McGillis,  A.  W.  Sullivan. 

Victoriaville  (Br.  Non-Res.),  Junior.  J.  A.  E.  Larri- 
vee. 

Vimy  Ridge  Mine  (Br.  Non-Res.).  Associate  Mem- 
ber. A.  D.  Poroheron. 

Waterloo  (Br.  Non-Res.),  Associate  Member,  J.  J. 
Aldred. 

West  Shefford  (Br.  Non-Res.),  Student,  H.  B.  Howe. 
Windsor  (Br.  Non-Res.).  Associate  Member,  N.  A. 
Thompson. 

Windsor  Mills  (Br.  Non-Res.),  Associate  Member. 
H.  L.  Johnston 


St.  Maurice  Valley  Branch 
District 

(The  ('oimlirs  of  Chamjdain,  Nicolel  and 
St.  Mauiirc.) 

(lap  de  la  Madeleine  (Br.  Res),  Associate  Member, 
R.  Morrissettc. 

Grand  Mere  (Br.  Res),  Member,  E.  B.  Wardle; 
.\hsociate  Mkmmers,  W.  B.  ,Scott,  H.  G.  Timmis; 
STt:DENTs,  J.  R.  Johnson,  J.  P.  Villemure. 

Shawinigan  Falls  (Br.  R;\s.),  Me.mker,  H.  De.ssauUes; 
Associate  Membeks.  M.  Eaton,  N.  J.  A.  Vermette, 
H.  J.  Ward,  H.  K.  Wyman;  Juniors,  L.  B.  Stewart, 
L.  B.  Stirling,  R.  B.  Win.sor;  Students,  A.  E.  Curtis, 
A.  S.  Holder.  A.  L.  Hough,  J.  H.  P.  Matheson.  H.  G. 
Ryland.  J.  M.  Sharpe,  J.  Y.  Stanfield,  C.  S.  C. 
Wisdom. 

Three  Rivers  (Br.  Res.).  Members.  F.  X.  T.  Berlin- 
guet,  H.  O.  Keay.  Z.  Lambert;  Associate  Members, 
A.  C.  Abbott,  C.  L.  .4rcancl,  C.  M.  Bang,  J,  E. 
Bonaventure,  Y.  W.  Bradshaw,  C.  H.  Champion, 
J.  E.  Flcurv,  J.  H.  Fregeau,  B.  Grandmont,  J.  A. 
Hamel,  J.  f .  Lakin,  K.  S.  LeBaron,  F.  L.  Mitchell, 
J.  M.  Mitchell,  L.  Sterns,  J.  F.  Wickenden;  Juniors, 
G.  B.  Baxter,  H.  A.  F.  Gregory.  J.  A.  Sevigny, 
C.  H.  Skelton;  Students.' R.  Billette.  A.  G.  Kay. 
P.  N.  McDunnough.  C.  E.  Nix. 

Quebec  Branch  District 

(The  Counties  of  Gaspe,  Bonaventure,  Ma- 
tane,  Rimouski,  Temiscouata,  Kamouraska, 
L' Islet,  Montmacjny,  Bellechasse,  Dorchester, 
Beauce,  Frontenac,  A  ntic.osti,  Lotbiniere,  Levis, 
Clinrlevois,  Montmorency,  Quebec,  Portneuf.) 

Ancienne  Lorette   (Br.   Res.),   Student,   J.   H.  A. 

Laplante. 
Anticosti  Island  (Br.  Non-Res.),  Associate  Member, 

C.  R.  Townsend. 
Beauport    (Br.    Res),    Associate    Member,    F.    B. 

Paiiichaud;  Junior,  L.  P.  Gravel. 
Donnacona    (Br.     Non-Res.),    Associate    Member, 

W.  D.  MacKinnon. 
Etchemin  Bridge  (Br.   Res),  Associate  Member, 

R.   R.  Duffy. 
Hervey  Junction  (Br.  Non-Res.),  Associate  Mem- 
ber, J.  Brooke. 
Isle  Verte  (Br.  Non-Res.),  Associate  Member,  J.  N. 

T.  Bertrand. 
LaTuque     (Br.     Non-Res.),     Associate     Members, 

J.  Asselin,  C.  Luscombe. 
Levis  (Br.  Res),  Associate  Member,  L.  C.  Dupuis. 
Malin  (Br.  Non-Res.).  Student.  A.  M.  S.  Jones. 
Maria    (Br.    Non-Res.),    Associate    Member,    S.    A. 

Desmeules. 
Pointe-au-Pic  (Br.  Non-Res).  Associate  Member, 

H.  Warren. 
Portneuf  (Br.  Non-Res.),  Associate  Member,  C.  A. 

Buchanan. 
Quebec  (Br.  Res.).  Members,  G.  K.  Addie,  H.  Cimon, 

F.  T.  Cole.  A.  R.  Decary,  J.  A.  Duchastel.  A.  O. 
Dufresne.  E.  A.  Evans,  A.  Gratton,  J.  F.  Guay, 
C.  V.  Johnson,  L.  B.  Kingston,  A.  Lariviere,  J.  A. 
Lefebvre.  A.  A.  MacDiarmid.  J.  O.  Martineau, 
J.  O.  Montreuil.  A.  B.  Normandin,  A.  Paradis. 
J.  Ruddick;  Associate  Members.  A.  W.  Ahern. 
X.  Amos.  J.  U.  Archambault.  L.  B.  Beaudry.  J.  L. 
Bizier.  C.  H.  Boisvert,  T.  J.  Boivin,  M.  Boyer, 
W.  S.  Buchanan,  W.  R.  Caron,  G.  H.  Cartwright, 
R.  E.  Gumming,  T.  M.  Dechene,  O.  Desjardins, 
J.  H.  A.  E.  Drolet.  A.  V  Dumas.  P.  A.  Dupuis. 
R.  Dupuis.  L.  E.  Eunis.  R.  H.  Farnsworth.  L. 
Gagnon.  E.  D.  Gray-Donald.  M.  L.  Guimont.  H.  E. 
Huestis.  J.  P.  P.  Joncas.  J.  Joyal,  A.  J.  Kerry, 
T.  J.  F.  King.  Z.  Langlais.  E.  Laurence.  C.  C.  Les- 
sard.  J.  C.  Longstaff,  R.  B.  McDunnough,  P.  Mar- 
cotte,  L.  Martin.  P.  Methe,  C.  Milot,  G.  MoUeur, 
J.  G.  O'Donnell,  J.  O'Halloran,  S.  S.  Oliver,  G.  C. 
Piche.  W.  R.  G.  Ray,  A.  Roberge,  J.  E.  Roy,  A.  G. 
Sabourin,  R.  Sauvage,  R.  J.  L.  Savary,  D.  S.  Scott, 
A.  Smith,  J.  A.  Smith,  A.  Tremblay,  T.  L.  Trem- 
blay, I.  E.  Vallee,  S.  J.  H.  Waller,  R.  Wood; 
Junior,    F.    A.    Price;      Students,    M.    G.   Archer, 

G.  Lemieux,  W.  J.  Manning,  P.  R.  RoUeston. 
J.  Saint-Jacques,  G.  A.  Verge.  J.  Winn;  Affiliate. 
A.  Paradis. 

Rapide  Blanc  (Br.  Non-Res.),  Student,  A.  H.  Watier. 
Rimouski  (Br.  Non-Res.),  .\ssociate  Member,  L.  G. 

Trudeau;  Student,  P.  Warren. 
.St.  Anselme.  Stude.nt.  P.  E.  Cadrin. 
Valcartier   (Br.   Res.),   Associate   Members,   A.   G. 

Ashford.  C.  B.  Bate.  G.  D   O'Connor. 

Saguenay  Branch  District 

(Tlie    Co}inties    of    Snguenny,    Chicoutimi, 

Lake  St.  John.) 

Arvida  (Br.  Res.).  Associate  Members.  A.  I.  Cun- 
ningham. J.  R.  Hango.  A.  C.  Johnston.  F.  L.  Lawton, 
C.  Miller.  R.  H.  Rimmer.  M.  G.  Saunders,  H.  R. 
Wake,  J.  W.  Ward.  A.  W.  Whitaker,  Jr.;  Juniors, 
J.  J.  Fortin,  R.  Lanctot;  Students.  B.  Bauman. 
F.  T.  Boutilier,  F.  Calder,  W.  E.  Cooper. 

Chicoutimi  (Br.  Res.).  Member.  E.  Lavoie;  Associ.\te 
Members.  R.  Belanger,  J.  F.  Grenon.  J.  L.  Delisle. 
R.  E.  Joron.  G.  E.  LaMothe.  H.  B.  Pelletier. 

Dolbeau  (Br.  Res.).  Member.  D.  A.  Evans;  Associate 
Member.  E.  Cowan. 

Kenogami  (Br.  Res.),  Assocute  Members,  A.  Cun- 
ningham, J.  Shanly;  Juniors,  J.  W.  Gathercole. 
W.  P.  C.  LeBoutillier,  J.  R.  B.  Milne.  A.  B.  Sinclair; 
Student,  L.  R.  Beath. 
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Port  Alfred  (Br.  Res.).  Associate  Member,  J.  C.  K. 
Jette. 

Riverbend  (Br.  Res ),  Member,  S.  J.  Fisher;  Asso- 
ciate Members,  G.  H.  Kirby,  G.  F.  Layne,  N.  F. 
McCaghey. 

ZONED 

(The  Maritime  Provinces) 

Moncton  Branch  District 

{The  Counties  of  Albert,  Westmoreland, 
Kent,  Northumberland,  Restigouche,  Glouces- 
ter, and  the  Province  of  Prince  Edward  Island.) 
Campbellton  (Br.  Non-Res),  Stddent,  R.  T,  Sansom, 
Charlottetown,   P.E.I.    (Br.    Non-Res.),    Members, 

W.  E,  Hyudman,  E.  L.  Miles;  Associate  Members, 

E.  S.  Cliandler,  W.  A.  McLaren,  H.  E.  Miller,  A. 

Scott;    Student,  M.  C.  Archibald. 
Chatham  (Br.  Non-Res.),  Stddents,  G.  J.  Hayes, 

R.  F.  Sadler. 
Elgin  (Br.  Non-Res.),  Student,  R.  Goddard. 
Lewisvllle  (Br.  Non-Res.),  Member,  E.  R.  Evans. 
Malpeque.   P.E.I.    (Br.   Non-Res.),   Junior,   E.    K. 

Macnutt. 
Moncton  (Br.  Res.),  Members,  F.  O.  Condon,  R.  H. 

Findlater,    H.    T.    Hazen;    Associate    Members, 

B.  E.  Bayne,  V.  C.  Blackett,  H.  J.  Grudge,  G.  L. 

Dickson,  T.  H.  Dickson,  R.  H.  Emmerson,  J.  R. 

Freeman,  F.  B.  Fripp,  A.  S.  Gunn,  J.  G.  Mackinnon, 

E.  B.  Martin,  J.  Pullar,  C.  S.  G.  Rogers,  G.  E. 
Smith,  H.  B.  Titus,  G.  C.  Torrens;  Junior,  F.  L. 
Black;  Students,  T.  H.  Ayer,  F.  G.  Brown,  N.  B. 
Eagles.  J.  W.  P.  Fogarty. 

North  Tryon,  P.E.I.  (Br.  Non-Res.),  Student,  C.  I. 

Bacon. 
Petitcodiac  (Br.  Non-Res.),  Student,  H.  G.  Hughson. 
Sackville    (Br.    Res.),    Members,    H.    W.    McKiel, 

F.  L.  West;  Junior,  C.  F.  Johns. 

St.  Peter's  Bay,  P.E.I.   (Br.   Non-Res.),  Student, 

J.  G.  Sutherland. 
Vernon,    P.E.I.    (Br.    Non-Res.),    Student,    R.    L. 

Murray. 
West   Bathurst    (Br.    Non-Res),    Student,    R.    R. 

Willis. 

Saint  John  Branch  District 

{The    Counties   of  Saint   John,    Charlotte, 

Kings,    Queens,    Sudbury,     York,    Carleton, 

Victoria,  Madawaska.) 

Apohaqui  (Br.  Non-Res.),  Student,  S.  H.  Harding. 

.\rthurette  (Br.  Non-Res.),  Student,  R.  E.  Tweed- 
dale. 

Bayswater  (Br.  Non-Res.),  Student,  J.  F.  Gibbons. 

Bloomfield  Station  (Br.  Non-Res.),  Student,  R.  A. 
H.  Hayes. 

Coles  Island  (Br.  Non-Res.),  Student,  T.  H.  Fletcher. 

Edmundston  (Br.  Non-Res),  Member,  F.  O.  White; 
Associate  Members,  J.  E.  Cade,  E.  W.  G.  Chap- 
man, W.  A.  Ketchen,  J.  F.  Mackenzie,  H.  A.  Thomp- 
son. 

Fredericton  (Br.  Non-Res.),  Members,  A.  F. 
Baird,  M.  W.  Black,  D.  W  .  Burpee,  J.  Stephens; 
Associate  Members,  A.  R.  Babbitt,  A.  A.  Colter, 
C.  G.  Grant,  G.  M.  MacPhail,  A.  C.  Tabor,  E.  O. 
Turner;  Ju.vors,  B.  H.  Ha?erman,  J.  F.  Lynch, 
W.  E.  Sacly ;  Students,  W.  M.  Benson,  D.  J.  Brewer, 
R.  F.  Davenport,  H.  N.  Goodspeed,  D.  D.  Gorman, 
R.  W.  Gough,  J.  R.  C.  Macredie,  W.  E.  Smith, 
J.  M.  Thomas. 

Grand  Falls  (Br.  Non-Res.),  Student,  L.  W.  Bailey. 

Hillsborough  (Br.  Non-Res.),  Junior,  F.  G.  Thomp- 
son. 

Jeffry  (Br.  Non-Res.),  Student,  F.  E.  Crowe. 

Lower  Millstream  (Br.  Non-Res.),  Student,  R.  J. 
Parlee. 

McAdam  (Br.  Non-Res.),  A.ssoci.ite  Member,  W.  J. 
Pickrell;   Student.  D.  S.  Mills. 

Minto  (Br.  Non-Res.),  Associate  Member,  S.  W. 
Babbitt;  Student,  N.  W.  Brittain. 

Nashwaak  (Br.  Non-Res.).  Student,  R.  W.  Manzer. 

Newcastle  Creek  (Br.  Non-Res.),  Associate  Mem- 
ber, H.  I,   Mulligan;    Student,  W.  L.  Dickson. 

North  Devon  (Br.  Non-Res),  Students,  E.  R.  Bran- 
nen,  D.  E.  Coombes,  J.  M.  MacPherson. 

Norton  (Kr   Non-Res.),  Student.  J.  H.  Huggard. 

Rothesay  (Br.  Res.),  Students,  P.  M.  Blanchet. 
J.  H.  Peters. 

.St.  George  (Br.  Non-Res),  Student,  E.  L.  Toy. 

.Saint  John  (Br.  Res),  Members,  M.  Burpee,  A.  R. 
(Jrookshank,  J.  E.  Freeman,  A.  Gray,  G.  G.  Hare, 

C.  C.  Kirby,  T.  C.  Macnabb,  G.  G.  Murdoch,  G. 
Stead,  F.  P.  Vaughan,  S.  R.  We.ston;  Associate 
Members,  W.  H.  Blake,  V.  S.  Chesnut,  D.  A.  Duffy, 
J.  N.  Flood,  J.  D.  Garey,  G.  N.  Hatfield,  S.  Hogg, 
W.  J.  Johnston,  J.  H.  McKinney,  C.  S.  MacLean, 
T.  Moffat,  J.  P.  Mooney,  H.  F.  Morrisey,  E.  J. 
Owens,  G.  H.  Thurber,  A.  A.  Turnbull,  J.  T.  Turn- 
bull,  G.  A.  Vandcrvoort;    Juniors,  F.  A.  Patriquen. 

D.  O  Turnbull;  Students,  C.  A.  Barbour,  C.  G. 
Clark,  A.  D.  Davis,  G.  M.  Donohoe,  G.  Y.  Dow, 

C.  M.  Hare,  H.  P.  Lingley,  W.  P.  London,  G.  A. 
Mackie,  W.  E.  Petersen,  D.  Ross,  C.  L.  Stevenson, 
L.   R.  Stratton,  W.  D.  Stratton,  C.  A.  Wakeham, 

E.  S.  Waiters,  D.  R.  Webb;  Affiliate,  G.  C. 
McAvity. 

.Sussex    (Br.    Non-Res),     Member,    E.    G.    Evans; 

Students,  H.  G.  M.  (iolpitts.  A,  R.  Bonnell. 
Westfleld  (Br.  Non-Res.),  Affiliate,  J.  R.  White. 
West  Saint  John  (Br.  Res.),  Associate  Membeh. 

D.  G.  Ross;  Students,  D.  C.  Campbell,  L.  G  Lillev, 
G.  G.  Miller. 

Woodstock  (Br.  Non-Res.),  Associate  Member  E.  B. 
Allan 


Halifax  Branch  District 

(The  Counties  of  Hnlifax,  Lunenburg, 
Queens,  Shelbournc,  Yarmouth,  Digby,  Anna- 
polis, Kings,  Hnnls,  ColcheKtrr,  Cuinlterlnnil, 
Pictou.) 

Amherst    (Br.    Non-Res.),    Member,    D.    W.    Robb; 

.Associate  Members,  S.  W.  Crowell,  H.  F.  Donkin, 

J.  F.  F.  Mackenzie,  G.  T.  Medforth. 
Bedford  (Br.  Res),  Member,  H.  W.  L.  Doane. 
Berwick   (Br.   Non-Res),  Students,  W.  G.  Cooke, 

H.  R.  Frizzle. 
Big  Island  (Br.  Non-Res.),  Student,  H.  C.  McGee. 
Bridgewater    (Br.    Non-Res),   Associate   Member 

F.  G.  McPherson. 
Brooklyn  (Br.  Non-Res.),  Student,  J.  D.  Dexter. 
Cariboo    Go'd    Mines    (Br.    Non-Res.),    Associate 

-Member,  J.  Wis;htman. 
Charleston    (Br.    Non-Res.),    Associate    Member. 

H.  A.  Morey. 
Clarke's  Harbour  (Br.   Non-Res.),  Student,  C.   I.. 

Kenney. 
Clyde  River   (Br.    Non-Res.),   -Associate   Member, 

J.  K.  McKay. 
Dartmouth  (Br.  Res.)    Members,  J.  L.  .\llan,  J.  S. 

Misener;  A.ssociate  Members,  G.  W.  Christie,  C.  S. 

Creighton,  R.  L.  Dimsmore,  J.  D.  Fraser,  W.  Rodger, 

C.   Scr.vmgfiour;     Juniors,   G.    L.   Colpitts,   E.    K. 

Lewis,  A.  F.  Pamenter,  F.  L.  Thompson;   Students, 

K.   E.   Bentley,    R.   G.   Shatford.   R.  Thorn,  A.   G. 

Tibbitt.s. 
Fairview  (Br.  Nou-Res.),  Student,  H.  A.  Ripley. 
Falmouth     (Br.     Non-Res.),    Associate     Member, 

C.  W.  McCarthy. 
Halifax  (Br.  Res.),  Members,  S.  Ball,  F.  A.  Bowman, 

J.  G.  W.  Campbell,  W.  P.  Copp,   K.  L.  Dawson, 

F.  W.  W.  Doane,  F.  R.  Faulkner,  C.  A.  D.  Fowler, 
P.  A.  Freeman,  H.  S.  Johnston,  H.  F.  Laurence, 
A.  Mac?  llivrav,  W.  P.  Morrison,  L.  H.  Robinson. 
A.  F.  Stewart,  J.  H.  Winfield,  W.  A.  Winfield, 
C.  H.  Wright:  Associate  AIembers,  C.  A. 
.\nderson,  E.  L.  Baillie,  R.  M.  Barteaux,  J.  E.  Belli- 
veau,  C.  S.  Bennett,  W.  P.  Bickle,  W.  M.  Bristol, 

G.  H.  Burchill,  N.  L.  Cooke,  C.  M.  Crooks,  L.  Cun- 
ningham, A.  C.  M.  Davy,  W.  J.  DeWolfe,  G.  V. 
Douglas,  J.  B.  P.  Dunbar,  M.  Dwyer,  A.  F.  Dyer, 
L.  B.  Feetham,  H.  Fellows,  S.  L.  Fultz,  S.  W. 
Grav,  A.  W.  Gregory,  J.  B.  Hayes.  F.  R.  Henshaw, 
J.  R.  Kaye.  W.  S.  Lawrence,  P.  .\.  Lovett,  D.  H. 
McDonald,  W.  G.  Macdonald,  J.  A.  MacKay,  R.  M. 
McKinnon,C.  A.  MacNearney,  H.  W.  Mahon,  R.  R. 
Murray,  A.  D.  Nickerson,  R.  L.  Nixon,  W.  H. 
Noonan,  T.  W.  W.  Parker,  G.  C.  Reid,  J.  J.  Sears. 

A.  G.  Tupley,  H.  R.  Theakston,  C.  St.  J.  Wilson; 
Juniors,  A.  D.  Foulis,  .A..  C.  Harris,  W.  G.  Muir, 
C.  P.  Roper;  Students,  G.  F.  Bennett,  P.  Colgan, 
P.  B.  Corkum,  G.  J.  Currie,  E.  G.  Dyer,  J.  H.  Dyer, 
F.  X.  Granville,  M.  Harrigan,  K.  R.  Harrington, 
P.  C.  Hamilton,  F.  E.  Hawker,  W.  M.  Hunt,  H.  J. 
Keating,  J.  F.  Knodell.A.  G.  Mahon,  J.  S.  Matheson, 
C.  W.  Powell.  K.  S.  Ritchie,  D.  G.  Tapley,  G.  Walsh, 
W.   A.    K.   Wickwire,  A.   L.   Wood,  W.   D.   Woods, 

B.  H.  Zwicker;    Affiliate,  M.  H.  McMauus. 
Kentville  (Br.  Non-Res.),  Associate  Member,  F.  C. 

Wightman. 

La  Have  (Br.  Non-Res),  Student,  G.  V.  Reinhardt. 

Liverpool  (Br.  Non-Res.),  Member,  C.  H.  L.  Jones; 
Associate  Me.mbers,  J.  H.  M.  Jones,  R.  L.  Sea- 
borne; Junior,  L.  D.  Wickwire. 

Lunenburg  (Br.  Non-Res.),  Student,  O.  B.  Berringer. 

Mahone  Bay  (Br.   Non-Res.),  .Associate  Member, 

F.  E.  Saltman. 

Malagash  (Br.  Non-Res.),  Student,  R.  A.  Lombard. 
Middleton  (Br.  Non-Res.),  Junior,  J.  L.  Wickwire. 
New    Glasgow    (Br.    Non-Res.),    Members,    A.    R. 

Chambers,    G.    D.    Macdougall,   J.    Portas,    R.    B. 

Stewart;    Associate    Member,    J.    W.    MacLeod; 

Students,  G.  M.  Mackie,  A.  H.  McKinnon. 
Oxford  (Br.   Non-Res.),  Associate  Member,  R.  D. 

Thexton;  Student,  G.  V.  Ross. 
Pictou  (Br.  Non-Res.),  Students,  J.  R.  Carson,  J.  B. 

Ferguson. 
River  Hebert  (Br.  Non-Res.),  Student,  R.  R.  Smith. 
St.  Croix  (Br.  Non-Res.),  Student,  G.  D.  Spence. 
Stellarton  (Br.   Non-Res.),  Member,  D.  H.  McDou- 

gall;  Junior,  H.  C.  M.  Gordon;  Student,  D.  C.  V. 

Duff. 
Tiverton  (Br.  Non-Res.),  Student,  H.  W.  Outhouse. 
Truro    (Br.    Non-Res. \    Member,    W.    G.    Yorston; 

Associate  Member.  E.  A.  Crawley;  Junior,  W.  E. 

Weatherbie. 
Upper  Vaughan  (Br.  Non-Res.),  .Associate  Member, 

K.  E.  Whitman. 
Wallace  (Br.  Non-Res.),  Member,  I.  P.  MacNab. 
Walton  (Br.  Non-Res.),  Student,  E.  C.  Parsons. 
Westville  (Br.  Non-Res.),  Associate  Member,  C.  D. 

Sampson;  Student,  W.  C.  Sutherland. 
Weymouth  (Br.  Non-Res.),  Student,  C.  R.  Hamilton. 
Wilmot  (Br.  Non-Res.),  Associate  Member,  C.  L. 

Foss. 
Windsor  (Br.   Non-Res.),   Member,  H.  C.  Burchell; 

Associate  Member,  W.  E.  Hall;    Students,  T.  B. 

.\kin,  H.  N.  Curry. 
Wolfville  (Br   Non-Res.),  Members,  H.  W.  Harkness, 

G.  S.  Stairs;  Associate  Member,  \.  Sutherland; 
Student,  R.  R.  Prescott. 

Yarmouth  (Br.  Non-Res.),  Member,  E.  H.  Morley. 


Cape  Breton  Branch  District 

{Tlie  Counties  of  Gitysborough,  Anligonish, 
Richmond,  Inverness,  Victoria,  Cape  Breton; 
and  Neufoundland.) 

Angle  Brook,  Nfld.  (Br.  Non-Res.),  Student,  O.  L. 

.Smith. 
Antigonish    (Br.    .Non-Res.),    Associate    Member, 

W.  R.  Chisholm;  Junior,  G.  T.  Clarke;  Student, 

C.  S.  Williams. 
Black    Avon    (Br.    Non-Res.),    Associate    Member, 

A.  J.  Macdonald. 

Buchans,  Nfld.  (Br.  Non-Res.),  Junior,  J.  C.  Mews. 
Gape  North    (Br.    Non-Res.),   Associate   Member, 

W.  L.  Ball. 
Corner   Brook,   Nfld.    (Br.    Non-Res.),    Associate 

Members,  A.  H.  Chisholm,  K.  O.  Elderkin;  Juniors, 

C.  Brain,  G.  H.  Carson. 

Deer  Lake,  Nfld.  (Br.  Non-Res.),  Junior,  E.  Hinton. 

Glace  Bay  (Br.  Res),  Member,  A.  L.  Hay;  Associate 
Member,  J.  R.  Morrison;  Junior,  J.  A.  Russell. 

Goldenville  (Br.  Non-Res.),  Student,  D.  B.  Suther- 
land. 

Grand  Falls,  N9d.  (Br.  Non-Res.),  Member,  F.  M. 
Pratt;  Associate  Member,  H.  S.  Windeler;  Junior, 

D.  G.  Elliot. 

Guysboro    (Br.    Non-Res.),   Students,    V.    A.   Jost, 

B.  N.  Jost. 

Mulgrave  (Br.  Non-Res.),  Junior,  D.  A.  Chisholm. 
New   Waterford    (Br.   Non-Res.),   Student,   A.    .\1. 

Miller. 
St.  John's,  Nfld.  (Br.  Non-Res.),  Members,  J.  W. 

Morris,   A.   Vatcher;  Associate  Members,  F.  W. 

Angel,  J.  B.  Baird,  C.  J.  Carey;     Juniors,  G.  A. 

Frecker,    S.    J.    Hayes;      Students,    J.    B.    Angel, 

E.  V.    Burke,    E.    W.    Cheeseman,   C.    J.    Godden, 
W.    C.    H.    Hallev,   J.   J.    Moakler,    S.    R.    Morris. 

C.  W.  Parsons. 

Sydney  (Br.  Res),  Members,  M.  W.  Booth,  W.  E. 
Clarke,  F.  W.  Gray,  K.  H.  Marsh,  T.  L.  .McCall, 
S.  C.  Mifflen,  W.  C.  Risley,  C.  M.  Smyth,  A.  P. 
Theuerkauf;  Associate  Members,  C.  M.  Anson, 
W.  E.  Bown,  I.  W.  Buckley,  M.  F.  Cossitt,  W.  F. 
Dechraan,  H.  S.  Dunn,  J.  A.  MacLeod,  R.  R.  Mof- 
fatt,  S.  G.  Naish,  F.  G.  O'Brien,  W.  S.  Wilson; 
Juniors,  R.  F.  McAlpine,  J.  A.  Russell;  Students, 
G.  C.  Hault,  W.  A.  MacDonald;  Affilute,  M.  R. 
Chappell. 

Sydney  Mines  (Br.  Res.),  Associate  Member,  Y.  C. 
Barrington. 

Wabana,  Nfld.  (Br.  Non-Res.),  Associate  Members, 
C.  B.  .Archibald,  J.  B.  Petrie;   Student,  F.  Rees. 

Great  Britain  and  Ireland 
England  and  Wales 

Beckenham,  Associate  Member,  D.  Kennedy. 

Blackburn,  Member,  W.  H.  Hunt. 

Bristol,  Associate  Member,  F.  H.  Palmer. 

Caernarvon,  .Associate  Member,  J.  Griffith. 

Chatham,  Student,  J.  K.  Flexman. 

Chelmsford,  Student,  A.  Sandilands. 

Chester,  Associate  Member,  A.  Holland. 

Digby,  Student,  A.  C.  Brown. 

Durrington,  Associate  Member,  F.  M.  Mooney. 

Exeter,  Member,  F.  J.  Bellamy. 

Fernhurst,  Student,  O.  Middleton. 

Fleetwood,  Associ.^te  Member,  G.  H.  Brunner. 

Freshford,  Associ.\te  Member,  C.  S.  Millard. 

Gillingham,  Junior,  R.  J.  Cobbold. 

Grantham,  Associate  Member,  C.  A.  Doherty. 

High  Wycombe,  Member,  J.  R.  Cosgrove. 

Hyde,  Junior,  W.  E.  Adlington. 

Isle  of  Sheppey,  Associate  Member,  H.  J.  Heygate. 

Leamington  Spa,  Associate  Member,  B.  Starley. 

Leicester,  Stltdent,  A.  H.  Walker. 

Lincoln,  Associate  Member,  H.  P.  Heywood. 

London,  Honorary  Members,  His  Royal  Highness 
The  Prince  of  Wales,  K.G.,  His  Royal  Highness 
The  Duke  of  Connaught,  His  Grace  The  Duke  of 
Devonshire,  K.G.,  G.C.M.G.,  The  Right  Hon.  The 
Earl  of  Bessborough,  P.C  ,  G.C.M.G.,  Members, 
G.  E.  Bell,  R.  T.  Bell,  A.  Brooks,  W.  Calder,  R.  E. 
Cleaton,  N.  P.  Dalziel,  C.  G.  DuCane,  H.  B. 
Fergusson,  Sir  Alexander  Gibb,  E.  H.  Harrison, 
.Sir  Henry  Japp,  C.  B.  Kingston,  A.  C.  Macdonald, 
J.  J.  Macdonald,  R.  E.  Palmer,  M.  A.  Ravenor. 
A.  J.  T.  Taylor,  D.  Weatherbe;  .Associ.ite  Mem- 
bers, J.  K.  Brooks,  S.  C.  Carver,  H.  W.  Furlong, 
H.  M.  Gibb,  E.  C.  Hague,  J.  W.  Houghton,  H.  C. 
Lott,  D.  S.  MePhail,  H.  M.  Mathews,  O.  Milne, 
J.  B.  Newton,  R.  F.  Palmer,  P.  Simpson;  Junior, 
R.  L.  Franklin;  Students,  H.  R.  Carefoot,  C.  E. 
Hedlev,  J.  E.  Jackson,  M.  P.  Jolley,  P.  P.  Muller, 

F.  S.  Stratton. 

Manchester,  Member,  H.  V.  Haight. 
Northwood,  Associate  Member,  D.  L.  Carr. 
Princes  Risborough,  Member,  C.  J.  Chaplin. 
Ross-on-Wye,  Member,  R.  N.  Blackburn. 
Rustington,  Member,  A.  L.  Mieville. 


THE     ENGINEERING     JOURNAL    {Geographical   List) 


5()<) 


Salterton,  Membkh,  H.  A.  Elgee. 

Stapleford,  Member,  E.  A.  Earl. 

Surblton,  Junior,  C.  W.  Crossland. 

Torpoint,  Associate  Member,  G.  O.  Nancarrow. 

Upton,  Member,  S.  W.  Perrott. 

Wembley,  Associate  Member,  J.  A.  Wilson. 

Woking,  Member,  \V,  G.  Tyrrell. 

Scotland 

Aberdeen,  Honorary  Member,  The  Right  Hon.  The 

Earl  of  Aberdeen.. 
Carnoustie,  Associate  Member,  C.  .\nderson. 
Cumnocli,  Member,  J.  M.  Begg. 
Dundee,  Associate  Member,  G.  H.  Pittaway. 
Dunscore,  Associate  Member,  W.  T.  Wilson. 
Edlnburgli,   Member,  T.   R.  Henderson;  Associate 

Member,  J.  R.  S.  Sutherland. 
Glasgow,  Member,  J.  McGregor;  Associate  Member, 

J.    Shannon. 
Kilmarnock,  Associate  Member,  R.  M.  Herbison. 
Lockerbie,  Associate  Member,  W.  M.  B.  Macdonald. 
Midlothian,  Associate  Member,  G.  Romanes. 
Selkirk,  Associate  Member,  F.  S.  Gumley. 

Ireland 

Bray  Head,  .\ssociate  Member,  N.  F.  Harrison. 

Other  Countries 
Argentina 

Basavilbaso,  Associate  Member,  G.  W.  Coward. 

Australia 

Brisbane,  Member,  LeR.  Wilson. 
Melbourne,  Member,  T.  P.  Strickland. 
Sydney,  Associate  Member,  M.  E.  Tregarthen. 

Barbadoes 

St.  Michael,  Associate  Member,  J.  F.  Layne. 

Belgium 

Linkebeek,  Member,  R.  H.  Parsons. 

Bermuda 

Ireland  Island,  Student,  B.  C.  Sibley. 
Tuckerstown,  Member,  F.  G.  Rounthwaite. 

Brazil 

Rio  de  Janeiro,  Associate  Members,   L.  H.  Arm- 
strong, C.  J.  Oliver. 

British  East  Africa 

Nairobi,  Member,  Brig.-Gen.  Sir  G.  D.  Rhodes. 

British  Guiana 

Georgetown,  Member,  J.  C.  Craig;    Junior,  H.  S. 

Wright. 
McKenzie,    Associate    Member,    C.    P.    Howrigan. 

British  Honduras 

Belize,  Member,  H.  C.  Carter. 

China 

Canton,  Student,  G.  J.  Jue. 
Tientsin,  Member,  H.  F.  Barnes. 

Colombia 

Bermeja,     Associate     Member,     F.    C.    Tempest; 
Junior,  J.  S.  Kyle. 

Czechoslovakia 

Harmanec,  Associate  Member,  T.  W.  Toovey. 

Denmark 

Espergaerde,  Associate  Member,  J.  Nicolaisen. 

Finland 

Helsingfors,  Student,  B.  Heimburger. 

France 

Paris,  Student,  G.  Bertrand. 

St-Laurent    Blangy,     Associate    Member,    D.    C. 
Unwin  Simson. 


Germany 


Freiburg,  Associate  Member,  W.  A.  Miescher. 


India 

Dehra  Dun,  Member,  ly.  N.  Seaman. 

Delhi,  Honorary  Member,  His  Excellency  The  Right 

Hon.  The  Earl  of  Willingdon,  G.C.S.I.,  G.C.M.G., 

G.C.I.E..  G.B.E. 
Dharmsala,  Associate  Member,  L.  S.  Adl.ard. 
Peshawar,  Associate  Member,  W.  M.  Miller. 

Iraq 

Baghdad,  Member,  C.  B.  R.  Macdonald. 

Jamaica 

Ewarton,  Student,  O.  M.  Clarke. 

Kingston,  Student,  H.  T.  Hart. 

Montego,  .\ssociate  Member,  A.  M.  Alberga. 

Malta 

Valletta,  Associate  Member,  A.  F.  Galea. 

Mexico 

MexicoCity,  Members, G. R.G.Conway,  F.  S.  Easton; 

Student,  A.  M.  Johansen. 
Tampico,  Member,  Capt.  W.  A.  Ervine-Grim. 

Newfoundland 

Angle  Brook,  Student,  O.  L.  Smith. 

Buchans,  Junior,  J.  C.  Mews. 

Corner   Brook,   Associate   Members,   A.   H.    Chis- 

holm,   K.  O.  Elderkin;    Juniors,  C.  Brain,  G.  H. 

Carson. 
Deer  Lake,  Junior,  E.  Hinton. 
Grand    Falls,    Member,    F.    M.    Pratt;    Associate 

Member,  H.  S.  Windeler;  Junior,  D.  G.  Elliot. 
St.    John's,    Members,    J.    W.    Morris,   A.    Vatcher; 

Associate   Members,   F.   W.   Angel,  J.   B.   Baird, 

C.  J.  Carey;    Junior.  G.  A.   Frecker;    Students, 

J.  B.  Angel.  E.  B.  Burke,  E.  W.  Cheeseman,  C.  J. 

Godden,  W.   C.    H.    Halloy,   J.   J.    Moakler,    S.    R. 

Morris,  C.  W.  Parsons. 
Wabana,  Associate  Members.  C.  B.  Archibald.  J.  B. 

Petric;     Student,  F.  Rees. 

Norway 

Oslo,  Associate  Member,  O.  S.  Platovi. 

Palestine 

Jerusalem,  Associate  Member.  J.  F.  Rowland. 

Panama 

Colon,  Associate  Member,  G.  R.  Adams. 

Persian  Gulf 

Abadan,  Member,  Lt.-Col.  E.  V.  Collier. 

Peru 

Talara,  Associate  Members,  G.  E.  Kent,  B.  P.  Rap- 
ley;  Students,  R.  V.  Anderson,  L.  E.  Mitchell. 

Philippine  Islands 

Cebu,  Associate  Member,  G.  R.  Ewart. 

South  Africa 

Johannesburg,  Associate  Members,  R.  J.  Fisher,  O. 
J.  Rorvik,  C.  V.  von  Abo. 

Spain 

Barcelona,  Associate  Member,  C.  P.  Mills. 

Switzerland 

Baden,  Associate  Member,  H.  C.  Beck. 
Winterthur,  Junior,  M.  Du  Bois. 

Tasmania 

Launceston,  Assocute  Member,  A.  Eraser. 

Trinidad 

St.  Joseph.  Associate  Members,  L.  R.  Gransaull, 
P.  R.  Gransaull. 

Turkey 

Angora,  Member,  J.  N.  Aggiman. 

Venezuela 

Maracaibo,  Member,  R.  W.  Tassie;  Junior,  M.  G. 
Taylor. 


United  States  of  America 

Alameda,  Cal.,  Associate  Member,  G.  B.  Ashcroft. 
Amherst,  Mass.,  Associate  Member,  C.  A.  Leighton. 
Ampere,  N.  J.,  Member,  F.  F.  Longley. 
Ann  Arbor,  Mich.,  Member,  H.  E.  Riggs. 
Astoria,  N.V.,  Associate  Member,  C.  M.  Barnes. 
Azusa,  Gal.,  Member,  B.  E.  Barnhill. 
Baltimore,  Md.,  Associate  Member,  J.  A.  Walls. 
Bayonne,  N.J.,  Associate  Member,  E.  M.  Benedict. 
Berkeley,  Cal.,   Member,   V.  L.  Havens;  Associate 

Member,  E.  E.   Weibel. 
Berlin,  N.H.,  Member,  M.  Jacobs. 
Black  River,  N.  Y.,  Junior,  W.  V.  Delaney 
Bloomfield,  N.J.,  Member,  M.  H.  Teaze. 
Bloomington,  Ind.,  Associate  Member,  T.  Goby. 
Boston,  Mass.,  Members,  F.  A  Barbour,  H.  P.  Eddy, 

F.  H.  Fay,  R.  S.  Weston;  As.sociate  Members,  J.  P. 
M.Costigan,  G.  A.  Jenkins;  Affiliate,  I.  B.  Crosby. 

Boulder    City,    Nev.,    Associate    Member,    R.    T. 

Cooney,  Jr. 
Brewer,  Me.,  Associate  Member,  F.  D.  Farnsworth. 
Brooklyn,  N.Y.,   Member,   R.  S.  Buck;  Associate 

Member,  B.  L.  Silver. 
Buffalo,   N.Y.,    Member,    N.  R.  Gibson;  Associate 

Members,  J.  D.  Burbank,  H.  D.  Fyfe. 
Cambridge,  Mass.,  Member,  C.  B.  Breed;  Associate 

Member,    W.    1\I.    Fife;     Junior,    R.    D.    McKay; 

Students,  W.  M.  Murray,  G.  A.  Revell,  J.  J.  Rowan. 
Charlotte,   N.C.,    Members,    F.  H.    Cothran,  D.  F. 

Noyes;  Associate  Member,  W.  S.  Lee,  Jr. 
Cheshire,  Conn.,  Member,  E.  J.  Beugler. 
Chicago,  III.,  Members,  F.  D.  Anthony,  L.  F.  Harza, 

R.  M.  Henderson,  E.  C.  Lang,  A.  G.  Moulton,  J.  H. 

Ryckman,  J.  B.  Strauss,  E.  Vinet,  C.  C.  Whittier; 

Associate   Member,   T.   W.   Coxworth;     Juniors, 

G.  F.  Long,  W.  E.  Walsh. 

Chillicothe,  O.,  Junior,  G.  H.  Pringle. 

Cleveland,  O.,   Member,  A.  W.  Sinnamon;  Associ- 
ate Member,  C.  S.  Parke. 

Clifton,  N.J.,  Associate  Member,  L.  J.  Jacobs. 
Creigbton,  Pa.,  Associate  Member,  E.  G.  Maxwell. 
Deferiet,  N.Y.,  Associate  Member,  J.  E.  A.  Warner. 
Detroit,  Mich.,  Member,  F.  C.  McMath;  Associate 

Members,  J.  H.  Bradley,  W.  J.  Campbell,  H.  J. 

Coulter,  A.  McWilliam. 
Detroit  Lakes,  Minn.,  Associate  Member,  H.  W. 

Perkins. 
East  Orange,  N.J.,  Member,  F.  A.  Snyder. 
Eastport.  Me.,  Member,  S.  L.  Kerr. 
Ellsworth,  Me.,  Associate  Member,  H.  N.  Skolfield. 
Flushing,  N.Y.,  Associate  Member,  F.  H.  Taylor; 

Affiliate,  F.  A.  Annett. 
Fort    Worth,    Tex.,    Associate    Member,    R.    E. 

Lembcke. 
Glen  Ferris,  W.Va.,  Associate  Member,  R.  E.  Buck- 
ley. 
Greenwich,  Conn.,  Member,  R.  D.  Mershon. 
Hamilton,  O.,  Member,  J.  H.  Wallace. 
Hampton,  N.H.,  Member,  F.  S.  Darling. 
Hanover,  N.H.,  Member,  S.  E.  Junkins. 
Harrisburg,     Pa.,     .\ssociate     Member,     T.     W. 

McMillen. 
Holyoke,  Mass.,  Member,  J.  L.  Tighe. 
Hoboken,  N.J.,   Associate   Member,   A.    R.    Mac- 

Gowan. 
Hopewell,  Va.,  Associate  Member,  J.  M.  Duncan. 
Houlton,  Me.,  Member,  M.  Burpee. 
Huntington,    W.Va.,    Associate    Members,   H.  C. 

Brown,  J.  L  Corbett, 
Kalamazoo,  Mich.,  Associate  Member,  C.  R.  Gibbs. 
Kansas,  Mo.,  Member,  J.  L.  Harrington;  Associate 

Member,  W.  W.  Crouch. 

Kelso,  Wash.,  Associate  Member,  W.  H.  Richardson. 

Kingsport,  Tenn.,  Associate  Member,  P.  N.  Libby. 

Knoxville,  Tenn.,  Member,  R.  White. 

Lake  Forest,  111.,  Associate  Member,  G.  Rayner. 

Larchmont,  N.Y.,  Member,  R.  L.  Weldon. 

La  Salle,  111.,  Associate  Member,  D.  J.  Hawthorne. 

Lincoln,  Neb.,  Associate  Member,  M.  A.  Roby. 

Little  Rock,  Ark.,  Member,  A.  Allaire. 

Los  Angeles,  Cal.,  Associate  Members,  W.  H.  Barry, 
E.  B.  Rider,  F.  D.  Withrow. 

Madison,  Me.,  Member,  B.  T.  Weston. 

Madison,  Wis.,  Member,  W.  R.  Harris. 

Milwaukee,  Ore.,  Associate  Member,  C.P.  Richards. 

Minneapolis,  Minn.,  Member,  W.  H.  Souba;  Associ- 
ate Member,  C.  A.  Hughes. 

Moss  Point,  Miss.,  Associate  Member,  G.  W.  E. 
Nicholson. 

Mt.  Vernon,  N.Y.,  Member,  J.  A.  DeCew. 

Napa,  Cal.,  Member,  L.  M.  Cox. 

New  Orleans,  La.,  Member,  H.  C.  Abell;  Associate 
Member,  R.  R.  Hepinstall. 
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New  York,  N.Y.,  Members,  B.  A.  Bakhmeteff,  II.  W. 
Buck,  G.  H.  Burgess,  J.  W.  Burke,  G.  W.  Burpee,  W. 
W.  Colpitts,  J.  V.  DaWes,  J.  W.  Doty,  A.  Fellheimer, 
H.  S.  Ferguson,  J.  Forgie,  C.  E.  Fowler,  C.  E.  Fraser, 
G.  L.  Freeman,  J.  F.  Greene,  G.  F.  Hardy,  G.  R. 
Heckle,  N.  J.  Kayser,  R.  Modjeski.  H.  B.  Oatley, 
J.  F.  O'Rourke,  J.  J.  O'Sullivan,  A.  Potter,  D.  B. 
Steinman,  P.  A.  Trost,  J.  A.  L.  Waddell,  W.  L. 
Waters.  G.  L.  Watson,  S  H.  Woodard;  Associate 
Members.  P.  R,  Boese,  L.  Greenberg,  P.  W.  Greene, 
W.  W.  Hay,  R.  A.  Logan,  M.  I,.  D.  McFarlane, 
M  W.  Maxwell,  A.  C.  Penman,  H.  W.  Read,  C.  W. 
Ryan. 

Niagara  Falls,  N.Y.,  Member,  C.  J.  H.  Moritz; 
Associate  Member,  J.  H.  Legg;  Student,  A.  C. 
Knapp. 

Oakland,  Cal.,  Associate  Member,  H.  A.  Calkins. 

Ogden,  Utah,  Associate  Member,  O.  Weeks. 

Ontario,  Cal.,  Member,  J.  A.  Wright. 

Pasadena,  Cal.,  Associate  Member,  J.  D.  Mutkerras. 

Philadelphia,  Pa.,  Members,  C.  W.  Larner,  S.  P. 
Mitchell,  W.  S.  Pardoe,  H.  P.  Rust. 


Pittsburgh,  Pa.,  Members,  M.  W.  Hanson,  J.  W. 

Schreiber,  Associate  Member,  E.  H.  Pacy. 
Portland,  Ore.,  Member,  J.  P.  Newell. 
Port  Washington,  N.Y.,  Associate  Member,  J.  M. 

M.  Groig. 
Providence  R.I.,  Member,  A.  H.  Blanchard. 
Reading,  Pa.,  Member,  W.  N.  Smith. 
Ridgefield,   Conn.,   Associate  Member,  T.  R.  H. 

Murphy. 
Rumford,  Me.,  Member,  H.  J.  Buncke;  Associate 

Member.  P.  E.  Cooper. 
St.  Louis,  Minn.,  Member,  E.  W.  Oliver. 
St.  Paul,  Minn.,  Member,  P.  E.  Thian. 

St.    Petersburg,    Fla.,    Associate    Member,    A.    R. 
Bingham. 

San   Francisco,   Cal.,   .\ssociate   Member,   W.   E. 
Joyce. 

Sarasota,  Fla..  Member,  H.  S.  Taylor. 

Savannah,  Ga.,  Associate  Member,  A.  E.  Drew. 

Schenectady,  N.Y.,  Me.mber,  F.  W.  Caldwell;  Asso- 
ciate Member,  F.  H.  Buller;  Junior,  F.  M.  Roberts. 


Seattle,  Wash.,  Member,  R.  H.  Thomson. 

Strafford,  Pa.,  Member,  E.  H.  Hussey. 

Thompson  Falls,  Mont.,  Member,  R.  S.  Stockton. 

Troy,  N.Y.,  Student,  E.  I.  Wigdor. 

Van  Nuys,  Cal.,  Associate  Member,  L.  G.  Jost. 

Washington,  D.C..  Member,  Sir  Chas.  Ross;  Stu- 
dent, T.  J.  Mullen,  Jr. 

Watertown,  N.Y.,  Member,  L.  K.  Sillcox. 

West  Palm  Beach,  Fla.,  Associate  Member,  E.  M. 
Archibald. 

White  Plains,  N.Y.,  Associate  Member,  R.  AUing- 
ham. 

Wilmington,  Cal.,  A8.sociate  Member,  J.  Hamraers- 

ley-Heenan. 
Winnetka.  111.,  Member,  L.  Pearse. 

Woodbridge,  N.J.,  Associate  Member,  W.  K. 
Thompson. 

Worthing  ton,  Minn.,  Associate  Member,  C.  E. 
Legrie. 

Yonkers.  N.Y.,  Member,  T.  K.  Thomson. 

Youngstown,  O.,  Associate  Member,  K.  Macleod. 


Institute  Committees  for  1935 


FINANCE 

P.  L.  Pratley,  Chairman 
J.  B.  Challies 
A.  Du perron 
F.  Newell 
J.  L.  Busfield 

LIBRARY  AND  HOUSE 

E.  A.  Ryan,  Chairman 
J.  L.  Clarke 

W.  G.  Hunt 
J.  H.  Landry 
H.  W.  Lea 

LEGISLATION 
A.  B.  Crealock,  Chairman 
A.  S.  Gentles 

F.  Newell 

PAPERS 

C.  S.  L.  Hertzberg,  Chairman 

3.3.  Spence 

C.  C.  Kirby 

I.  M.  Fraser 

C.  K.  S.  Macdonnell 
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Modern  Sewage  Treatment 

With  Particular  Reference  to  Conditions  in  the  City  of  Winnipeg 

W.  D.  Hurst,  A.M. E. I.e., 

Assistant  Engineer,  in  charge  of  Waterworks,  City  of  Winnipeg,  Man.,  and 
Secretary,  Board  of  Engineers,  Greater  Winnipeg  Sanitary  District. 

Paper  presented  before  the  Winnipeg  Branch  of  The  Engineering  Institute  of  Canada,  April  18th,  1935. 

SUMMARY. — The  sewage  problem  in  the  city  of  Winnipeg  is  now  being  dealt  with,  and  the  author,  after  outlining  the  existing  conditions  and  the 
possible  means  of  treatment,  describes  the  progress  made  to  date  on  the  construction  of  the  new  secondary  sewers,  interceptor  and  pumping  and  treatment 
plant. 


In  1932  Mr.  S.  W.  Lea,  m.e.i.c,  consulting  engineer,  of 
Montreal,  reported  to  the  city  of  Winnipeg  on  the  problem 
of  sewage  disposal,  and  the  need  of  a  proper  system  of  dis- 
posal is  covered  in  his  first  report,  hence  its  desirability  will 
not  be  discussed  here.  In  this  paper  Greater  Winnipeg 
refers  to  the  cities  of  Winnipeg  and  St.  Boniface,  the  towns 
of  Tuxedo  and  Ti-anscona,  and  the  rural  municipalities  of 
East  and  West  Kildonan,  Fort  Garry,  St.  Vital  and  St. 
James.  Greater  Winnipeg  has  a  population  of  roughly  two 
hundred  and  seventy-five  thousand  inhabitants,  and  the 
sewage  from  this  population  is  discharged  without  treatment 
by  forty-nine  public  outlets  into  the  Assiniboine  and  Red 
rivers.  In  addition  to  this  there  are  a  dozen  private  indus- 
trial outlets. 

Sewage 

Sewage  usually  cons' sts  of  the  spent  water  supply  of  a 
community  containing  solids  of  animal  and  vegetable  origin 
from  the  kitchens  and  bathrooms,  and  in  some  systems  sur- 
face water  from  the  streets,  as  well  as  wastes  from  industrial 
and  commercial  establishments.  The  wastes  from  indus- 
trial establishments  are  usually  considerably  stronger  than 
domestic  sewage,  and  are  more  difficult  to  handle  at  the 
treatment  plant. 

There  are  two  general  systems  in  use  for  the  handling 
of  wastes — 

(1)  The  dry  carriage  system. 

(2)  The  water  carriage  system. 

The  dry  carriage  system  has  largely  disappeared  on 
this  continent  except  in  isolated  dwellings  and  villages. 

The  water  carriage  system  is  sanitary,  and  removes 
household  wastes  quickly  and  economically  to  the  point 
of  disposal. 

Reasons  for  Treatment. 

One  reason  why  sewage  is  treated  is  because  it  may  and 
usually  does  contain  the  germs  of  serious  intestinal  diseases 
such  as  typhoid  fever,  dysentery,  both  amoebic  and  bacill- 
ery,  cholera,  etc.  In  one  miUion  pounds  of  sewage  (100,000 
gallons)  there  is  contained  800  pounds  of  sohds  (dry  weight) 
400  pounds  of  which  is  organic  matter,  and  it  is  this  400 
pounds  of  organic  matter  that  gives  rise  to  the  main  problem 
of  sewage  disposal. 


This  organic  matter  is  eventually  broken  down  by  bac- 
teria and  micro-organisms  into  inert  matter.  When  the 
decomposition  takes  place  in  contact  with  oxygen,  nuis- 
ance is  not  caused,  but  in  the  absence  of  oxygen  putrefac- 
tion is  set  up. 

The  discharge  of  sewage  into  a  body  of  water  may  be 
objectionable  for  two  main  reasons: — 

It  may  constitute  a  menace  to  health  through  bathing, 
and  through  tlie  use  of  ice  and  by  drinking  water  from  the 
polluted  waters.  It  can  also  result  in  the  destruction  of  fish 
hfe. 

It  may  constitute  a  nuisance  for  aesthetic  reasons,  due 
to  the  decomposition  of  the  sewage,  resulting  in  foul  odours 
and  discoloration  of  the  waters,  as  well  as  the  unsightly 
appearance  of  sewage  solids  floating  on  the  surface. 

The  solids  referred  to  above  may  be  classified  as  follows : 

(1)  Floating  solids.  These  solids  are  apt  to  be  strewn 
on  the  shores,  or  be  entangled  in  aquatic  plants  near  shore, 
and  form  a  decomposing  slime  objectionable  to  sight  and 
smell. 

(2)  Settling  solids.  If  the  velocity  of  the  receiving 
stream  is  low  enough  the  heavier  organic  solids  will  settle 
and  form  sludge  banks  which  decompose,  forming  gas  which 
carries  the  rotting  sludge  to  the  surface,  the  process  repeat- 
ing itself  over  and  over. 

(3)  Solids  in  solution.  The  solids  referred  to  above 
represent  less  than  one-half  of  the  organic  matter.  The  re- 
mainder is  in  solution,  and  it  can  neither  be  screened  nor 
settled  out  of  the  sewage,  and  because  of  its  finely  divided 
state  has  proceeded  further  toward  decomposition  than  the 
floating  or  setthng  solids,  and  is  a  heavy  consumer  of  the 
oxygen  held  in  solution  in  the  receiving  body  of  water. 

Oxygen  Content  of  Water. 

The  whole  problem  then  resolves  itself  as  follows: 
If  there  is  sufficient  oxygen  in  solution  in  the  receiving  body 
of  water,  or  if  it  can  be  replenished  fast  enough  by  atmos- 
pheric reaeration,  no  nuisance  wall  result.  The  nuisance 
incidence  is  determined  by  four  factors: — ■ 

Volume  and  character  of  the  sewage  discharged. 

Volume  and  character  of  the  water  available  for  dilu- 
tion. 
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The  velocity  of  the  receiving  body. 

The  temperature  of  the  receiving  body  of  water. 

Now  to  consider  these  factors  as  they  apply  to  the  local 
situation. 

There  are  discharged  from  the  sewers  of  Greater  Wiimi- 
peg  each  day  roughly  eighteen  million  gallons  of  sewage  into 
the  Red  and  Assiniboine  rivers.  The  sewage  from  several 
of  the  outlets  is  in  a  septic  condition  when  it  is  empt  ed  into 
the  rivers,  and  contains  large  quantities  of  industrial  wastes. 

There  has  already  been  much  said  of  the  decreasing 
flow  of  these  rivers,  and  any  determination  as  to  whether  the 
river  or  receiving  body  is  capable  of  handling  the  sewage 
delivered  is  a  complicated  prol)lem,  but  an  approximate 
way  of  getting  at  this  important  factor  is  by  the  so-called 
dilution  ratio.  This  is  expressed  in  terms  of  c.f.s.  per  one 
thousand  of  the  contributing  population.  Modern  practice 
states  that  if  the  flow  of  a  stream  is  less  than  3.5  c.f.s. 
per  one  thousand  persons  discharging  into  it,  a  nuisance 
more  or  less  widespread  is  the  rule  rather  than  the  excep- 
tion. 

Dilution  Ratios  c.f.s.  per  1,000  Population  fob  Various  Months 
FROM  1913  to  Date  for  the  Red  River  at  Louise  Bridge 


Jan. 

Feb. 

Aug. 

Sept. 

Oct. 

Dec. 

1913 

4.8 

3.4 

24.0 

16.4 

12.4 

5.4 

1914 

4.6 

4.4 

9.8 

8.9 

9.7 

4.6 

1915 

4.5 

4.3 

17.2 

10.7 

11.0 

7.8 

1916 

5.0 

4.5 

33.5 

25.8 

20.7 

10.0 

1917 

7.2 

6.1 

9.2 

5.8 

6.5 

4.2 

1918 

1.6 

1.6 

7.2 

6.7 

4.4 

3.9 

1919 

3.4 

3.0 

23.7 

11.2 

9.0 

4.0 

1920 

4.6 

4.9 

11.9 

8.3 

8.5 

6.1 

1921 

4.4 

4.1 

8.9 

9.9 

13.0 

7.8 

1922 

4.5 

3.0 

10.2 

7.8 

6,7 

4.2 

1923 

3.2 

3.1 

19.4 

10.5 

8.9 

6.3 

1924 

2.8 

2.7 

7.0 

5.7 

7.9 

3.2 

1925 

1.9 

1.9 

7.6 

5.9 

7.8 

5.0 

1926 

3.2 

3.3 

4.6 

5.4 

8.7 

4.5 

1927 

3.5 

3.1 

19.8 

15.6 

16.2 

6.3 

1928 

4.9 

4.6 

20.2 

18.0 

13.4 

6.3 

1929 

5.4 

4.8 

3.6 

2.7 

3.4 

2.5 

1930 

1.8 

1.5 

3.5 

2.4 

2.5 

1.8 

1931 

1.6 

1.6 

1.7 

1.6 

1.9 

4.9 

1932 

l.l 

0.9 

1.6 

1.5 

1.9 

1.0 

1933 

0.8 

0.7 

2.0 

1.3 

1.2 

1.1 

1934 

1.0 

1.0 

1.0 

0.8 

1.2 

0.7 

1935 

0.4 

0.6 

This  table  shows  that  during  the  months  of  August,  Sep- 
tember and  October,  from  1913  to  date,  the  dilution  afforded 
by  the  rivers  has  for  sixteen  months  been  less  than  that  re- 
quired to  prevent  nuisance.  Curiously  enough  these  six- 
teen months  are  all  after  1928.  They  also  show  that  during 
the  months  of  December,  January  and  February  from  1913 
to  date,  the  dilution  afforded  by  the  rivers  has  for  thirty-one 
months  been  less  than  that  required  to  prevent  nuisance. 
Sixteen  of  these  thirty-one  months  are  after  1928. 

The  following  criteria  have  been  established  regarding 
the  character  of  the  water  available  for  dilution. 

If  the  free  ammon'a  exceeds  one-half  part  per  million, 
the  receiving  body  is  Hkely  to  cause  nuisance.  Similarly  if 
the  dissolved  oxygen  falls  below  50  per  cent  of  the  satura- 
tion value,  nuisance  can  also  be  expected. 

The  British  Royal  (Commission  on  Sewage  Disposal 
stated  that  if  the  stream  water  could  take  more  than  4 
p. p.m.,  dissolved  oxygen  nuisance  would  likely  be  caused. 
In  this  country  this  is  referred  to  as  bio-chemical  demand, 
abbreviated  b.o.d. 

In  1931  Mr.  Archibald  Blackie,  city  chemist,  made  de- 
terminations of  these  and  other  factors  affecting  the  situa- 
tion and  the  McCrady  Memorandum  tabulated  them. 
These  results  have  been  prepared  in  graph  form  in  order 
that  they  may  be  visualized  more  easily. 

The  third  important  consideration  is  the  velocity  of 
the  receiving  body  of  water.     Velocities  of  the  order  of  0.15 


foot  per  second  will  reduce  by  sedimentation  50  per  cent  of 
the  suspended  solids  of  average  sewage  in  twelve  hours. 
During  the  period  July-September  1931,  the  velocity  of 
the  Assiniboine  river  averaged  0.25  f.p.s.  while  the  Red  aver- 
aged but  0.07  f.p.s.  It  took  thirty-three  hours  to  transport 
the  sewage  from  Aubrey  street  to  the  junction  of  the  Assin- 
iboine and  Red  and  one  hundred  hours  additional  to  carry 
it  to  St.  Johns  Park.  Two  hundred  and  ninety-five  hours 
were  required  to  transport  sewage  from  the  civic  hospitals 
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Fig.  1 — Population  Contributing  Sewage  and  Extent  of  Pollution 
of  Red  River. 

to  St.  Johns  Park.  Hence  one  can  fully  expect  to  have 
somewhere  in  the  vicinity  of  50  per  cent  of  the  suspended 
solids  in  the  sewage  deposited  on  the  river  bottoms  before  it 
gets  out  of  Winnipeg. 

The  temperature  of  the  receiving  body  of  water  governs 
the  speed  of  the  biological  action  of  bacteria  and  other  or- 
ganisms on  the  organic  matter  contained  in  the  sewage.  It 
is  also  a  fact  that  water  is  capable  at  low  temperature  of 
holding  more  oxygen  in  solution  than  at  high  temperatures, 
and  hence  nuisance  is  not  so  readily  set  up  if  the  water  is 
cold.  However  as  the  water  freezes,  the  ice  cover  prevents 
the  water  from  taking  up  oxygen  from  the  air,  and  hence 
putrefaction  starts  again  when  the  oxygen  is  exhausted. 

Dr.  McCrady  has  summed  up  the  local  situation  very 
well.     He  states  in  his  memorandum: 

"The  condition  of  the  rivers  may  be  described  as 
follows: — 

Gross  pollution,  during  the  late  summer,  prolonged  in 
duration  until  the  latter  part  of  the  month  of  October. 

Reduced  pollution,  during  the  period  of  change  from 
summer  to  winter  conditions,  by  reason  of  autumn  rains  and 
falHng  temperatures.  This  stage  was  completed  about  the 
first  week  in  December. 

Increasing  pollution  under  winter  conditions  of  resump- 
tion of  restricted  stream  flow,  and  prevention  of  reaeration 
by  the  ice  cover." 

General  Means  of  Treatment. 

There  are  two  general  methods  of  treatment  where  out- 
lets are  scattered  along  many  miles  of  river  bank : 

(1)  Individual  treatment  plants  at  trunk  sewer  outlets. 

(2)  One  or  more  large  treatment  plants  with  inter- 
cepting sewers  leading  to  them. 

(3)  A  combination  of  these  methods. 

Mr.  Lea  reported  on  this  subject  in  September  1934, 
and  recommended  the  interceptor  and  single  treatment 
plant. 
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The  city  then  is  faced  with  the  design  of  a  proper  inter- 
ceptor.    Here,  too,  there  is  the  choice  of  three  general  types: 
Gravity  interceptor. 
Pressure  interceptor  with  pumping  stations  at  each 


(1) 
(2) 
outlet. 
(3) 


A  combination  of  both  types. 
The  engineers  are  considering  what  scheme  will  be  the 
most  economical  to  build  and  operate  as  well  as  be  the  most 
practical. 
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-Population  Contributing  Sewage  and  Extent  of  Pollution 
of  Assiniboine  River. 
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The  interceptor  according  to  the  present  proposal  starts 
near  Aubrey  street,  picks  up  Ash  street  sewer  discharge  by 
inverted  syphon,  follows  east  on  Wolseley  avenue  to  Furby 
street,  picks  up  Cornish  sewer  discharge, 
1-uns  up  Furby  street  to  Broadway,  runs 
east  on  Broadway,  picks  up  Colony  street 
sewer  discharge,  at  Main  street  picks  up 
sewer  discharges  from  Assiniboine  avenue. 
River  avenue,  Jessie  avenue  and  Marion 
street  sewers. 

The  route  then  follows  Main  street  to 
beyond  the  north  city  limits  of  Winnipeg 
picldng  up  the  discharge  from  the  follow- 
ing sewers: 

Banna tyne,  Robert,  Mission,  Orleans, 
Boyle,  Syndicate,  Selkirk,  St.  John's,  Hart 
avenue  and  Poison  avenue.  The  second- 
aries from  Mission,  Orleans  and  Hart 
avenue  sewers  cross  the  river  by  inverted 
syphons. 

The  depth  of  the  interceptor  at  Aubrey 
street  is  twenty  feet  from  surface  of 
ground  to  invert,  and  at  the  plant  forty- 
eight  feet.  At  this  depth  provision  has  been 
made  for  the  extension  of  the  sewer  west- 
ward into  St.  James  municipality  of  such  a 
size  as  to  amply  take  care  of  the  increase  in 
population.  At  Aubrey  street  the  inter- 
ceptor is  four  feet  diameter,  it  increases 
in  diameter  to  seven  and  a  half  feet  at  the 
treatment  plant. 

It  is  not  proposed  to  extend  this  system  further  south 
than  Jessie  avenue. 

Part  II 

Sewage  treatment  is  in  reality  a  problem  in  classifica- 
tion.    The  following  solids  are  found  in  sewage: 
Class  I     Rags,  skins,  wood,  paper,  hair. 

This  class  can  be  incinerated  or  disposed  of 

without  nuisance  or  odour. 


Class  II  Coal,  sand,  grit  and  other  inert  matter. 
These  cause  no  odour  troubles. 

Class  III  Organic  solids,  consisting  of  fecal  matter,  kit- 
chen wastes  both  of  animal  and  vegetable 
origin,  and  usually  of  small  size. 
This  matter  is  apt  to  cause  nuisance,  and  can- 
not be  detained  long  in  the  vicinity  of  human 
habitation. 

Sewage  practice  may  vary  in  detail  of  application,  but 
the  basic  principles  are  the  same,  and  are  universally  ac- 
cepted. Purification  of  sewage  can  be  correctly  regarded  as 
artificial  adaptation  of  natural  processes.  Modern  treat- 
ment has  been  so  thoroughly  developed  that  if  the  treat- 
ment units  are  properly  selected,  and  the  sequence  is  proper 
any  desired  degree  of  treatment  may  be  obtained. 

This  all  sounds  very  simple,  but  such  is  not  the  case. 
The  degree  of  refinement  to  which  the  process  should  be 
carried  is  a  matter  of  great  importance.  This  usually 
depends  on  the  following  things  among  othei's: 

Danger  to  health  of  persons  using  the  receiving  body. 

The  value  of  the  stream  for  ice  harvesting,  oyster  beds, 
fisheries. 

The  water  supplies  taken  from  the  stream  below  the 
point  of  discharge. 

The  sites  available  for  treatment  plants. 

The  type  of  sewage  and  its  condition. 

The  Provincial  or  State  Board  of  Health  usually  decides 
after  thorough  study  of  the  problem  what  strength  of  efflu- 
ent they  will  permit  to  be  discharged  into  the  receiving  body. 

To  obtain  a  plant  that  will  be  economical  in  first  cost 
and  in  operation,  free  from  operating  troubles,  and  will 
produce  a  thoroughly  satisfactory  effluent  requires  the 
judgment  of  the  specialist  in  sewage  treatment.  This 
branch  of  sanitary  science  is  changing  so  rapidly  from  day  to 
day  that  the  average  engineer  cannot  hope  to  keep  abreast 


Fig.  3 — Proposed  Sewerage  System  for  Greater  Winnipeg  Sanitary  District. 


of  the   changes  in  the  biological,  chemical,  bacterial  and 
mechanical  factors. 

Primary  Treatment 
The  first  piece  of  mechanism  usuaPy  encountered  in  a 
sewage  treatment  plant  IS  the  coarse  bar  screen.  This  consists 
of  bars  usually  placed  from  Yi  inch  to  2  inches  apart,  and  is 
simply  a  barrier  placed  in  the  flow  of  the  sewage  to  intercept 
large  solids.     These  racks  may  be  fixed  or  movable,  and 
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either  cleaned  by  hand  or  mechanically.  The  material 
taken  from  these  screens  may  be  burned  or  hauled  away. 
The  screenings  usually  amount  to  from  1  to  6  cubic  feet  per 
million  gallons. 

Grit  Removal. 

The  next  problem  in  classification  is  the  removal  of 
sand,  grit,  and  other  inert  soUds.  If  the  velocity  of  flow  is 
reduced  sufficiently,  these  solids  will  settle  out.  The  veloc- 
ity usually  adopted  is  one  foot  per  second.     This  will  allow 
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Fig.  4a — Dorr  Siphon  Feed  and  Traction  Drive  Ciarifier.* 


SLUDGE  aXHARU  PIP€ 


INFLUENT  PIPE 


Fig.  4b — Dorr  Siphon  Feed  and  Central  Drive  Ciarifier.* 


the  grit  to  settle,  but  is  not  low  enough  to  cause  the  organic 
matter  to  settle  out.  It  is  only  necessary,  therefore,  to 
widen  out  the  sewer  into  tank  form.  The  length  of  the 
chambers  is  governed  by  the  amount  of  grit  to  be  stored,  but 
is  usually  fixed  by  making  the  detention  period  one  minute. 
Grease  Catchers. 

With  the  advent  of  the  motor  car  more  oil  and  grease 
have  been  discharged  into  municipal  sewers.  The  oil  and 
grease  have  a  bad  effect  on  treatment  processes,  and  there- 
fore should  be  removed.  Tanks  with  skimming  mechanism 
and  provided  with  air  agitation  are  now  widely  used,  and 
solve  the  problem  very  well. 
Detritors. 

The  Dorr  detritor  is  an  ingenious  mechanically  cleaned 
grit  chamber.  The  movement  of  the  grit  is  outward,  and 
ploughs  mounted  on  four  revolving  radial  arms  carry  the 
grit  to  the  inclined  channel  along  one  side  of  the  chamber. 
Here  it  is  picked  up  by  a  reciprocator  which  washes  the  grit, 
and  at  the  same  time  it  is  pushed  up  an  incline  and  out  of  the 
tank.  While  passing  up  the  incline  any  organic  sohds  are 
separated  from  the  grit  and  carried  back  to  the  basin 
through  a  special  opening.  It  is  claimed  that  the  dis- 
charged grit  contains  less  than  5  per  cent  of  organic  matter, 
in  which  state  it  remains  free  from  odour  and  can  be  used  for 
filling  without  risk  of  offence. 
Clarification. 

The  next  step  in  the  process  of  classification  is  the  re- 
moval of  the  settleable  organic  solids  in  the  sewage.     These 


*Courte8y  of  the  Dorr  Company. 


are  the  most  difficult  to  remove  due  to  their  small  size  and 
their  tendency  to  decompose,  and  to  cause  odours.  A  few 
years  ago  one  popular  method  to  remove  these  organic  solids 
was  that  of  fine  screening,  but  this  method  is  rapidly  dis- 
appearing in  favour  of  settling  tanks  which  are  much  more 
effective  and  efficient. 

Fine  Screening. 

Fine  screens  consist  of  perforated  metal  plates  or  wire 
mesh  with  opening  of  3/64  inch  to  3/32  inch,  and  are  practi- 
cally all  of  the  movable  type,  and  are  either  machine  cleaned 
or  self-cleaning.  One  advantage  of  screens  is  the  small 
space  required  for  screening  works,  but  the  most  important 
disadvantage  is  the  character  of  the  screenings.  Objec- 
tionable odours  are  almost  inevitable  if  the  screenings  are  not 
buried  or  incinerated.  Another  method  of  getting  rid  of 
them  is  to  mix  them  with  ripe  sludge,  and  allow  them  to 
digest  in  sludge  digesting  tanks. 

Settling  Basins. 

Better  than  screens  is  a  reduction  of  velocity  causing 
settlement  in  tanks  where  the  organic  solids  may  be  removed 
mechanically  or  by  hand.  The  principle  is  the  same  as  in 
the  grit  chamber,  namely,  an  enlargement  of  the  sewer  into 
tank  form  where  the  bulk  of  the  sohds  which  are  of  a  higher 
specific  gravity  than  water  will  settle.  In  order  to  assist 
the  very  fine  solids  and  those  in  solution  to  settle,  chemicals 
which  form  a  floe  are  sometimes  added.  Before  this  is  re- 
sorted to  careful  study  should  be  given  to  the  whole  prob- 
lem as  there  may  be  more  economical  means  of  attaining 
the  same  end. 

The  settlement  in  the  bottom  of  the  tank  is  called 
sludge  and  is  in  a  form  that  will  decompose  rapidly  unless 
attended  to  and  removed.  The  velocity  of  flow  through 
these  tanks  usually  varies  from  0.15  inch  per  second  to  2 
inches  per  second  and  the  detention  period  varies  from  one- 
half  to  eight  hours,  an  hour  and  a  half  being  common. 

The  continuous  mechanical  removal  of  the  sludge  is 
desirable  from  many  standpoints,  among  them  being  the 
following:  Storage  space  does  not  have  to  be  provided  for 
the  sludge.  It  provides  easy  means  of  returning  a  portion 
of  the  fresh  settled  sludge  to  the  influent. 

Septic  Tanks. 

It  was  learned  years  ago  that  if  the  solids  in  sewage 
were  allowed  to  undergo  natural  decomposition  they  would 
eventually  reach  a  stable  and  inert  state.  The  first  unit 
to  use  this  principle  was  the  septic  tank  developed  by 
Cameron  in  Exeter,  England.  Collection  and  decomposi- 
tion were  carried  out  in  the  same  tank,  sludge  being  re- 
moved only  after  long  periods.  Many  of  the  important 
claims  advanced  in  favour  of  this  system  have  failed  to 
stand  the  test  with  the  result  that  it  is  now  practically 
obsolete. 

The  septic  tank  still  has  its  uses  for  treatment  of  sew- 
age from  institutions,  but  most  boards  of  hedlth  will  not 
permit  its  use  in  municipal  treatment  plants. 

After  the  process  had  been  studied  Travis  in  England 
and  Imhoff  in  Germany  recognized  the  impracticability  of 
carrying  on  two  separate  and  distinct  processes  in  a  single 
storey  tank.  They  developed  tanks  which  provided  an 
upper  compartment  in  which  the  solids  were  removed  by 
settling  and  a  lower  or  digestion  compartment  where  they 
were  allowed  to  undergo  digestion.  These  tanks,  too,  had 
their  faults,  foaming  being  the  principal  operating  fault. 
The  gas  that  is  generated  is  either  collected  in  gas  collectors 
or  discharged  into  the  atmosphere,  the  latter  method  some- 
t'mes  resulting  in  odours  around  the  plant. 

Another  disadvantage  of  the  Imhoff  or  Travis  tanks  is 
the  heavy  cost  of  construction  due  to  their  depth. 

Separate  Sludge  Digestion. 

The  next  logical  step  was  to  arrange  to  have  the  pro- 
cesses of  sedimentation  and  digestion  carried  on  in  separate 
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tanks,  the  process  being  known  as  the  "separate  sludge  di- 
gestion" process.  It  ehminated  the  disturbance  of  quies- 
cent settling  due  to  gas  being  given  off  in  the  lower  compart- 
ment and  allowed  the  operator  to  control  the  contents  of  the 
digestion  unit.  As  it  was  shallow  it  was  of  course,  cheaper 
to  build. 

When  the  separate  sludge  digestion  tanks  were  first 
used  they  had  all  the  faults  of  their  predecessors,  foaming, 
odours,  and  a  small  yield  of  gas  mostly  hydrogen  sulphide. 
However,  they  were  amenable  to  study  and  research,  and  it 
was  soon  discovered  that  bad  conditions  only  existed  when 
acid  conditions  were  prevalent  in  the  tanks.  When  re- 
agents were  added  changing  the  contents  to  an  alkaline 
condition  an  immediate  improvement  was  noted.  No  foam- 
ing, no  odours,  a  large  quantity  of  gas,  and  a  50  per  cent 
reduction  of  organic  matter.  This  gas  contained  75  per 
cent  of  methane  by  volume,  which  is  odourless,  and  had  a 
heat  value  of  650  B.t.u.  per  cubic  foot.  Well-digested 
sludge  is  black,  gritty  and  has  a  tarry  odour.  It  was  found 
that  in  the  cold  winter  months  the  digestion  tanks  became 
merely  storage  tanks  and  very  little  digestion  went  on. 
However,  if  the  tanks  were  art'ficially  heated  normal  con- 
ditions were  resumed.  This,  would  be  expensive  but  for 
the  gas  yield  from  the  digesting  sludge  which  was  more 
than  adequate. 

Temperature  is  a  particularly  important  factor  in  alk- 
aline fermentation.  Gas  production  begins  at  42  degrees  F. 
and  increases  uniformly  up  to  77  degrees  F.  after  which  it 
falls  ofT.  In  well  operated  digestion  tanks  the  ratio  of 
digested  sludge  to  fresh  sludge  is  usually  greater  than  1  to  1. 
It  was  also  found  that  it  was  desirable  to  maintain  contact 
between  the  digesting  solids  and  the  daily  addition  of  fresh 
solids.     For  good  digestion  the  pH  value  should  run  from 
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Fig.  5 — Arrangement  of  Link-Belt  Straight  Line  Sludge 
Collectors.* 

7.0  to  7.6.  One  cubic  foot  per  capita  is  usually  provided 
in  digestion  tank  design  corresponding  to  an  effective  diges- 
tion period  of  two  months. 

A  new  development  in  digestion  tank  design  embodies 
a  two  stage  principle  involving  two  tanks.  The  first  tank 
is  provided  with  high  speed  agitation,  breaking  down  solids 
rapidly,  the  sludge  then  automatically  passing  to  the 
second  tank  where  quiescent  conditions  and  gas  collection 
are  accompHshed.     It  is  claimed  that  90  per  cent  of  the 
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total  possible  gas  is  produced  in  ten  to  twelve  days.  If  this 
is  a  fact  the  tank  sizes  can  be  reduced  and  a  larger  volume  of 
gas  obtained. 

Gas  production  varies  from  0.4  to  0.8  cubic  foot  per 
capita  per  day  and  averages  650  B.t.u.  Many  plants  in 
Europe  use  the  gas  for  supplying  power  for  the  plant  especi- 
ally where  the  cost  of  electric  energy  is  high.  In  most 
American  plants  the  gas  is  used  to  heat  the  digestion  tanks 
and  to  incinerate  screenings  and  sometimes  to  heat  the 
plant.  Where  current  is  cheap  some  plants  sell  the  surplus 
gas  to  the  local  gas  company. 

The  disadvantage  of  this  form  of  digestion  is  the  accu- 
rate and  constant  control  required. 

Secondary  Treatment 
All  the  solids  that  can  be  removed  by  purely  physical 
means  have  now  been  removed.  However,  there  is  still 
left  in  the  sewage  liquid  (the  effluent)  now  leaving  the 
clarifiers,  200  p. p.m.  of  dissolved  organic  solids  that  must 
or  at  least  should  be  removed  before  the  effluent  is  sent  to 
the  receiving  body.  For  this  purpose  oxidation  is  required 
causing  an  irreversible  chemical  change.  Air  must  now 
be  naturally  or  mechanically  supplied  for  the  cultivation 
of  bacteria  that  will  convert  the  organic  matter  into  stable 
inoffensive  compounds. 

Land  Irrigation. 

The  first  method  used  was  the  application  of  the  effluent 
to  land  properly  treated.  The  sewage  was  allowed  to  over- 
flow on  to  the  land  m  thin  films,  the  percolated  sewage  being 
collected  in  shallow  trenches  or  ditches.  It  was  rare  that 
land  could  be  found  that  would  absorb  sewage  without  being 
first  underdrained  at  con.siderable  expense.  Even  then 
prolonged  droughts  caused  the  clayey  soil  to  crack  which 
allowed  the  sewage  to  short  circuit  to  the  drains  without 
material  reduction  of  its  degree  of  pollution.  Hence  sewage 
farming  was  abandoned  due  to  economic,  administrative 
and  sociological  factors. 

Land  Filtration. 

The  next  method  tried  was  to  run  the  sewage  on  to 
sand  beds  through  which  it  percolated  to  underdrains.  An 
acre  of  land  was  required  to  take  care  of  120,000  gallons  a 
day  and  for  large  cities  this  was  quite  impractical. 

Contact  Beds. 

The  next  step  was  the  introduction  of  the  contact  bed 
which  usually  consisted  of  a  concrete  basin  5  to  6  feet  deep 
filled  with  broken  stone.  Sewage  was  then  appHed  filling 
it  nearly  to  the  top  of  the  stones  and  allowed  to  remain  in 
the  basin  for  two  or  three  hours  and  then  released.  A  slimy 
biological  film  formed  on  the  stones  after  the  beds  matured 
destroying  the  organic  matter  in  the  sewage.  This  filter 
was  capable  of  treating  325,000  gallons  per  acre  per  day 
which  made  it  still  out  of  the  question  for  large  cities.  The 
bed  soon  clogged  up  reducing  its  capacity  with  the  result 
that  the  aggregate  had  to  be  removed,  washed,  screened  and 
replaced,  and  the  process  is  now  obsolete. 

Trickling  Filters. 

The  contact  bed  was  replaced  by  the  trickling  filter 
which  cons' sted  of  fixed  'sprinkler  nozzles  or  distributors 
spraying  the  sewage  over  beds  consisting  of  stone  6  to  8  feet 
deep  which  is  underdrained.  This  was  a  great  improve- 
ment over  the  contact  bed  especially  as  300,000  gaUons  per 
acre  per  day  per  foot  depth  could  be  treated.  However, 
this  type  of  treatment  is  still  widely  used  and  results  are 
good,  but  for  larger  cities  the  land  required  was  a  stumbhng 
block. 

Activated  Sludge  Process. 

Development  in  England  of  the  activated  sludge  pro- 
cess by  Ardern  and  Lockett  has  largely  solved  the  problem 
of  secondary  treatment  when  area  is  limited.  The  sewage  is 
aerated  in  tanks  either  by  agitation  by  paddles  or  by  forcing 
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compressed  air  through  it.  The  air  serves  three  purposes, 
first  providing  oxygen  to  maintain  bacterial  conditions  ex- 
isting only  in  its  presence,  secondly  to  cause  the  sludge  so 
activated  to  move  through  the  sewage  maintaining  contact 
between  the  gelatinous  surfaces  of  the  sludge  and  the  putres- 
cible  organic  matter  in  the  sewage  and  thirdly  to  prevent  the 
sludge  depos'ting  and  becoming  septic,  upsetting  the  process. 
As  in  other  biological  processes  two  to  four  weeks  must 
elapse  after  the  tank  is  put  in  operation  to  produce  activated 
sludge  which  is  very  fiocculent  and  has  a  golden  brown  colour. 
Once  the  tank  is  broken  in  the  sludge  will  retain  its  action 
under  favourable  conditions,  sludge  being  withdrawn  daily 
of  which  an  amount  of  20  per  cent  to  25  per  cent  of  the  sew- 
age flow  is  returned  to  the  influent  in  order  that  it  may  be- 
come activated  in  a  short  period.  If  the  sewage  is  properly 
activated  it  will  settle  rapidly  and  to  accomplish  this  sec- 
ondary clarifiers  are  provided.  One  hour's  detention 
usually  suffices. 

One  of  the  chief  difficulties  with  the  activated  sludge 
process  is  the  immense  volume  of  sludge  produced.  As 
activated  sludge  has  a  moisture  content  of  from  98.5  per 
cent  to  99.5  per  cent.  Another  disadvantage  with  the  pro- 
cess is  the  large  volume  of  compressed  air  required  and  the 
cost  thereby  entailed. 

However,  the  results  are  good  and  the  suspended 
matter  in  the  sewage  is  often  reduced  90  to  95  per  cent  by 
the  process  and  the  bacteria  reduced  90  per  cent. 

Thirty  horse  power  are  required  for  furnishing  1.5 
cubic  feet  per  hour  per  gallon  of  sewage  for  the  treatment 
of  1,000,000  gallons  per  day. 

Chemical  Precipitation. 

It  has  been  recognized  for  many  years  that  a  process 
somewhere  between  sedimentation  and  complete  treatment 
was  desirable.  As  was  stated  previously  the  oxidation  pro- 
cesses are  very  delicate  and  not  flexible  and  often  produce  an 
effluent  of  greater  purity  than  necessary  and  at  a  high  cost. 
On  the  other  hand  sedimentation  does  not  do  enough. 
During  the  past  seven  years  intense  study  has  been  given 
to  this  phase  and  there  has  evolved  what  is  known  as  the 
chemical-mechanical  processes.  One  of  the  bgst  known, 
the  Laughlin  process,  was  operated  as  a  pilot  plant  in  Coney 
Island,  N.Y.  and  later  as  a  full  size  plant  built  at  Dearborn, 
Michigan.  The  incoming  sewage  passes  through  screens 
and  then  flows  to  the  mixing  chamber.  Here  is  added  a 
mixture  of  grit,  screenings,  lime  and  waste  paper  and  ferric 
chloride.  This  mixture  is  than  delivered  to  a  clarifier 
equipped  v/ith  a  magnetic  cleaner.  The  effluent  goes  to  the 
river  while  the  sludge  is  sent  to  vacuum  filters  and  then  for 
final  disposal. 

The  clarifiers  are  the  most  interesting  part  of  the  in- 
stallation. In  the  Dearborn  installation  the  tanks  are  60 
feet  in  diameter,  10  feet  deep  at  the  outside  and  12  feet 
deep  at  the  centre. 


Around  the  inside  circumference  of  the  tank  is  a  shelf- 
like arrangement  8  feet  wide.  This  supports  a  coarse  grat- 
ing on  which  is  placed  a  phosphor-bronze  screen  with  1  mm. 
openings. 

On  this  screen  is  placed  3-inch  magnetite  graded  be- 
tween No.  10  and  No.  16  screens.  Sewage  enters  the  tank 
at  the  centre  through  a  7-foot  circular  baffle  wall  and  flows 
radially  outward  to  and  upward  through  the  magnetic 
filter.  It  then  passes  over  weirs  into  an  effluent  channel 
that  completely  surrounds  the  tanks.  The  filter  is  pro- 
vided with  a  bronze  cleaner  case  suspended  from  a  truss  as 
long  as  the  filter  bed  is  wide  and  itself  4  feet  6  inches  in 
width,  the  top  being  just  a  few  inches  above  the  surface  of 
the  liquid.  In  the  bottom  is  a  longitudinal  opening  over 
which  is  mounted  a  long  bronze  solenoid  wound  about  a  ver- 
tical axis.  The  solenoid  is  as  long  as  the  cleaner  case,  about 
18  inches  wide,  and  covers  a  narrow  sector  of  the  filter  bed. 
As  the  cleaner  travels  over  the  surface  of  the  filter  it  is  peri- 
odically energized  by  direct  current  and  when  so  energized 
it  picks  up  violently  a  narrow  sector  of  magnetite.  The 
uprushing  liquid  from  beneath  the  screen  scrubs  and  cleans 
this  magnetite  and  then  overflows  into  the  cleaner  case  into 
a  side  compartment  from  where  it  is  pumped  back  to  the 
centre  of  the  tank.  When  the  solenoid  is  demagnetized 
the  magnetite  drops  and  is  trowelled  down  by  the  cleaner 
case.  The  solenoid  operates  at  16.9  cycles  per  minute  and 
the  cleaner  travels  completely  around  the  filter  in  thirty- 
three  minutes. 

The  following  results  were  obtained  with  this  plant  in 
1932: 

Per  cent  total  solids  removed 63 

Per  cent  suspended  soHds  removed 97.5 

Per  cent  b.o.d.  reduction 87 

Experiments  are  going  on  at  the  present  time  and  the 
results  so  far  are  meagre  but  promising.  Several  cities  are 
considering  chemical  precipitation  and  hope  thereby  to  re- 
duce both  capital  and  operating  costs. 

Sludge  Disposal 

Sludge  disposal  always  has  been  and  still  is  one  of  the 

most  difficult  problems  of  sewage  treatment.     Sludge  before 

drying  is  a  thick,  syrupy  liquid  having  a  moisture  content  of 

from  94  to  98.5  per  cent  depending  on  the  process  producing 

it- 
Primary  treatment  produces  2,000  gallons  per  million 
gallons  of  sewage  and  from  activated  sludge  process  11,000 
gallons  per  million  gallons  of  sewage.  Digestion  will  reduce 
this  by  50  per  cent  but  there  still  remains  a  great  mass  re- 
quiring disposal. 

Wet  sludge  is  still  commonly  run  on  to  specially  pre- 
pared sand  beds  and  air  dried.  In  order  to  reduce  the 
amount  of  land  required  the  sand  beds  are  often  covered 
with  a  greenhouse  structure  which  of  course  raises  the  capi- 
tal cost  considerably. 


Fig.  6 — Dorr  Multidigester  System.    General  view  of  Unit  at  Cedarhurst,  L.I.,  witli  primary  tank 

at  riglit  and  secondary  tank  at  left. 

Courtesy  of  The  Dorr  Company 
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At  the  present  time  probably  the  most  successful 
method  of  dewatering  sludge  is  by  using  the  vacuum  filter. 
Before  reaching  the  filter  the  sludge  must  first  be  condi- 
tioned with  ferric  chloride  or  chlorinated  copperas  as  this 
makes  the  filter  rate  higher  and  thus  reduces  the  cost  of 
filtration. 

Milwaukee  has  produced  a  high  grade  fertilizer  by  heat 
drying  vacuum  filtered  activated  sludge  and  adding  to  it 
other  chemicals,  but  due  to  the  cost  this  has  not  met  with 
favour  elsewhere. 

Ordinary  sludge  is  usually  put  on  barges  and  dumped 
at  sea,  is  used  for  filling  up  low  land  or  is  sometimes  sold 
to'  farmers  as  a  low  grade  fertilizer.  Filtered  sludge  may 
be  incinerated  if  mixed  with  other  fuel  but  incineration  is 
still  in  the  experimental  stage 

A  reference  should  be  made  to  costs  as  this  has  been 
the  bugbear  of  sanitary  engineers.  Some  plants  do  not 
include  capital  charges  in  their  published  costs,  others  do 
not  include  cost  of  pumping  and  some  do  not  include  inter- 
ceptor costs  and  cost  statements  are  therefore  often  mis- 
leading. Certain  cost  data  have  here  been  abstracted  from 
a  recent  article  by  Besselievre  but  as  he  does  not  give 
operating  costs  these  have  been  taken  from  the  author's 
files  to  supplement  the  information.  It  is  believed  to 
le  substantially  accurate.  Perhaps,  too,  it  should  be  men- 
tioned that  the  capital  cost  of  the  treatment  plant  and 
interceptor  for  Greater  Winnipeg  has  been  estimated  as 
follows: 

1.  Interceptor,  pumping  plant,  clarification  plant  for 
200,000  connected  population  and  land  and  adminis- 
tration and  incidentals— $3,250,000.00. 

2.  Interceptor,  pumping  plant,  activated  sludge  treat- 
ment for  200,000  connected  population  and  land 
and  administration  and  incidentals — $4,000,000.00. 

In  closing,  the  following  quotation  from  the  first  report 
of  Mr.  W.  S.  Lea  to  the  City  of  Winnipeg  on  sewage  disposal 
is  of  interest : 

"In  summary  it  may  be  said  that  sewage  treatment 
plants  are  imperative  where  needed  as  a  public  health 
measure.  They  are  of  great  worth  also  as  a  cure  for 
nuisances  in  rivers.  On  the  other  hand  the  community 
which  has  to  resort  to  them,  is  often  left  with  something 
of  a  nuisance  on  its  hands  on  shore.  Moreover,  the  capital 
and  operating  costs  of  sewage  treatment  plants  entail  a 
substantial  annual  expenditure  from  which  there  is  no 
direct  monetary  return.  It  follows,  therefore,  that  the 
minimum  which  will  suffice,  is  the  maximum  which  should 
be  recommended  to  a  community,  which  has  to  operate 
and  pay  for  sewage  treatment  plants." 

Cost  of  Sewage  Treatment 


Operating 

Area 

Per  cent 

Per  cent 

Construction 

Costs 

Treatment  Process 

Req'd. 
per 

Removal 
Suspended 

Removal 
bod 

Costs 
per  m.g. 

Treated 

(Capital 

charges  not 

m.g.d 

.Solids 

5  Day 

(U.S.) 

included) 

1.   Fine  screening.  .  .  . 

H  acre 

16  per  cent 

$20,000 

2.  Sedimentation... 

1  acre 

05 

30  per  cent 

30,000 

$10 

3.  Sedimentation  and 

chemical  precipita- 

90 

80 

40,000 

4.  Sedimentation 

with    trickling    fil- 

ters  

6  acres 

96 

80-90  ■' 

60,000 

$6  to  $12 

5.  Activated  Sludge 

2  acres 

96 

90       •■ 

80,000 

$16  to  $27 

Supplementary  Notes* 

Historical 
During  the  years  1930  and  1931,  the  condition  of  the 
Red  and  Assiniboine  rivers  had  become  exceedingly  bad 
owing  to  extremely  low  Hows  and  increasing  .sewage  pollu- 
tion. Accordingly  in  August  1931,  the  City  ('ouncil  of 
Winnipeg  appointed  a  committee  to  en(]uire  into  the 
necessity  or  otherwise  of  a  sewage  disposal  plant  for  the 
city  of  Winnipeg.  This  committee  recommended  that  Mr. 
W.  S.  Lea,  m.e.i.c,  consulting  engineer  of  Montreal,  be 
asked  to  make  a  report  on  the  situation.  This  recom- 
mendation was  concurred  in,  antl  Mr.  Lea  made  his  report 
in  February  1932.  During  the  interval,  a  sanitary  survey 
of  the  rivers  was  carried  out  by  the  City  Engineer's  Depart- 
ment.    Mr.  Lea  recommended  in  his  report: 

(1)  That  the  sanitary  survey  be  continued  through- 
out the  summer  of  1932. 

(2)  That  the  city  of  Winnipeg  continue  the  investiga- 
tions outlined  in  the  report,  requisite  to  the 
adoption  of  a  practically  complete  scheme  for  its 
future  sewage  treatment  needs. 

(3)  That  the  necessary  lands  be  acquired  for  the 
interceptor  and  treatment  plant. 

No  action  was  taken  on  this  report,  but  Mr.  Lea  was 
retained  to  go  further  into  the  scheme. 

Conditions  grew  worse  during  1932  and  1933,  and  in 
September  1933,  the  Manitoba  government  called  together 
representatives  of  the  municipalities  surrounding  Winnipeg 
for  a  conference  on  sewage  treatment. 

This  inter-municipal  conference  went  on  record  as 
"approving  of  a  scheme  for  the  disposal  of  raw  sewage, 
and  of  providing  for  Winnipeg  and  suburban  area,  a  sewage 
disposal  system." 

The  committee  also  appointed  an  Engineering  Com- 
mittee consisting  of  the  municipal  engineers,  and  engi- 
neering representatives  of  the  Dominion  and  Provincial 
governments.  The  engineers  were  in.structed  to  examine 
the  existing  data  on  the  subject  and  to  prepare  estimates 
of  cost.  This  committee*  together  with  Mr.  W.  S.  Lea 
made  a  very  complete  study  of  the  project  throughout  1933 
and  1934.  In  March  1935,  a  bill  to  create  the  Greater 
Winnipeg  Sanitary  District  was  introduced  in  the  Provin- 
cial Legislature.  The  bill  was  passed  and  came  into  effect 
in  June  1935.  Meanwhile  negotiations  had  been  carried 
on  with  the  Dominion  government  with  a  view  of  giving 
financial  assistance  to  the  project  as  an  Unemployment 
Relief  Measure. 

In  July  1935,  an  agreement  was  signed  by  the  Dominion 
government  and  the  Provincial  government  in  which  the 
Dominion  undertook  to  assist  the  project  financially. 

Following  this,  the  Administration  Board  of  the  Greater 
Winnipeg  Sanitary  District  with  Mayor  John  Queen  of 
Winnipeg  as  chairman,  came  into  being.  This  Board 
appointed  a  Board  of  Engineers  consisting  of  the  engineers 
of  Winnipeg  and  the  municipalities  comprisihg  the  district, 
together  with  engineers  representing  the  Dominion  and 
Provincial  governments.  This  Board  was  charged  with  the 
construction  of  the  sewage  disposal  project.  Mr.  Lea  was 
named  consulting  engineer.  The  personnel  of  this  Board 
is  as  follows: 

W.  P.  Biereton,  m.e.i.c, 

Chairman  and  Chief  Engineer 
R.  W.  McKinnon,  m.e.i.c. 
J.  W.  Battershill 
Chas.  F.  Gray 
W.  D.  Hurst,  A. M.E.I.C, 
Secretary. 


Note: — After  Besselievre  with  exception  of  operating  costs  and 
b.o.d.  per  cent  removal  (authors).  Cost  of  land  and  incineration  of 
screenings    not   included. 


*The  following  notes  are  not  intended  to  constitute  part  of  the 
paper  but  merely  to  indicate  the  progress  which  has  been  made  in  the 
construction  of  the  greater  Winnipeg  intercepting  sewer  and  sewage 
disposal  project. 
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A  technical  staff  was  engaged  and  D.  L.  McLean, 
A.M. E.I.  c,  was  named  assistant  chief  engineer  and  J.  F. 
Muir,  office  engineer.  This  staff  at  the  present  time 
numbers  seventy. 

Gravity  System 

The  first  contract  was  for  one  mile  of  7-foot  6-inch 
circular  monolithic  concrete  sewer  with  a  wall  thickness  of 
12  inches  constructed  in  tunnel.  This  was  awarded  to  the 
Nelson  River  Construction  Company  Limited  of  Winnipeg 
at  a  tender  price  of  $40.00  per  hneal  foot. 

The  second  contract  was  for  approximately  two  miles 
of  7-foot  6-inch  circular  sewer  of  monolithic  concrete  in 
tunnel  and  was  awarded  to  the  Mutual  Contractors  Limited 
of  Winnipeg,  at  a  tender  price  of  $36.00  per  foot. 

The  third  contract  for  1,936  lineal  feet  of  7-foot  6-inch 
circular  sewer,  for  6,936  lineal  feet  of  6-foot  6-inch  circular 
sewer,  and  for  4,146  lineal  feet  of  5-foot  6-inch  circular 
sewer,  all  built  of  monolithic  concrete  in  tunnel,  was 
awarded  to  the  Nelson  River  Construction  Company 
Limited  at  tender  prices  of  $30.00,  $30.50  and  $21.00  per 
lineal  foot  respectively. 

In  addition  to  the  above  the  district  has  awarded  four 
other  contracts  comprising  the  outfall  sewer  from  the  plant, 
and  the  secondary  sewers.  The  approximate  value  of  these 
contracts  is  $130,000. 

Contracts  covering  the  balance  of  the  interceptor  and 
practically  all  of  the  secondary  sewers  are  now  being 
tendered  upon  and  it  is  expected  that  they  will  be  let  by 
December  15th,  1935.  To  date  the  value  of  the  contracts 
awarded  amounts  to  $1,080,000. 

The  Interceptor 
The  route  of  the  interceptor  is  shown  in  Fig.  3  and 
it  will  carry  to  the  main  treatment  plant  the  sewage  from 
twenty  sewer  outlets  now  being  discharged  into  the  Red 
and  Assiniboine  rivers.  This  interceptor  is  designed  to 
carry  245  million  U.S.  g.p.d.  from  an  ultimate  tributary 
population  of  585,000.  This  is  based  on  247.5  U.S.  g.p.c.p.d. 
being  two  and  three-quarter  times  the  average  ultimate  dry 
weather  flow.  The  sewer  was  designed  using  a  value  of 
C  =  110  in  Hazen  and  Williams  formula,  this  value  being 
chosen  because  it  was  not  known  at  the  time  whether 
brick  would  be  a  material  of  construction.  It  will  be 
seen  that  by  "crowding"  the  interceptor  it  can  be  made 
to  carry  considerably  more  sewage. 

Types  of  Construction 
Tenders  were  called  for  on  the  interceptor  using  four 
different  types  of  construction:— 

Type  "A" — Monolithic  alkali-resisting  cement  concrete. 
Type  "B" — Alkali-resisting  cement  concrete  segmental  tile 
jointed  with  alkali-resisting  cement  mortar. 


Type  "C" — Portland  cement  steam  cured  concrete  seg- 
mental tile,  jointed  together  with  alkah-resist- 
ing  cement  mortar. 

Type"D" — Hard  burned  brick  jointed  with  alkali-resist- 
ing cement  mortar. 

It  will  be  noticed  that  three  of  these  types  require 
alkali-resisting  cement.  This  is  the  first  large  scale  con- 
struction job  using  alkali-resisting  cement  as  sold  in 
Canada  by  the  Canada  Cement  Company  Limited  under 
under  the  trade  name  "Kalicrete."  This  cement  was 
specified  owing  to  the  rapid  disintegration  of  Portland 
cement  concrete  in  alkah  soils.  Accelerated  tests  extending 
over  three  years  had  been  carried  out  by  Mr.  Archibald 
Blackie,  f.c.i.c,  consulting  city  chemist,  and  the  alkali- 
resisting  cement  stood  up  exceptionally  well  while  similar 
tests  made  on  Portland  cement  showed  rapid  disintegra- 
tion. The  necessity  for  developing  a  concrete  resistant  to 
alkali  action  was  recognized  in  Western  Canada  about  the 
year  1920  when  a  committee  consisting  of  engineers  and 
chemists  was  appointed  by  The  Engineering  Institute  of 
Canada  to  investigate  the  problem. 

Tunnelling 
Shafts  have  been  put  down  at  intervals  and  progress 
of  work  has  been  rapid. 

Contract  No.  2 — The  average  progress  in  a  typical  week  has 
been  10.0  lineal  feet  per  day  of  three  eight- 
hour  shifts  per  heading  (completed  sewer). 
Contract  No.  3 — The  average  progress  in  a  typical  week  has 
and  No.  4     been  6.33  lineal  feet  per  day  of  two  eight- 
hour  shifts  per  heading  (completed  sewer). 
The  material  that  has  been  encountered  so  far  is  stiff 
blue  clay  having  a  weight  of  approximately  113  pounds 
per  cubic  foot.    Excavation  so  far  has  been  free  from  water 
trouble. 

In  contract  No.  2,  the  earth  is  brought  up  the  shaft 
by  a  hoist  and  bucket.  In  contract  Nos.  3  and  4,  a  dump- 
ing elevator  has  been  used.  It  is  expected  that  these  con- 
tracts will  be  completed  by  March  31st,  1936. 

Treatment  Plant 

Specifications  for  the  treatment  plant  equipment  are 
now  underway.  The  pumping  station  at  the  treatment 
plant  initially  will  be  provided  with  a  capacity  of  87  million 
U.S.  g.p.d.  against  a  60-foot  total  dynamic  head. 

It  is  expected  that  clarifiers  and  sludge  dewatering 
equipment  will  be  provided  in  the  initial  plant. 

The  consulting  engineer  is  making  a  very  complete 
study  of  the  chemical  precipitation  processes  which  have 
gained  great  favour  in  the  United  States  in  the  past  three 
years. 

The  treatment  plant  site  in  Old  Kildonan  has  an  area 
of  61.0  +  acres. 


DISCUSSION 


T.  C.  Main,  a.m.e.i.c.(I) 

Mr.  Main  asked  the  following  questions:— 

As  bacterial  action  practically  ceases  at  38  degrees  F. 
and  as  ice  cover  in  winter  prevents  absorption  of  oxygen 
by  the  river  water,  would  it  not  require  considerably  more 
than  3.5  second  feet  per  1,000  population  to  prevent  serious 
pollution  under  winter  conditions  ? 

Is  not  the  land  irrigation  method  of  sewage  treatment 
quite  unsuitable  for  cold  climates  like  ours? 

About  what  proportion  of  Greater  Winnipeg's  spent 
water  supply  comes  from  wells  ? 

How  do  you  propose  to  take  care  of  storm  water  ? 


(')  Assistant  Engineer,  Water  Supply,  Canadian  National  Rail- 
ways, Winnipeg. 


E.  V.  Caton,  m.e.i.c.(^) 

Mr  Caton  inquired   as  to  whether  the  pollution  at 
Selkirk  was  greater  than  in  the  city  or  whether  the  rivers 
had  started  to  recover  before  reaching  that  point. 
N.  M.  Hall,  m.e.i.c.c^) 

Mr.  Hall  asked  what  should  be  done  in  the  case  of 
very  small  towns  where  the  large  scale  methods  would 
not  likely  be  applicable. 

L.  OSTRANDER(^) 

Mr  Ostrander  inquired  as  to  whether  two  treatment 
plants  and  two  interceptors,  one  serving,  say,  St.  Vital, 

(^)  Manager,  Electric  Utility,  Winnipeg  Electric  Company, 
Winnipeg. 

(')  Professor,  Mechanical  Engineering,  University  of  Manitoba, 
Winnipeg. 

i*)  Assistant  Engineer,  Canadian  National  Railways,  Winnipeg. 
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St.  Boniface  and  Elmwood,  on  the  east  side  of  the  river, 
and  the  other  serving  the  municipalities  on  the  west  side 
of  the  river  had  been  considered. 
George  Cole(*) 

Mr.  Cole  outlined  Dr.  Dorr's  early  work  in  South 
Dakota  and  how  he  had  come  to  develop  the  clarifiers  for 
use  in  the  cyanide  process.  This  work  had  extended  from 
the  mining  field  to  many  others  and  went  to  show  that 
developments  in  one  field  may  be  of  advantage  when 
applied  to  others. 
W.  M.  Scott,  m.b.i.c.(^) 

Mr.  Scott  reviewed  briefly  the  advance  that  had  taken 
place  in  sewage  treatment  over  the  past  twenty-five  years. 
He  thought  that  the  engineer  would  do  well  to  consider 
methods  of  treatment  that  had  been  recently  developed  on 
the  Continent,  especially  Germany. 
D.  L.  McLean,  a.m.e.i.c.(') 

Mr.  McLean  congratulated  the  author  on  his  paper 
and  read  the  following  remarks  submitted  by  Mr.  Aldridge 
by  letter. 
W.  Aldridge(*) 

(By  letter.) 

In  discussing  the  virtues  of  sewage  treatment  for 
Winnipeg  with  a  medical  man,  the  writer  was  asked  if  all 
the  pathological  germs  would  be  destroyed.  What  would 
be  the  right  answer  ? 

At  the  outset  Mr.  Hurst  had  stated  that  the  reason 
why  sewage  is  treated  is  because  it  may  contain  the  germs 
of  disease.  By  this  he  probably  meant  that  the  only  really 
vital  consideration  urging  treatment  should  be  one  of 
health. 

However,  actually  this  is  not  the  case  either  histori- 
cally or  in  practice.  When  the  water  closet  was  introduced 
in  London  a  little  better  than  one  hundred  years  ago  it 
resulted  in  over-charging  of  the  family  cesspool,  which 
the  householder  was  led  to  connect  to  the  street  gutter, 
or  the  closet  itself  was  connected  to  the  gutter.  This 
led  to^covering  the  gutter  or  laying  underground  pipes 
and  so  the  water  carriage  system  was  born.  This  pollution, 
buried  from  sight  under  the  streets,  only  appeared  in  the 
small  rivers  and  streams  into  which  the  pipes  discharged. 
This  water  carriage  idea  led  to  the  presence  of  all  sorts 
of  filth  in  the  rivers.  The  government  issued  numerous 
regulations,  and  a  great  deal  was  done  to  "purify"  the 
sewage.  Germany  followed  England  very  closely.  From 
then  on  a  good  deal  is  read  about  "disinfection  of  sewage." 
SteriUzation,  or  complete  removal  of  bacteria  was  not 
attempted. 

On  examination  of  the  effluents  it  was  found  that  the 
methods  in  use  resulted  in  a  large  reduction  of  organisms 
as  compared  with  the  incoming  sewage.  Hence,  since  dis- 
infection proved  difficult  and  expensive,  attention  was 
given  to  reducing  to  a  minimum  the  pathological  germs 
in  the  effluent,  but  this  was  a  side  issue.  The  results 
attained  were  something  like  this: — 

Sand  filters:  a  reduction  of  99.6  per  cent 

Sprinkling  filters:  a  reduction  of     86.6  per  cent 

Contact  filters:  a  reduction  of        40.0  per  cent 

Only  sand  filters  reached  99  per  cent  under  especially 
expert  operation.  However,  Prescott  &  Winslow  showed 
that  "All  these  processes  produce  a  certain  reduction  in 
bacterial  numbers,  but  the  decrease  is  not  sufficient  to 
be  of  very  great  sanitary  moment.  With  a  material  con- 
taining so  many  bacteria  as  sewage,  a  reduction  of  99  per 
cent  may  be  satisfactory,  but  a  reduction  of  90  per  cent  is 
certainly  not  satisfactory."  Hence,  the  effluent  is  chlori- 
nated and  all  is  assumed  to  be  well.     It  may  be  good  religion 


k 


(')  Director  of  Mines  Branch  Province  of  Manitoba. 
(')  Chairman  of  Commissioners,  Greater  Winnipe  ,  Water  District, 
Winnipeg. 

(')  Assistant  Chief  Engineer,  Greater  Winnipeg  Sanitary  District. 
(•)  Assistant  City  Engineer,  City  of  Winnipeg. 


to  overlook  the  ninety  and  nine  and  worry  about  the  one, 
but  what  about  the  ninety  and  nine?  They  have  gone  into 
the  sludge;  but  are  they  rendered  harmless?  Only  Dr. 
Dunbar  as  far  as  the  writer  knows  mentions  this  point. 
He  found  that  typhoid  bacilli  remained  active  for  thirty- 
three  days  in  septic  tanks,  that  bacilli  in  effluents  spread 
throughout  an  irrigation  farm  area  and  that  the  draining 
from  sludge  beds  acted  similarly.  However,  he  is  satisfied 
to  leave  the  subject  there  as  no  epidemic  has  been  traced 
to  this  source. 

He  states  that,  "A  complete  separation  or  destruction 
of  pathogenic  germs  is  not,  however,  possible  with  any 
of  the  methods  of  purification  which  have  been  success- 
fully adopted  on  a  practical  scale.  Methods  depending 
on  heat  and  chemicals  alone  can  be  effective.  Thermal 
disinfection  can  scarcely  assume  practical  importance  so 
one  is  left  with  chemical  disinfection  and  this  is  not  the 
same  as  chemical  purification.  Chlorine,  as  stated  above, 
is  the  principal  element  used  for  this  purpose  but  it  is 
now  applied  for  many  other  purposes,  as  for  instance: 
controlling  odours,  relieving  pooling  of  filters,  reducing 
oxygen  demand,  correcting  disturbances  in  activated  sludge 
tanks  and  controlling  fly  breeding. 

The  disinfection  factor  has  again  assumed  a  secondary 
place  and  one  must  search  closely  to  find  any  mention  of 
disinfection  or  bacterial  efficiency  in  such  a  book  as  T.  P. 
Francis,  on  "Modern  Sewage  Treatment,"  for  example. 

From  the  practical  side,  as  opposed  to  the  historical 
development,  Kinnicut,  Winslow  and  Pratt,  1919,  state: 
"The  primary  object  of  sewage  purification  is  the  oxidation 
of  organic  matters,  its  conversion  into  a  stable  form,  so 
that  it  will  not  putrefy  and  create  a  nuisance.  This  end 
can  often  be  attained  by  methods  which  do  not  effect  a 
very  notable  reduction  in  the  number  of  bacteria  present." 

And  Metcalf  andEddy,  afterdealingwithallthemethods 
of  purification  covered  by  the  paper  state:  "In  all  the 
processes  of  treatment  previously  outlined,  the  purpose 
has  been  mainly  to  prevent  sewage  causing  a  nuisance.  If 
it  is  desirable  to  reduce  the  danger  of  transmitting  disease 
by  sewage-contaminated  water  to  a  minimum,  the  bacteria 
in  the  effluent  must  be  killed  before  it  is  discharged  into 
the  water.     This  can  be  done  by  disinfection." 

Again,  "In  the  methods  of  sewage  treatment,  pre- 
viously described  a  change  in  the  character  of  the  organic 
matter  originally  present  is  the  main  object  sought,  whereas 
in  disinfection  and  sterilization  the  main  object  is  to  kill 
the  bacteria  in  the  liquids  treated."  But  all  this  applied 
to  effluents. 

What  about  the  ninety  and  nine  not  in  this  effluent  ? 
London  sludge  dumped  into  the  sea  contained  100,000,000 
b.  per  c.  c,  one-half  of  which  was  assumed  to  be  intestinal. 

Drying  beds  are  made  over  porous  ground  or  are  under- 
drained  and  a  large  amount  of  the  water  content  drains 
off  and  travels  long  distances,  and  typhoid  and  dysentery 
germs  will  live  three  months  in  soil. 

Experiments  at  the  Chicago  north  side  plant  reported 
on  last  November  showed  that  B.  Typhosus  persisted  in 
sludge  after  eighty-three  days  and  led  to  the  conclusion 
that  activated  sludge  at  times  may  be  very  infectious. 
Caution  should  be  observed  when  it  is  used  as  a  fertilizer 
for  truck  gardens. 

Fair  and  Wells  in  a  paper  on  "Measurements  of 
Atmospheric  Pollution  by  Sewage  Works"  presented  before 
the  New  Jersey  Sewage  Works  Association  last  fall  stated 
that  "Trickling  filters,  activated  sludge,  pre-aeration  tanks 
and  aerated  skimming  tanks  afford  a  relatively  large 
measure  of  opportunity  for  contamination  of  air  through 
the  medium  of  evaporating  droplets"  and  go  on  to  give 
results  of  tests.     Then  what  about   flies? 

The  ordinary  filter  fly  "psychoda  alternata"  is  a  poor 

weak  body  who  never  ventures  far  away.     But  the  stable 

y,  "stomoxys  calcitrans,"  infested  the  filters  at  Green- 
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ville,  S.C.,  last  July  and  plant  farmers  had  to  cover  their 
mules  three  miles  away  so  as  to  protect  them  from  bites. 
Milk  production  of  cows  fell  off  50  per  cent  and  even 
residents  considered  moving.  All  that  was  necessary 
was  the  proximity  to  the  plant  of  cattle  and  sheep  which 
acted  as  hosts  for  the  breeding.  Of  course  modern  sanitation 
has  reduced  the  chances  of  trouble,  but  when  it  does  come, 
what  ?  The  question  arises,  does  modern  sewage  treatment 
destroy  the  pathogenic  bacteria? 

W.  D.  Hurst,  a.m.e.i.c.C) 

In  reply  to  Mr.  Main's  questions  the  author  stated 
that  experiments  elsewhere  had  indicated  that  considerably 
more  dilution  was  required  when  ice  cover  prevented 
reaeration. 

Land  irrigation  was  undergoing  a  revival  in  Texas 
but  he  believed  it  was  not  suitable  for  conditions  in  Western 
Canada. 

Surveys  indicated  that  about  10  per  cent  of  Greater 
Winnipeg's  water  supply  came  from  wells. 

The  interceptor  would  carry  up  to  2.75  times  the 
average  dry  weather  flow  to  the  treatment  plant  and 
regulators  would  by-pass  the  excess  to  the  river. 

In  answer  to  Mr.  Caton  he  remarked  that  the  sani- 
tary survey  had  not  been  carried  any  further  north 
than  Lockport  as  it  was  carried  out  with  funds  supplied 
by  the  Corporation  of  the  City  of  Winnipeg  and  it  was 
felt  that  a  wider  survey  of  the  rivers  was  a  problem 
that  should  be  handled  by  the  provincial  government. 
However,  as  a  matter  of  information,  the  survey  was 
carried  as  far  south  as  Emerson,  Manitoba,  and  very  bad 
conditions  were  found  to  obtain  there,  indicating  pollu- 
tion from  the  American  side  of  the  boundary.  The  pol- 
lution at  Lockport  was  less  than  that  at  the  Bergen  cut-off 
just  outside  the  city  limits  and  it  was  thought  that  the 
river  was  beginning  to  recover  at  this  point.  It  had  not 
been  deemed  advisable  to  complain  to  the  International 
Joint  Commission  concermng  the  pollution  at  the  boundary 
as  their  obvious  answer  would  be  that  the  city  and  munici- 
palities should  clean  up  their  own  mess  before  complaining 
about  someone  else. 

In  reply  to  Mr.  Hall  he  observed  that  in  the  past 
septic  tank  installations  had  been  installed  but  modern 
practice  considered  that  small  mechanically  cleaned 
sedimentation  tanks  provided  with  digesters  would  serve 
the  purpose  better,  even  though  the  initial  cost  might 
be  higher. 

In  respect  to  Mr.  Ostrander's  inquiry,  two  separate 
plants  had  been  considered  but  estimates  made  showed 
that  a  single  interceptor  and  treatment  plant  with  inverted 
syphons  taking  care  of  the  municipalities  on  the  east 
side  of  the  river  would  be  cheaper. 

Mr.  Aldridge's  comments  force  the  sanitary  engineer 
to  wonder  whether  the  most  important  reason  for  the 
treatment  of  sewage  is  that  of  removing  danger  to  health, 
or  that  of  removing  nuisance  from  the  community  affected. 
A  community  that  is  dumping  raw  sewage  into  a  river  from 
which  another  community  down-stream  takes  its  water 

(•)  Asaifitant  Engineer  in  charge  of  Waterworks,  City  of  Winnipeg. 


supply  is  certainly  creating  a  health  hazard.  If  the  con- 
dition of  the  water  is  such  as  to  overload  a  municipal  filter 
plant  situated  down-stream  the  second  community  may 
well  insist  that  the  first  community  construct  a  sewage 
treatment  plant  and  the  reason  for  its  construction  is 
primarily  a  health  reason.  The  effluent  from  the  plant 
may  be  sterilized  with  chlorine  and  the  waters  reach  the 
second  community  in  a  sterile  state  at  least  as  far  as  the 
first  community  is  responsible  for  their  being  polluted. 

If  there  are  bathing  beaches  down-stream,  the  reason 
for  sewage  treatment  is  again  a  health  reason  or  if  there  are 
valuable  oyster  fisheries  and  ice  harvesting  the  reason  is 
the  same. 

However,  Mr.  Aldridge  suggests  that  the  bacteria 
have  been  removed  from  the  liquid  and  transferred  to  the 
solids,  and  still  the  danger  to  health  remains.  This  may 
well  be  true  and  a  discussion  of  this  feature  appears  in 
the  Sewage  Works  Journal  for  November,  1934,  by  C.  C. 
Ruch-hoft,  Bacteriologist,  The  Sanitary  District  of  Chi- 
cago. He  concludes  that  wet  activated  sludge  cannot 
be  considered  innocuous  and  at  times  may  be  quite  infec- 
tious. He  also  believes  that  caution  should  be  observed 
when  it  is  used  as  a  fertilizer  for  truck  gardens.  However, 
sludge  can  be  entirely  freed  from  bacteria  at  a  price. 
Milwaukee  accomplishes  this  by  vacuum  filtration  of  the 
sludge,  by  heat  drying  it  and  making  commercial  fertilizer. 

Great  progress  is  also  being  made  on  the  incineration 
of  sewage  sludge,  and  two  plants  are  at  present  in  operation, 
one  at  Dearborn,  Michigan,  the  other  at  ChicagO;  Illinois. 

If  the  supplementary  fuel  costs  can  be  sufficiently 
lowered  this  process  is  likely  to  find  widespread  use. 

The  results  on  droplet  infection  from  trickling  filters, 
activated  .sludge  pre-aeration  tanks  and  aerated  skimming 
tanks  are  still  under  study  and  judgment  on  their  danger 
should  be  reserved. 

The  filter  fly  and  the  stable  fly  are  troublesome  when 
the  trickling  filter  process  is  used  and  where  apprehension 
is  felt  concerning  this  danger  other  processes  should  be 
given  study. 

The  medical  man  can  be  safely  told  that  all  the  patho- 
genic germs  in  sewage  can  be  destroyed  —  at  a  price. 
It  is  the  sanitary  specialists'  function  along  with  the 
medical  and  other  allied  professions  to  appraise  the  value 
both  social  and  economic  of  the  complete  removal  of  patho- 
genic organisms  in  sewage. 

Both  health  and  aesthetic  reasons  for  the  treatment 
of  sewage  are  equally  important  where  the  receiving  body 
is  used  for  water  supply,  bathing,  fisheries  and  ice-har- 
vesting. 
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The  Metallurgy  of  Metallic  Arc  Welding  of  Mild  Steel 

C.  R.  Whittemore,  A.M.E.I.C, 
Metallurgist,  Dominion  Bridge  Company,  Montreal. 

Paper  presented  before  the  Junior  Section  of  the  Montreal  Branch  of  The  Engineering  Institute  of  Canada,  March  25th.  1*^33 

SUMMARY. — A  discussion  on  tlie  difficulties  of  welding  mild  steel  is  followed  by  notes  on  the  characteristics  of  the  arc,  the  choice  and  suitability  of 
various  types  of  electrodes  and  the  examination  and  structure  of  the  weld  metal  in  some  actual  welds,  as  shown  by  photomicrographs. 


The  metallurgical  aspects  of  welding  involve  the  con- 
sideration of  the  chemical  and  physical  properties  of  the 
deposited  weld  metal  and  the  effect  of  conditions  of  deposi- 
tion on  the  parts  joined.  The  properties  of  the  welded  joint 
depend  upon  the  proper  selection  of  equipment,  materials 
and  the  control  of  the  process  to  efTect  the  joining  of  the 
parts. 

The  weld  is  composed  of  metal  from  two  sources,  viz., 
metal  from  the  material  being  welded  and  metal  from  the 
electrode.  The  resultant  weld  is,  therefore,  affected  by  the 
parent  metal,  the  electrode  core  and  its  coating  or  covering 
and  to  some  extent  by  the  procedure  followed. 

An  ideal  welded  joint  is  one  in  which  the  properties  of 
the  weld  metal  and  the  base  metal  are  similar  in  chemical 
composition  and  physical  properties.  A  joint  of  this  type 
is  readily  attainable  if  the  structure  demands  it.  Joints 
subjected  to  dynamic  stress,  e.g.,  pressure  vessels,  require 
weld  metal  of  the  highest  quality,  whereas  in  a  structure 
subjected  to  static  loads  only,  the  weld  metal  will  not  require 
the  same  degree  of  ductility  and  resistance  to  impact.  It 
will,  however,  be  necessary  to  develop  full  tensile  strength 
and  a  sound  weld. 

Materials 

In  the  metallic  arc  welding  of  mild  steel  nearly  every 
one  at  some  time  or  other  has  experienced  difficulty  in  its 
welding  and  to  overcome  this  attempts  have  been  made  to 
define  by  specification  the  quality  of  steel  suitable  for 
welding.  To  date,  such  a  specification  has  not  been  evolved 
but  it  is  the  opinion,  based  on  practical  experience,  of  those 
concerned  with  the  choice  of  materials  that  steels  conforming 
to  those  enumerated  under  American  Society  for  Testing 
Materials  Serial  designation  A151-33  are  suitable  for 
fusion  welding  being  mindful  of  the  fact  that  welding  tech- 
nique is  of  fundamental  importance.  This  specification 
lists  some  twenty  separate  A.S.T.M.  specifications  and 
includes  those  for  structural  steel  for  bridges,  buildings, 
ship  plate,  locomotive  boiler  and  firebox  steel,  etc. 

Plate  meeting  these  specifications  will  have  a  tensile 
strength  of  45,000  to  72,000  pounds  per  square  inch  with 
a  carbon  content  of  0.12  to  0.30  per  cent,  depending  on  re- 
quirements and  plate  thickness.  Steels  up  to  0.35  per  cent 
carbon  have  been  welded  with  satisfactory  results  under 
usual  commercial  practice. 

Other  steels  may  be  metallic-arc  welded  with  satis- 
factory results  when  suitable  fluxes  and  filler  metal  are 
used  in  conjunction  with  correct  technique. 

Steels  having  a  carbon  range  of  0.10  to  0.35  per  cent, 
with  a  manganese  content  of  0.30  to  0.60  per  cent,  sulphur 
and  phosphorus  each  0.05  per  cent  maximum  and  made  by 
good,  basic  or  acid  open-hearth  practice,  will  present  no 
difficulty  in  metallic  arc  welding.  Such  steel  will  be  free 
from  detrimental  amounts  and  types  of  non-metallic 
inclusions,  gases  and  segregations.  There  is  no  reason  why 
steels  below  0.10  per  cent  carbon  cannot  be  welded  if  due 
care  has  been  observed  in  the  manufacture  of  the  steel  but 
it  has  been  our  experience  that  steel  under  this  carbon 
content  contains  more  non-metallic  inclusions  and  absorbed 
gases,  than  steel  higher  in  carbon. 

The  surface  condition  of  the  plate  is  also  important 
from  a  welding  viewpoint.    A  plate  with  a  heavy  red  oxide 


scale  is  not  as  satisfactory  as  one  with  a  light  blue  scale,  as 
the  heavy  red  scale  offers  more  resistance  to  the  arc. 

The  effect  of  segregation  or  lamination  in  plate  on  the 
deposited  weld  metal  is  shown  in  Fig.  1  (lower  half).  Note 
the  small  hole  at  the  line  of  fusion  where  sulphur  segrega- 
tion is  shown  by  the  dark  lines. 

Electrodes 
A  metallic  arc  welding  electrode  is  a  metal  wire  of 
definite  diameter,  length  and  suitable  composition  used  as  a 
terminal  in  an  electric  circuit  to  produce  an  arc  through 
which  the  filler  material  (the  electrode)  is  carried  in  the 
molten  state  and  fused  between  the  parts  to  be  joined. 
In  metallic  arc  welding  it  is  necessary  that  the  surface  of 
the  electrode  be  coated  or  heavily  covered  with  suitable 
metal  fluxing  materials  for  the  purpose  of  stabilizing  the 
arc  and  protecting  the  metal  from  atmospheric  contamina- 
tion during  transfer  and  upon  deposition. 

Theories  of  Metal  Transfer 

Whether  the  deposited  metal  passes  through  the  arc 
as  vapour,  mist  or  globules,  has  long  been  under  discussion, 
as  has  also  the  driving  force. 

One  of  the  first  theories  advanced  was  that  the  metal 
was  transferred  as  vapour  which  formed  at  the  tip  of  the 
electrode  and  condensed  in  the  crater  of  the  work.  Others 
have  pointed  out  that  this  may  be  only  partially  true  since 
a  large  amount  of  energy  would  be  necessary  to  vaporize 
the  metal,  and  it  was  concluded  that  the  larger  part  of  the 
metal  must  be  transferred  as  mist  or  globules  of  molten 
metal.    This  has  been  found  to  be  the  case. 

As  to  the  method  of  transfer,  some  have  attributed  the 
driving  force  to  the  evolution  of  gas  within  the  melting  tip, 
which  carried  particles  of  metal  with  it;  others  to  the  forces 
of  adhesion  and  surface  tension  between  the  molten  metal 
on  the  tip  and  that  in  the  crater. 

A  comparatively  new  theory  as  applied  to  electric 
welding  is  the  "pinch  effect"  which  accounts  for  the  force 
necessary  to  separate  the  globules.     The  "pinch  effect"  is 


Fig.  1 


-The  effect  of  Segregation  or  Lamination  in  Plate  on  the 
Deposited  Weld  Metal. 


the  local  contraction  of  the  cross-section  of  a  liquid  resistor 
through  which  electric  current  is  passing  and  in  which  heat 
is  being  generated.  In  an  open  path  this  contraction  results 
in  complete  rupture.  This  contraction  is  caused  by  an 
electromagnetic  force  that  acts  from  the  circumference  to 
the  centre  of  the  conductor  and  in  a  direction  perpendicular 
to  the  axis.  The  ejecting  force  increases  as  the  square  of 
the  current  and  diminishes  with  an  increase  in  the  cross- 
section  of  the  conductor.    In  the  filament  formed,  as  the 
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Effect  of  Arc  Voltage  on  Chemical  Composition  of  Weld  Metal 
Ref.  F.  R.  Hensel  and  E.  I.  Larsen,  Westinghouse 

Ts"  Bare  Electrode — 190  Amps. 


Arc  Voltage 

C 

Mn 

P 

s 

Si 

N2 

13  volts 

.02 

.25 

.010 

.023 

.014 

.114 

18  volts 

.01 

.11 

.013 

.025 

.003 

.121 

24  volts 

.03 

.03 

.010 

.012 

.006 

.126 

30  volts 

.03 

.05 

.014 

.020 

.005 

.135 

Fig.  2. 

globule  is  about  to  be  separated,  there  is  a  tremendous 
current  density  producing  a  high  pressure  of  vaporized 
and  ionized  metal  which  propels  the  globule. 

It  seems  that  all  the  above  factors  combine  to  effect 
the  deposition  of  metal.  To  weld  in  the  vertica,!  and  over- 
head positions  it  would  appear  that  the  explosive  force  of 
the  gas  formed  and  the  "pinch  effect"  are  necessary  to  over- 
come the  force  of  gravity. 

Arc  Voltage 

The  voltage  drop  across  the  arc  is  influenced  by  the 
arc  length  and  by  the  resistance  of  the  incandescent  vapour 
forming  the  arc.  The  arc  voltage,  which  is  a  function  of  the 
arc  length,  is  one  of  the  major  variables  influencing  the 
deposited  metal.  The  effect  of  arc  length  on  the  chemical 
composition  of  weld  metal  deposited  by  a  3/16-inch  dia- 
meter "bare"  (sull-coat)  electrode  is  shown  by  Fig.  2. 

Figure  3  shows  the  effect  of  arc  voltage  on  the  nitrogen 
content  and  ultimate  strength  of  weld  metal  deposited  by  a 
3/16-inch  diameter  "bare"  electrode. 

Arc  Stability 

The  significance  of  arc  stability  may  be  summarized  as 
follows: 
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Fig.  3. — Effect  of  Arc'Voltage  on  Nitrogen  Content  and  Ultimate 
Strength  of  Weld  Metal. 

(1)  Ease  of  operation. 

(2)  A  regular  flow  of  small  particles  across  the 
arc. 

(3)  A  shorter  arc  resulting  in  a  sounder  weld  (less 
slag  inclusion,  less  porosity  and  less  contam- 
ination from  oxide  and  nitride). 

(4)  Less  loss  of  metal  from  sputtering. 


Arc  Current  and  Electrode  Size 

It  is  difficult  to  give  definite  figures  covering  current, 
speed,  etc.,  on  account  of  the  conditions  under  which  the 
work  is  done,  the  character  of  the  work  and  skill  of  the 
operator. 

The  following  tables  give  the  current  range,  consistent 
with  good  results,  for  "bare"  and  lightly  coated  metallic 
electrodes  and  for  heavily  covered  electrodes  for  downhand 
welding  of  mild  steel. 

Current  and  Arc  Voltage — Heavily  Covered  Electrodes 


Electrode 
Diameter 

All  Mineral  Coating 

Braided  Type 

Mineral  and  Cellulosic 
Compound 

in  Inches 

Amperes 

Arc  Voltage 

Amperes 

Arc  Voltage 

Amperes 

Arc  Voltage 

A 

H 

125-160 
160-240 
240-375 
375-500 
500-650 

25-28 
25-28 
28-32 
28-32 
30-33 

150-180 
180  225 
22.5-300 
300-400 
400-500 

30-35 
33-38 
35-40 
3842 
38-42 

110-170 
150-200 
225-275 
325-375 
425-475 

21-25 
30-34 
33-37 
36-40 
43-47 

Bare  and  Lightly  Coated  Electrodes 


Electrode 
Diameter 
in  Inches 

Amperes 

Hand 

Welding 

Arc 
Voltage 

Amperes 
Automatic 

120-150 
150-175 
160-220 
200-275 

15-17 
17-19 
19-22 
19-22 

130-175 
175-225 
225-275 
275-325 

Fig.  4. 

It  will  be  noted  that  a  higher  arc  voltage  is  required 
for  heavily  covered  electrodes.  This  is  due,  in  part,  to  the 
gas  around  the  arc  and  partly  to  the  actual  increase  in  arc 
length  which  is  necessary  to  keep  the  coating  from  touching 
the  metal  pool  and  causing  porosity. 

Polarity 

In  general,  heavily  coated  electrodes  are  connected  to 
the  positive  pole,  and  the  work  to  the  negative  pole,  usually 
referred  to  as  "reversed  polarity."  Bare  wire  or  lightly 
coated  electrodes  are  connected  to  the  negative  pole  and  the 
work  to  the  positive  pole,  "straight  polarity." 

Factors  Governing  the  Performance  of  Mild  Steel  Electrodes 

It  was  previously  stated  that  the  deposition  of  elec- 
trode metal  takes  place  in  the  form  of  drops.  Investigators 
have  also  shown  that  satisfactory  electrode  performance  is 
conditioned  upon  the  regularity  of  the  drops.  During  the 
brief  existence  of  each  drop  two  periods  may  be  noted, 
namely,  the  formation  period  and  the  transfer  or  short 
circuit  period. 

The  difference  in  performance  of  two  electrodes  of  the 
same  diameter  and  surface  finish,  but  of  different  composi- 
tion, is  found  in  the  relationship  of  the  formation  and 
transfer  periods.  The  relationship  is  a  function  of  the 
volume,  temperature  and  surface  tension  of  the  individual 
drops. 

The  ability  of  the  electrode  to  perform  depends  upon 
the  following  factors: — 

(a)  Chemical  composition. 

(b)  Freedom  from  impurities. 

(c)  Grain  structure. 

(d)  Surface  finish. 

Electrode  Coatings 

As  previously  stated  it  is  very  essential  that  all  metallic 
electrodes  have  some  type  of  coating  or  covering  in  order 
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to  obtain  stabilization  of  the  arc  for  protection  of  the  arc 
stream  from  the  atmosphere. 

Electrode  coatings  may  be  conveniently  divided  into 
four  types  according  to  their  respective  thicknesses. 

(a)    Surface  finish — so-called  "bare"  electrode. 

(6)    Light  coatings  (dipped)  .001  inch  to  .02  inch. 

(c)  Medium  coatings  (dipped  and  extruded)  .025 
inch  to  .035  inch. 

(d)  Heavy    coverings     (extruded,    wrapped,     or 
braided)  .035  inch  to  .060  inch. 


The  above  thickness  values,  for  any  one  type,  vary 
with  the  diameter  of  the  core  wire  and  to  some  extent  with 
the  composition  of  the  coating  or  covering  and  the  applica- 
tion of  the  electrode. 

Effect  of  Electrode  Coatings  and  Coverings  on  the  Chemical 
and  Physical  Properties  of  Deposited  Metal 

During  the  melting  of  an  electrode,  it  was  pointed  out 
that  the  metal  crossing  the  arc  was  in  a  finely  divided  form 


Mild  Steel  Welding  Wire  and  Weld 

Metal  Analysis 

C 

Mn 

Si 

S 

P 

o» 

Nj 

1.  Electrode 

(Base  Rod.) . . . 

0.11 

0.45 

03 

.04 

.03 

Nil. 

Nil. 

2.  BaseRod 

.13-.18 

.40-.60 

.06  max. 

.04 

.04 

Nil. 

Nil. 

1.  Deposit 

(Bare) 

0.03 

0.04 

.005 

.03 

.02 

0.20 

0.13 

2.  Deposit 

(Bare) 

.03-.08 

.10-.20 

.03.05 

.04 

.04 

.20-.30 

.10-.  14 

Deposit 

(Covered) 

.08-.17 

.30-.50 

.10-.15 

.04 

.04 

.025-.04 

.014-.02 

Boiler  Plate... 

.15-.20 

.35-.60 

.05 

.04 



.009 

Fig.  5. 
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Fig.  7 — Influence  of  Oxygen  on  the  Strength  Properties  of  Steel. 

and  at  an  extremely  high  temperature  (3,700  degrees  C). 
In  this  condition  the  metal  undergoes  considerable  chemical 
change,  first,  through  volatilization  and  oxidation  of  some 
of  the  constituent  elements  of  the  steel  core;  second,  the 
properties  of  the  deposited  metal  are  affected  by  the 
introduction  of  atmospheric  gases  in  combination  with 
elements  of  the  former  and  also  in  solid  solution. 

The  degree  to  which  chemical  and  physical  changes 
occur  will  vary  with  the  type  and  efficiency  of  the  coating 
or  covering. 

Typical  analyses  of  deposits  made  with  the  so-called 
"bare"  electrode  and  covered  electrode  will  demonstrate  the 
advantage  attached  to  adequate  protection. 

The  bare  electrode  weld  metal  is  low  in  carbon,  man- 
\  ganese  and  silicon  due  to  oxidation  and  volatilization  of 

,;  these  elements. 

^  The    contaminating   influence   of   the    atmosphere   is 

Fig.  6.  indicated  by  the  high  oxygen  and  nitrogen  contents.    The 

Characteristics  of  Weld  Metal  Deposited  by  Protected  and  Unprotected  Arc 


Electrode  Type 


Yield 
lbs.  per  sq.  in. 


Tensile 
lbs.  per  sq.  in. 


Elong. 
2  in.-per  cent 


Rof  A. 


Impact 
Charpy 
ft.  lbs. 


Fatigue 


Density 


Corr. 
Res. 


Boiler  plate 

1.  Mineral  coating  and  cellulosic  material 
not  stress  relieved 

2.  Mineral   coating    and    braiding,    not 

stress  relieved 

Stress  relieved  at  1,200  degrees  F 

3.  Mineral  coating  and  reducing  and  gas 
forming  materials 

4.  All-Mineral  coating 

5.  All-Mineral  coating 

A.  Bare  or  lightly  coated.  (Unprotected) 

B.  do. 

B.  do. 

C.  do. 

D.  do. 


27,500-32,500 


50,500-60,300 
50,800-56,600 

54,850-62,500 
50,000-53,000 
50,000-55,000 


28,000-32,000 
42,000-45,000 


55,000-65,000 
65,000-75,000 


67,400-71,300 
65,400-66,700 

61,250-67,900 
65,000-70,000 
65,000-85,000 
45,000-65,000 

59,324 

62,872 

45.000-55,000 

60,700-54,850 


24 
20-30 


24.5-30.0 
29.5-34.5 

27.0-32.5 

30-35 

20.0-35.0 

5-8 

4 

7 

5-10 

7-10 


45.0 


48.3-59.8 
50-57 
35-50 


11.9 
19.7 
2-5 

16.9 


26.0 
30-40 


30-40 


30-35 
3-8 


5-13 


26,000-28,000 
28,000-32,000 
lbs.  per  sq.  in. 


28,000-30,000 
15,000-18,000 
lbs.  per  sq.  in. 


12,000-16,000 
lbs.  per  sq.  in. 


7.84 
7.80-7.83 


7.80-7.83 

7.81-7.83 

7.4-7.7 

7.6 


Good. 
Good. 


Poor. 


Poor. 


BaseRod:  C— .13-.18 


Mn— .40-.60 
Fltf.  8. 


S— .04        P— .03 
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nitrogen  often  appears  as  needles  within  the  crystal.  Figure 
6  shows  the  presence  of  nitrogen  needles  at  a  magnification 
of  500  diameters. 

At  the  grain  boundary  a  dark  constituent  is  evident 
which  is  probably  an  oxide-nitrogen-carbide  compound  of 
extreme  brittleness.  The  presence  of  such  a  material  would 
cause  low  impact  strength  and  low  ductility  which  is 
characteristic  of  "bare"  wire  welds. 

Molten  metal  in  the  presence  of  oxygen  forms  its  cor- 
responding oxide  which  dissolves  and  causes  brittleness  on 
solidification.  The  effect  of  oxygen  on  "bare"  wire  weld 
metal  is  extremely  active  as  shown  by  the  fact  that  the 
electrode  wire  has  a  carbon  content  of  .13  to  .18  per  cent 
and  the  resulting  weld  metal  0.02  to  0.04  per  cent  carbon. 
The  iron  oxide  reacts  with  the  carbon  forming  carbon 
monoxide,  bubbles  of  which  are  entrapped  to  some  extent 
during  solidification,  resulting  in  a  porous  weld. 

Welds  made  with  heavily  covered  electrodes  are  prac- 
tically free  from  nitrogen  and  oxygen. 

The  influence  of  oxygen  and  nitrogen  on  the  physical 
properties  of  low  carbon  steel  are  shown  in  Fig.  7. 

The  physical  properties  of  weld  metal  deposited  by 
"bare"  or  lightly  coated  electrodes  and  heavily  coated 
electrodes  are  shown  in  Fig.  8. 

Bare  and  lightly  coated  electrode  weld  metal  has  low 
ductility,  low  specific  gravity,  low  impact  resistance  and 
low  corrosive  resistance  because  of  the  presence  of  oxides 
and  nitrides. 

An  important  function  which  can  only  be  fulfilled  by 
the  use  of  flux-covered  electrodes  is  the  control  of  chemical 


Since  the  greater  percentage  of  welding  is  on  steel 
having  a  carbon  range  of  0.10  to  0.35  per  cent,  we  shall 
consider  the  structure  of  welds  made  on  material  of  this 
class. 

The  deposition  of  metal  in  a  single  layer  is  essentially  a 
cast  structure  but  in  multiple  layers  complex  metallurgical 
effects  result.  The  factors  of  current,  arc  voltage  and  of 
time  control  the  temperature  gradient  of  the  plate  from  the 


Fig.  10— Mag.  500X. 


Fig.  11— Mag.  500X. 


^iS^i^^ 


melting  point  downwards  and  thereby  produce  pronounced 
changes  on  the  weld  structure  and  metal  adjacent  to  the 
weld. 

Structural  Examination 

The  structure  of  weld  metal  may  be  determined  by  the 
application  of  micrography  and  macrography  which  are 
supplementary  to  each  other. 

Micrography  is  the  examination  by  means  of  a  mi- 
croscope of  a  specially  prepared  and  representative  speci- 
men, which  is  necessarily  confined  to  a  small  area. 


Fig.  9— Corrosion  Test  on  "Bare"  and  Covered  Electrode. 

analyses  and  physical  properties  of  the  deposited  metal. 
Increase  in  carbon,  manganese  and  silicon  content  with  a 
decrease  in  the  nitrogen  and  oxygen  content  account  for  the 
improved  physical  properties  of  weld  metal.  The  density  or 
specific  gravity,  indicative  of  porosity,  of  covered  electrode 
weld  metal  is  practically  equal  to  that  of  the  best  grade 
of  boiler  plate. 

The  resistance  of  covered  electrode  weld  metal  to 
corrosion  is  comparable  to  that  of  the  parent  metal  whereas 
the  resistance  of  bare  wire  weld  metal  is  quite  inferior. 
The  specimen  shown  in  Fig.  9  was  immersed  in  hot  1:1 
hydrochloric  acid  for  twenty-four  hours. 
Weld  Structure 

The  deposition  of  metal  by  the  metallic  arc  process  is 
somewhat  analogous  to  electric  melting  and  casting.  The 
fundamental  principles  governing  good  or  poor  metal  in  the 
molten  condition  are  essentially  the  same.  If  in  an  electric 
furnace  the  metal  was  melted  down  under  oxidizing  con- 
ditions and  had  a  slag  of  unsuitable  viscosity,  quantity,  and 
was  somewhat  inactive,  the  resultant  ingot  would  be 
porous,  segregated  and  of  little  value.  In  the  case  of  the 
welder  he  may  obtain  weld  metal  of  the  same  poor  quality 
by  non-observance  of  the  proper  current,  arc  voltage, 
manipulation  or  by  the  use  of  an  unsuitable  electrode. 


Fig.  12— Mag.  500X. 


Fix.  13— Mag.  500X. 


Macrography  is  the  examination  of  a  properly  pre- 
pared specimen  under  a  very  low  magnification  or  with  the 
naked  eye,  as  for  example  in  Fig.  1. 

Macro  examination  of  a  weld  will  reveal  the  following 
conditions : — 
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(a)  The  number  of  layers  of  metal  and  manner 
in  which  they  have  been  deposited. 

(6)  Excessive,  or  lack  of,  penetration  of  weld 
metal. 


/:^^^'C\ 


Fig.  14— Mag.  lOOX. 


(c)  Lack    of   fusion    along   the   side   walls    and 
between  runs. 

(d)  Porosity. 

(e)  Inclusions  of  slag,  oxide,  etc. 

Micro  Structure  of  Low-Carbon  Metallic  Arc  Welds 

The  solidification  of  weld  metal  results  in  the  formation 
of  a  "columnar"  structure  due  to  rapid  cooling  when  the 
metal  is  deposited  in  a  single  layer.  In  multiple  layer 
welding  each  layer  modifies  the  structure  of  the  preceding 
and  a  knowledge  of  these  changes  and  factors  contributing 
to  them  is  of  fundamental  importance  in  the  deposition  of 
weld  metal  as  also  the  degree  to  which  the  parent  metal  is 
affected. 

The  structure  typical  of  weld  metal  deposited  by  the 
metallic  arc  process  is  illustrated  by  the  following  examples. 

"Bare"  Wire  Weld  Metal  (see  Figs.  10  to  13).— The 
weld  metal  was  deposited  in  a  90-degree  Vee  on  a  ^-inch 
plate  having  a  chemical  analysis  of  0.25  per  cent  C, 
Mn.  0.377,  P.  .028.  The  joint  was  made  in  three  layers 
with  a  ^-inch  diameter  sull-coated  electrode,  .18  per  cent 
C.  and  operated  at  125  amperes  and  arc  voltage  17.  The 
electrode  was  negative.  The  tensile  strength  of  the  weld 
metal  was  61,000  pounds  per  square  inch. 

Figure  10  shows  the  structure  of  the  parent  metal 
which  is  that  of  ordinary  hot  rolled  steel  finished  at  a  high 
rolling  temperature. 


Fig.  17— Mag.  lOOX. 


Fig.  18— Mag.  lOOX. 


Fig.  16— Mag.  lOOX. 


Figure  11  shows  the  structure  adjacent  to  the  weld 
metal  deposited  in  the  first  pass.  The  grain  size  has  actually 
been  refined  and  indicates  a  temperature  of  1,525-1,550 
degrees  F.  within  the  thermo-critical  range. 

Figure  12  represents  the  structure  of  the  first  pass 
which  has  been  altered  by  the  heat  effects  of  subsequent 
layers.  The  structure  shows  the  so-called  nitride  needles 
and  segregation  along  the  grain  boundaries. 

Figure  13  is  the  characteristic  structure  of  a  single  pass 
weld.  The  grain  structure  is  coarse  and  greater  segregation 
of  impurities  result. 

Covered  Electrode  Weld  Metal  (see  Figs.  14  to  20). 
— ^Figure  14  represents  the  structure  of  blue  annealed 
12  gauge  sheet  having  an  analysis  of  C.  0.17  per  cent, 
P.  0.013  per  cent,  Mn.  0.45  per  cent,  S.  0.032  per  cent,  with 
physical  properties  of  41,340  pounds  per  square  inch  elastic 
limit,  58,470  pounds  per  square  inch  ultimate  and  22.5 
per  cent  elongation  in  8  inches. 

The  grain  structure  and  distribution  of  pearlite  (dark 
areas)  are  uniform,  the  light  areas  are  ferrite  in  excess  of 
that  required  to  form  pearlite. 
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Figure  15  represents  the  weld  structure  formed  by 
automatic  butt  welding  of  this  material  with  a  heavily- 
covered  electrode  at  160  amperes,  an  arc  voltage  of  25 
and  speed  of  14-16  inches  per  minute. 

The  structure  is  Widmanstatten  in  character,  typical 
of  single  layer  deposition  and  indicative  of  primary  crys- 
tallization. 


Fig.  19— Mag.  lOOX. 


Fig.  20— Mag.  lOOX. 


The  weld  metal  analyzed  0.10  per  cent  C,  0.47  per  cent 
Mn.,  0.02  per  cent  AI2O3. 

Figure  16  shows  the  transformed  area  adjacent  to  the 
weld.  In  this  area  a  recrystallization  has  taken  place  and 
the  grain  structure  is  somewhat  smaller  than  that  of  the 
parent  metal. 

Figure  17  represents  the  structure  of  13^-inch  plate 
having  an  analysis  of  C.  0.33  per  cent,  Mn.  0.49  per  cent, 


P.  0.029  per  cent,  S.  0.019  per  cent.  Si.  0.20  per  cent,  with 
physical  properties  of  45,330  pounds  per  square  inch, 
elastic  limit,  79,300  pounds  per  square  inch  ultimate,  30 
per  cent  elongation  in  2  inches,  reduction  of  area  48  per 
cent  and  Brinell  hardness  163. 

A  U-type  of  groove  was  used^and  the  weld  metal 
deposited  in  eleven  layers,  using  a  3/16-inch  diameter 
electrode  and  220  amperes  for  the  first  pass  and  34-inch 
diameter  electrode  and  360  amperes  for  subsequent  passes. 
The  back  was  chipped  out  and  two  passes  laid  down  using 
a  3/16-inch  diameter  electrode. 

After  welding  the  structure  was  stress  relieved  at 
1,200  degrees  F.  for  one  hour  per  inch  of  thickness. 

Figure  18  represents  the  transformation  zone  next  to 
the  parent  metal. 

Figure  19  is  the  area  adjacent  to  the  weld  and  has  a 
sorbitic  structure. 

Figure  20  shows  the  structure  of  the  weld  metal  which 
is  typical  throughout  the  cross-section  except  for  the  top 
and  bottom  passes. 

From  the  photomicrographs  shown  it  is  apparent  that 
the  conditions  of  heating  and  cooling,  which  are  produced 
in  the  material  adjacent  to  the  welding  zone,  give  rise  to  an 
infinite  number  of  structural  forms  as  the  temperature 
gradient  ranges  from  normal  to  the  melting  point  of  steel. 
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The  Boulder  Dam  -  Los  Angeles  Transmission  Lines 

0.  W.  Titus, 

Chief  Electrical  Engineer,  Canada  Wire  and  Cable  Company 

Limited,  Toronto,  Ontario. 

Paper  presented  before  the  Niagara  Peninsula  Branch  of  The  Engineering  Institute  of  Canada  on  October  22nd,  1935. 

SUMMARY. — After  giving  engineering  particulars  of  this  270-mile,   287-kv.  transmission  line,  the  paper  discusses  the  concentric  type  of  conductor 
employed,  with  respect  to  manufacture,  corona  loss,  vibration  and  jointing. 


The  Colorado  river  is  one  of  those  rivers  which  have  been 
both  a  curse  and  a  blessing.  Boulder  dam  is  intended  to 
remove  the  one  and  to  add  to  the  other.  It  drains  ap- 
[)roximately  240,000  square  miles  with  an  average  annual 
run-off  of  about  16,000,000  acre  feet  (varying  from  4,000,000 
to  24,000,000  acre  feet).  Couple  this  tremendous  variation 
with  a  great  seasonal  variation  (there  being  but  little  natural 
storage  and  a  consequent  sudden  run-off)  and  the  necessity 
for  some  control  is  apparent.  The  serious  floods  and  the 
tremendous  silting  up  of  the  channel  in  the  lower  reaches, 
with  the  resultant  dyke  expense,  demanded  some  action. 

The  Black  Canyon  of  the  Colorado,  where  the  Boulder 
dam  is  being  built,  is  located  about  150  miles  down  stream 
from  the  Cirand  (Janyon.  It  is  on  the  border  of  Nevada 
and  Arizona  near  the  south-west  corner  of  Utah  and  quite 
close  to  one  corner  of  California.    The  project  is  for  the 


purpose  of  water  storage  for  (a)  river  control,   (b)  water 
supply  and  irrigation,  (c)  electric  power. 

The  Boulder  dam  must  be  considered  in  conjunction 
with  the  Colorado  river  aqueduct  fed  from  the  Colorado 
river  about  150  miles  downstream  at  the  Parker  dam. 
This  aqueduct  is  a  larger  project  than  the  Boulder  dam 
(some  $225,000,000  as  compared  with  $185,000,000)  but 
does  not  receive  the  same  publicity.  The  necessity  of  the 
aqueduct  is  due  to  the  water  situation  in  Southern  Califor- 
nia, particularly  in  the  metropolitan  water  district  in  and 
around  the  city  of  Los  Angeles.  As  the  population  of  the 
Southern  California  Pacific  slope  is  growing,  the  existing 
water  supplies  are  proving  increasingly  inadequate.  Nature 
even  now  (with  only  15  inches  annual  precipitation)  is  not 
replacing  water  as  rapidly  as  man  is  withdrawing  it.  The 
Boulder  dam's  30,000,000  acre  feet  capacity  will  compen- 
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sate  for  the  smaller  capacity  of  the  Parker  dam,  about 
700,000  acre  feet.  It  is  a  necessary  factor  in  the  Parker 
dam  and  Colorado  river  aqueduct  project. 

With  these  thoughts  in  mind  it  will  be  appreciated 
that  the  Boulder  dam  involves  a  great  deal  more  than  the 
development  of  cheap  hydro-electric  power,  and  those  in 
the  electrical  industry  must  not  judge  this  immense  project 
purely  from  their  own  viewpoint. 


1-r»n»tnia»ion   lint  -  ' 

L.A.  Burrau  tfp^wtr 


Fig.  1 — Location  of  Boulder  Dam  in  Southern  California. 

However,  this  article  deals  particularly  with  the  elec- 
trical side.  The  United  States  government  sells  the  water 
in  the  penstocks  to  the  generating  interests  at  1.63  mills 
per  kilowatt  hour  for  firm  power  and  0.5  mill  for  secondary 
power,  also  installing  the  generating  apparatus  but  recover- 
ing the  cost  thereof  in  instalments. 

The  site  eventually  will  be  able  to  develop  1,800,000 
h.p.,  four  machines  of  115,000  h.p.  each  now  being  under 
construction. 

The  first  block  of  power  is  240,000  kv.a.  contracted 
for  by  the  City  of  Los  Angeles  Department  of  Water  and 
Power  and  it  is  the  transmission  of  this  power  from  the 
dam  to  Los  Angeles  that  is  to  receive  attention  in  this 
paper. 

Later  blocks  of  power  will  be  taken,  one  to  pump  the 
water  over  the  mountains  in  the  aqueduct  project  mentioned 
above,  the  Metropolitan  Water  District  of  Los  Angeles 
(not  to  be  confused  with  the  Department  of  Water  and 
Power)  being  the  purchaser.  A  third  lot  will  go  to  the 
Southern    California   Edison. 

In  neither  of  these  latter  cases  is  absolute  continuity 
of  service  so  essential  as  with  the  Department  of  Water  and 
Power,  the  Southern  California  Edison  block  being  sup- 
plementary to  steam  and  local  hydro-electric  develop- 
ments, and  the  aqueduct  having  large  water  reservoirs 
close  to  Los  Angeles  which  would  render  even  a  compara- 
tively long  power  interruption  not  serious. 

In  the  case  of  the  Department  of  Water  and  Power, 
however,  absolute  dependability  is  of  utmost  importance 
and  pains  have  been  taken  toward  ensuring  only  the  best 
of  constructions. 

Due  to  the  magnitude  of  this  project  and  the  conditions 
involved  large  sums  of  money  and  time  have  been  spent 
on  research  to  see  that  the  right  thing  is  done  and  that 
continuity  of  service  is  ensured. 

The  dam  itself  will  rise  730  feet  above  bed  rock  and 
will  be  1,180  feet  long  by  43  feet  wide  at  the  crest.  It  is 
keyed  into  slots  cut  in  the  rock  on  each  side  of  the  canyon 


although  due  to  its  650-foot  thick  section  at  the  base  it  will 
be  stable  of  itself  even  against  the  relatively  great  head  of 
water  involved. 

During  construction,  the  river  is  being  diverted  through 
four  50-foot  diameter  by  one-mile-long  tunnels  cut  in  the 
solid  rock.  These  tunnels,  or  rather  the  lower  ends  of 
them,  will  be  used  later  for  spillway  and  discharge  outlets. 

Spillways,  one  on  each  side  of  the  river,  will  be  for 
flood  control  and  will  connect  through  50-foot  tunnels  to 
the  down-stream  ends  of  the  diversion  tunnels  mentioned 
above.  It  should  be  noted  that  water  will  not  flow  over 
the  crest  of  the  dam,  the  dam  being  designed  on  that  basis 
due  to  the  high  temperature  to  which  the  concrete  is 
subjected  on  the  down  stream  face.  It  is  feared  that  if 
water  were  to  flow  over  the  face  of  this  concrete  it  would 
result  in  destructive  stresses  at  the  surface  of  the  concrete. 

The  power  houses  will  lie  at  the  bottom  of  the  down- 
stream face  of  the  dam  and  on  both  sides  of  the  river. 

The  Boulder  dam  is  271  miles  from  Los  Angeles,  the 
intervening  country  being  desert  and  low  mountains  as  far 
as  Cajon  Pass,  a  distance  of  231  miles,  and  thence  40  miles 
of  coastal  slope  to  the  city.  The  characters  of  these  sec- 
tions have  resulted  in  different  types  of  transmission  line 
construction  as  will  be  shown  later. 

As  mentioned  before,  the  block  of  power  under  present 
discussion  is  240,000  kv.a.  This  is  to  be  transmitted  271 
miles  at  287,000  volts  sending  end,  275,000  volts  (grounded 
neutral)  receiving  end  on  two  three-phase  lines  of  512,000 
cm.  copper.  It  is  said  that  this  would  be  equivalent  to- 
three  220-kv.  lines.  Overhead  ground  wires  and  counter- 
poises are  used  throughout,  average  spans  1,000  feet. 
Transmission  Lines 

The  transmission  line  will  cost  $13,700,000  or  a  cost  of 
about  $25,300  per  circuit  mile. 


<^E>> 


Fig.  2-— Double  Circuit  Tower,  Coastal  District. 

In  the  40-mile  coastal  district  a  single  line  of  double 
circuit  towers  will  be  used.     These  towers  are  of  standard 
construction  and  of  the  following  dimensions. 
Each  tower: 

Height — -144  feet  2  inches. 

Conductor  spacing — 24  feet  6  inches  vertically  in  a 

plane. 
Circuit  spacing — 40  feet  6  inches. 
Height  to  lowest  cross-arm — 75_feet. 
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Weight— 23,000  pounds. 
Insulator  strings — approx.  12  feet  long. 
Ground  wires — 2  lines  7/16  inch  e.h.t.  copper-weld 
steel  on  40-foot  2-inch  centres. 
There  will  be  two  hundred  and  seventy-one  towers  in 
this  district. 

In  the  desert  section,  of  231  miles,  a  double  line  of 
single  circuit  towers  is  being  employed.    Switching  stations 


152? 


Fig.  3 — Comparison  of  Weights  for  some  Outside  Diameters. 
Weights  Expressed  in  Per  Cent  of  1.4  inch  Type  C  (Type  HH). 

are   being   set   up   at   about   90-mile   intervals   to   permit 
cutting  out  sections  of  either  line  for  maintenance  or  emer- 
gency purposes. 
Each  tower: 

Height— 109  feet  2  inches. 

Conductor  spacing — 32  feet  6  inches  horizontally. 

Circuit  spacing  (tower  line,  centres) — 265 feet  standard. 

Height  to  cross-arm — 90  feet. 

Weight— 18,000  pounds. 

Number— 2,530. 

Ground  wires — 2  per  line  (4  total) . 

— )^-inch  galvanized  steel  on    50-foot 
centres. 
The  base  is  rotated  45   degrees  from  the  normal  which 
results  in  an  approximate  saving  of  10  per  cent  in  weight. 

Counterpoise  systems  normally  are  either  of  the  crows- 
foot  type  or  parallel  type.  This  is  a  combination  of  both, 
a  double  line  of  ^-inch  black  copper  rod  extending  along 
each  tower  line  and  cross  connected  at  each  tower.  It  is 
just  another  evidence  of  extreme  factors  of  safety  in  design 
on  account  of  the  importance  of  100  per  cent  service  from 
the  line.  About  4,000,000  pounds  of  copper  were  used  in 
this  counterpoise  system. 

Conductors 

A  highly  important  element  in  the  transmission  Hne 
is  of  course  the  conductor.  On  account  of  breaking  new 
ground  in  the  voltage  range,  and  due  to  the  amount  of 
material  involved,  a  variety  of  conductors  have  been  studied. 

In  selecting  a  conductor  in  the  upper  voltage  ranges 
one  must  consider  two  factors  from  the  viewpoint  of 
losses  :— 

1st — The  cross-sectional  area  must  be  sufficiently  large 
to  keep  the  P  R  losses  within  proper  limits  but  should  not 


be  larger  than  that  amount  or  the  best  economy  in  use  of 
metal  is  not  attained.  Cost  of  power  and  cost  of  metal 
are  the  determining  elements  in  this  first  division  of  the 
problem. 

2nd — The  outside  diameter  must  be  such  that  for  the 
voltage,  spacing,  altitude  and  kind  of  conductor  surface 
the  corona  loss  does  not  become  excessive.  Corona  is  that 
pale  blue  discharge  accompanied  by  a  rustling  sound 
developed  around  a  conductor  if  the  voltage  stress  in  the 
surrounding  air  rises  above  a  certain  critical  value,  the 
critical  value  depending  on  conditions.  The  production  of 
this  corona  absorbs  an  appreciable  amount  of  power  and 
must  be  given  proper  consideration  when  designing  a  line. 

Increasing  conductor  diameter  (other  conditions  being 
equal)  is  the  common  method  of  reducing  excessive  corona 
loss. 

So  long  as  condition  "one"  (economical  resistance  loss) 
results  in  condition  "two"  (economical  corona  loss)  being 
fulfilled  one  has  an  economical  design  without  waste  of 
metal.  If,  in  order  to  meet  corona  loss  consideration,  more 
metal  is  employed  than  resistance  loss  necessitates  one  does 
not  have  the  most  economical  design  and  good  engineering 
requires  a  better  metal  efficiency. 

This  search  for  the  efficient  use  of  the  conductor 
metal  led  the  Los  Angeles  engineers  to  study  a  wide  variety 
of  conductor  designs,  from  the  conventional  concentric 
stranded  and  the  internally  supported  expanded  sections 
to  the  finally  selected  type  HH.  (See  Fig.  3.)  With  this 
construction  one  can  engineer  properly  the  conductor  design 
for  resistance  loss  and  corona  loss  independently  of  each 
other  between  quite  wide  limits;  this  by  increasing  the 
thickness  of  the  wall  while  maintaining  the  same  outside 
diameter;  or  by  adjusting  the  wall  thickness  while  main- 
taining the  same  cross-sectional  area  and  varying  the  out- 
side diameter. 

This  design  of  conductor  has  an  important  characteris- 
tic from  the  corona  viewpoint  of  which  full  advantage  was 
not  taken  in  this  particular  transmission  line.  It  is  well 
known    that    a    smooth    cylindrical    surface    is    the    most 
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Fig.  4~Comparison  of  Corona  Losses. 

resistant  to  the  formation  of  corona.  Any  unevenness  on 
such  a  surface  aids  the  formation  of  corona.  An  inspection 
of  the  surface  of  the  type  HH  conductor  shows  it  approx- 
imates very  closely  to  a  smooth  cylinder  whereas  the  con- 
ventional stranding  has  a  large  number  of  serrations. 

It  has  been  proved  by  extensive  experiments  that  for 
a  given  diameter  the  type  HH  loss  is  much  lower  than 
that  of  the  conventional.    (See  Fig.  4.)    Or  if  the  economical 
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corona  loss  has  been  determined  a  smaller  diameter  con- 
ductor may  be  chosen  for  HH  than  for  conventional.  In 
the  case  of  Los  Angeles  this  would  have  permitted  a  still 
smaller  cross-sectional  area  for  HH  than  was  used  if  it  had 
been  so  desired.  This  would  have  reduced  the  conductor 
weight  to  about  83  per  cent  of  the  chosen  value. 

In  examining  a  type  HH  conductor  the  interlocking 
structure  essential   to  prevent  any   "bird-caging"   during 


PASSES 


Fig.  5- 


PASSES 

-Steps  in  Drawing  Down  Segments. 


handling  should  be  noted.  Some  idea  of  its  strength  under 
crushing  may  be  gained  from  an  actual  experience  where 
one  flange  of  a  two-ton  reel  dropped  on  top  of  a  1.1  inch 
o.d.  500,000  cm.  type  HH  cable.  The  conductor  was 
dented  seriously  but  did  not  collapse.  In  fact,  as  it  was 
an  experimental  length,  it  was  pulled  up  on  the  line  and 
the  location  is  not  detectable  from  the  ground. 

The  Boulder  dam-Los  Angeles  conductor  is  a  512,000 
cm.  hard  copper  type  HH  hollow  conductor  of  1.4  inch 
o.d. 

There  are  ten  tongue  and  groove  segments  of  28-inch 
lay. 

Ultimate  strength 21,600  pounds. 

Normal  spans 1,000  feet. 

Normal  max.  sag 46  feet. 

Normal  max.  stress 40  per  cent  of  ultimate. 

Loading — Coastal 12-pound  wind  at  25  degrees  F. 

Loading — Desert 3^-inch  ice  and  8-pound  wind  at 

0  degrees  F. 

Weight 1,570  pounds  per  1,000  feet. 

Total  length 1,640  miles. 

Total  weight 13,600,000  pounds. 

Shipping  lengths 1  mile  (10  per  cent — ^o.  mile). 

In  the  manufacture  of  the  conductor  the  segments  are 
drawn  from  flattened  hot  rolled  copper  rod  through  eight 
successive  dies.  (See  Fig.  5.)  The  groove  deepens  and  the 
tongue  extends  until  section  No.  8  is  reached.  Note  the 
lower  lip  of  the  groove  bent  downward  toward  what  will 
eventually  be  the  inside  of  the  cable.  Also  observe  the 
neck  of  the  tongue  part. 

In  the  closing  machine  ten  of  the  final  sections  men- 
tioned above  are  wound  on  bobbins  in  a  little  over  one  mile 
lengths.  The  bobbins  are  mounted  in  a  rigid  frame  closing 
machine  (by  rigid  is  meant  that  the  axis  of  the  bobbin  is 
fixed  in,  and  in  this  case  tangential  to,  the  rim  of  the 
spider) . 

The  segments,  as  the  machine  rotates,  pay  off  through 
hardwood  guides  thence  through  a  set  of  ball  guides  into 
the  circular  closing  die  which  is  the  diameter  of  the  finished 
cable.  Here  the  segments  are  locked  together  by  the  action 
of  a  plug  which  rotates  with  the  frame  of  the  machine  but 
which  extends  inside  the  converging  segments  as  far  as  the 
die,  with  which  it  is  concentric  This  rotating  plug  closes 
the  inside  lip  of  the  groove  over  the  neck  of  the  tongue 
and  produces  the  completely  interlocked  conductor. 

Joints  and  Dead-Ends 
In  conventionally  stranded  cables  the  inner  elements 
are  customarily  gripped  at  the  joint  or  dead-end  by  means 
of  crushing  or  deformation  of  themselves  and  of  the  outer 


elements.  The  problem  of  jointing  in  type  HH  is  par- 
ticularly simple  since  all  elements  (segments)  of  this  cable 
are  readily  accessible  both  externally  and  internally  and 
over  the  greatest  part  of  their  peripheries. 

Further  the  easiest  shape  to  fit  accurately  with  ma- 
chined parts  is  a  circular  cross-section. 

In  the  type  HH  joint  a  plug  is  inserted  inside  the 
conductor.  Outside  the  conductor  a  conical  split  wedge  is 
pulled  down  onto  the  conductor  by  an  opposed  wedge  out- 
side the  inner  wedge.  Increasing  tension  in  the  conductor 
increases  the  grip  in  the  joint.  The  dead-end  is  half  a 
joint  with  an  appropriate  shank. 

Vibration 

The  research  work  done  in  designing  the  Boulder  dam- 
Los  Angeles  transmission  line  included  some  extensive  work 
on  the  problem  of  conductor  vibration  which  is  the  cause 
of  so  much  worry  to  transmission  line  engineers  all  over 
the  world. 

If  a  uniform  light  breeze  passes  across  a  suspended 
conductor  at  approximately  right  angles  to  the  line  the 
conductor  begins  to  vibrate  vertically  in  wave  lengths  of 
from  about  ten  to  thirty  feet  depending  on  the  wind 
velocity.  The  amplitude  may  be  from  infinitesimal  to  one 
or  two  inches,  usually  less  than  an  inch.  The  wind  veloci- 
ties involved  are  from  about  2  to  9  or  10  miles  per  hour. 
Above  that  value  the  characteristic  wave  length  is  so  short 
that  the  energy  necessary  to  maintain  vibration  becomes 
too  great  for  the  energy  available  from  the  wind,  and 
vibration  ceases.  That  at  least  is  one  of  the  theories  of 
this  vibration  phenomenon. 

The  objection  to  the  vibration  is  that  its  energy  is 
dissipated  mostly  at  suspension  points  which,  being  over- 
worked, may  fail  under  fatigue  after  a  few  months  or  few 
years  service. 

In  line  with  their  policy  of  caution  the  Los  Angeles 
engineers  have  made  a  long  research  on  vibration.  Actual 
vibration  in  the  field  was  studied  by  means  of  a  double 
span  erected  on  service  towers  at  a  location  considered 
particularly  liabte  to  set  up  conductor  vibration.  An  in- 
genious apparatus  at  the  centre  suspension  point  was 
developed  by  which  a  beam  of  light  was  projected  through 
a  pin  point  in  a  light  metal  diaphragm  (the  metal  diaphragm 
being  attached  to  the  conductor  or  clamp,  as  the  case  might 
be.  by  piano  wire)  thence  onto  a  travelling  motion  picture 
film.  Simultaneously  dots  of  light  indicated  time,  wind 
velocity  and  wind  direction. 

Both  conductor  and  suspension  clamp  motions  were 
recorded  simultaneously  in  order  that  relative  motion  be- 
tween the  two  might  be  studied  in  the  office.  This  relative 
motion  represents  the  working  on  the  cable  tending  to 
destroy  it  by  fatigue. 


Fig.  6— Type  of  HH  Joint. 

This  research  indicated,  up  until  about  a  year  ago, 
that  vibration  occurred  not  over  3  per  cent  of  the  time 
during  the  worst  season  and  during  May,  1934,  not  over  1 
per  cent  of  the  time.   This  is  considered  highly  satisfactory. 

Further,  it  was  observed  that  no  vibration  occurred 
in  winds  above  6  miles  per  hour  and  the  most  at  about 
2  miles  per  hour.    This  means  that  the  cable  is  such  that 
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it  cannot  follow  the  natural  frequency  due  to  the  wind  at 
the  most  dangerous  velocities  (i.e.  when  the  energy  con- 
tent of  the  wind  is  high) ,  and  only  vibrates  when  the  wind 
energy  available  is  so  low  as  to  greatly  lower  the  possibility 
of  damage. 

At  that  time  the  maximum  working  angle  between  the 
cable  and  the  clamps  worked  out  to  .0234  degree.  In 
order  to  determine  what  this  meant  in  reference  to  the 
ability  of  the  cable  to  stand  such  working,  the  city  engineer 
mechanically  vibrated  such  a  cable  in  a  frame  in  their 
shops  at  over  15  times  that  value.  The  last  report  from 
this  indicated  that  it  had  stood  well  over  500,000,000  cycles, 
without  failure. 

Additionally  to  these  tests  the  city  engineers  studied 
the  behaviour  of  clamps  under  vibrations  mechanically 
imposed  on  the  conductor. 

At  Leland  Stanford,  Dr.  J.  S.  Carroll  has  been  making 
extensive  studies  on  vibration.  In  one  study  he  electro- 
magnetically  vibrated  various  conductors  at  various  wave 
lengths  and  various  amplitudes,  measuring  the  power  input. 
Then  in  his  unique  wind  tunnel  he  measured  the  frequency 
and  amplitude  at  which  various  cables  vibrated  under 
various  wind  velocities.  The  wind  tunnel  is  unique  in 
that  the  wind  blows  across  the  long  dimension  instead  of 
along  that  dimension.  It  was  a  big  problem  to  get  uniform 
wind  velocities  without  pulsation  or  eddies  perpendicularly 
to  a  fifty-foot  sample. 

Also  at  Leland  Stanford,  the  P.G.  &  E.  were  studying 
vibration  dampers,  and  at  Los  Angeles  the  Southern 
California  Edison  are  erecting  various  types  of  cables  on 
a  tower  line  where  particularly  bad  vibration  trouble  has 
been  experienced  in  the  past.  The  author  understands  that 
in  Northern  California  the  P.G.  &  E.  are,  or  were,  studying 
dampers  on  the  line,  an  article  having  been  published  in 
"Electrical  Engineering"  during  1934  on  their  findings. 


Altogether  the  State  of  California  is  very  much  alive 
to  the  vibration  problem  and  there  should  be  some  valuable 
results  available  before  long. 

Present  Status 

The  dam  is  complete,  and  the  power  house  building 
practically  complete.  The  first  penstock  will  have  been 
tested  by  the  time  this  article  is  published. 

The  first  two  generators  will  be  ready  for  operation 
June  1st,  1936,  and  two  more  by  August  1st,  1936. 

On  November  1st,  1935,  the  water  impounded  was 
4,013,000  acre  feet,  with  a  lake  length  of  80  miles.  The 
inflow  at  that  time  was  5,270  second-feet  with  an  outflow 
of  9,850  second-feet;  i.e.  the  dam  already  is  functioning  to 
supply  extra  water  during  low  stages  of  the  river. 

All  the  transmission  line  conductor  has  been  shipped, 
the  last  shipment  being  made  November  18th,  1935.  All 
the  desert  single  circuit  tower  transmission  line  has  been 
completed  and  has  passed,  just  recently,  through  a  very 
severe  wind  storm.  During  this  storm  a  number  of  trans- 
mission lines  in  the  district,  including  an  important  220-kv. 
line,  were  blown  down.  The  Boulder  dam-Los  Angeles  line 
described  in  this  article  was  subjected,  in  the  Cajon  Pass 
section,  to  the  highest  recorded  wind  velocities  in  the 
district  during  the  storm  but  a  close  and  detailed  examina- 
tion showed  no  troubles. 

The  coastal  district,  40  miles,  has  been  held  up  until 
just  recently  due  to  right-of-way  difficulties  but  these  now 
are  settled  and  the  entire  line  will  be  finished  by  May  1st, 
1936. 

The  author  gratefully  acknowledges  information  and 
illustrations  received  from  Mr.  W.  O.  Bolser,  of  the  Depart- 
ment of  Water  and  Power  of  Los  Angeles,  and  Mr.  D.  M. 
Simmons,  chief  engineer  of  General  Cable  Corporation, 
manufacturers  of  the  type  HH  transmission  line  conductor. 
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Geological  Mapping  With  Aeroplane  Assistance* 

F.  J.  Alcock,  Ph.D., 
Geological  Survey  of  Canada,  Ottawa,  Ont. 

Paper  presented  before  the  Ottawa  Branch  of  The  Engineering  Institute  of  Canada,  April  25th,  1935. 

SUMMARY. — The  author  describes  the  advantages  of  employing  aircraft  in  geological  exploration  in  remote  areas  of  the  Precambrian  shield.  Accurate 
and  complete  topographic  maps  made  from  aerial  photographic  surveys  are  now  available  as  a  basis  for  geological  work,  many  general  features  of  which  can 
also  be  obtained  from  the  air.  Aircraft  facilitate  ground  exploration  by  transporting  the  bulk  of  a  party's  supplies,  thus  enabling  the  canoe  parties  to  travel 
light  and  make  their  detail  examinations  with  a  minimum  of  physical  effort. 


During  the  field  season  of  1934  the  author  was  engaged 
in  mapping  geologically  a  tract  of  country  in  northern 
Saskatchewan  lying  north  of  the  Churchill  river  and  drained 
by  two  of  its  tributary  streams,  the  Mudjatik  and  the 
Haultain.  The  topographic  mapping  of  the  region  by 
means  of  air  photogi'aphs  had  brought  out  the  possibility 
that  the  geology  here  might  be  worth  investigating.  Many 
of  the  lakes  in  the  area  are  long  and  narrow  and  follow 
broad  curves.  Experience  in  other  Precambrian  fields 
suggested  that  this  meant  that  the  rocks  in  which  the 
lake  basins  lie  probably  consisted  of  ancient  sediments  or 
volcanics  intruded  by  oval-shaped  masses  of  granite  and 
that  the  drainage  had  adjusted  itself  to  the  softer  forma- 
tions surrounding  the  harder  granite.  Such  an  association 
of  stocks  of  intrusive  rock  surrounded  by  older  formations 
offers  good  prospecting  territory.  The  region  is  also  one 
of  fairly  easy  access  and  it  seemed  desirable,  therefore,  to 
have  it  explored  geologically  since  practically  no  informa- 
tion was  as  yet  available  concerning  it.  The  provincial 
Department  of  Natural  Resources  offered,  if  the  federal 
Geological  Survey  would  undertake  the  investigation,  to 
assist  the  party  to  and  from  the  field,  and  to  place  at  its 
disposal  for  the  season  a  Vedette  flying  boat  and  a  pilot. 

When  the  author  was  asked  to  take  charge  of  this 
exploration  the  proposal  made  a  very  strong  appeal.  Up 
to  1922  most  of  his  work  had  been  in  northern  Alberta, 
Saskatchewan  and  Manitoba  in  country  very  similar  to 
this.  Conditions  of  work,  however,  even  as  late  as  1922, 
were  entirely  different  from  what  this  would  be.  In  those 
days  carrying  out  geological  work  in  the  western  Pre- 
cambrian meant  not  only  studying  the  rock  formations  but 
it  involved  also  making  a  topographic  map  to  serve  as  a 
base  to  put  the  geology  on  for  then  the  only  maps  available 
consisted  of  a  few  track  surveys  along  the  principal  water 
routes.  In  more  recent  years  our  geologists  in  many  areas 
have  had  the  advantage  of  topographic  surveys  made  from 
air  photographs  showing  where  the  lakes  and  streams  and 
muskegs  lie  thus  enabling  them  not  only  to  devote  their 
main  attention  to  their  geology,  but  also  to  plan  their 
work  to  much  better  advantage.  Here  in  the  Mudjatik 
region  would  be  an  opportunity  not  only  to  work  with  the 
new  advantage  of  a  good  base  map  but  to  go  one  better 
and  have  in  addition  the  use  of  a  flying  boat.  It  would 
be  most  interesting  to  see  just  how  much  help  this  would 
really  be  in  saving  time  and  labour  and  in  doing  more  and 
better  work. 

The  Mudjatik  area  may  be  reached  by  either  of  two 
routes  both  of  which  start  from  Prince  Albert.  The  older 
is  from  end  of  steel  at  Big  River  and  this  still  remains  the 
one  by  which  most  of  the  freight  is  taken  in.  It  follows 
along  Cowan  lake  and  Cowan  river  to  Beaver  river  which 
empties  into  Ile-a-la-Crosse  lake,  an  expansion  of  Churchill 
river.  A  new  route  has  recently  been  opened  up  by  way 
of  Meadow  Lake,  about  125  miles  northwest  of  Prince 
Albert  where  a  clay  belt  has  been  developed  into  an  im- 
portant farming  section.  From  Meadow  Lake  a  truck  road 
leads  to  Dore  situated  below  what  are  known  as  the  Grand 
Rapids  of  the  Beaver  and  from  there  the  Beaver  offers  a 


good  water  route  to  Ile-a-la-Crosse  lake.  Here  is  a  trading 
post  which  has  had  a  long  interesting  history  for  it  lies 
on  the  old  Methye  portage  route  which  for  over  one  hundred 
years  was  the  main  highway  to  the  Athabaska-MacKenzie 
region.  Now  in  addition  to  the  trading  post  there  is  a 
church,  a  hospital,  a  wireless  station  and  district  officer's 
quarters.  At  the  north  end  of  the  lake  where  the  Churchill 
makes  a  swing  to  the  east  is  another  post  known  as  Wapache 
Wunak.  The  flying  boat  joined  the  party  here  and  as  the 
mouth  of  the  Mudjatik  is  only  about  eight  miles  to  the 
northeast,  this  post  served  as  a  convenient  headquarters 
for  provisions  and  gasoline. 

The  region  to  be  investigated  lies  within  the  Canadian 
or  Precambrian  Shield  and  presents  the  features  common 
over  that  vast  region,  the  most  striking  of  which  is  the 
multitude  of  lakes  of  all  sizes  and  shapes  which  dot  its 
surface.  The  relief  varies  from  about  1,250  feet,  the  eleva- 
tion of  the  Churchill  river  at  the  mouth  of  the  Haultain, 
to  around  1,850  feet  the  height  of  the  higher  ridge  summits 
in  the  central  part  of  the  area.  Rock  ridges  rise  to  heights 
of  over  200  feet  above  the  level  of  the  adjacent  lakes  and 
most  of  the  lakes  have  rocky  shores.  Being  on  a  divide 
between  three  rivers,  the  streams  of  the  area  are  all  small, 
few  of  them  large  enough  for  travel  even  with  light  canoes. 
Hence  in  places  to  get  from  lake  to  lake  long  portages  were 


*Published  with  the  permission  of  the  Director  of  the  Bureau  of 
Economic  Geology,  Department  of  Mines. 


Fig.    1 — Northern    Saskatchewan.     Hatched    Section    Indicates 
Area  Surveyed. 

necessary  and  the  steep-sided  character  of  many  of  the 
intervening  ridges  made  the  finding  of  feasible  routes  some- 
times difficult.  From  the  map  a  route  of  travel  was  planned 
through  the  area  following  the  larger  lakes  so  that  from 
some  places  or  other  on  it  practically  any  point  in  the 
region  could  be  reached.  From  camps  conveniently  spaced 
along  this  route  the  party  proceeded  by  canoe  in  pairs  to 
examine  all  the  rock  exposures  along  the  lakes  and  to  make 
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inland  traverses  on  foot  at  key  places.  Much  of  the 
country  was  covered  by  side  trips  lasting  from  two  to  four 
days  away  from  the  main  camps  made  by  members  of 
the  party  travelling  in  pairs.  With  a  Hght  canoe  and  a 
silk  tent  it  was  often  possible  to  travel  without  cutting 
trails  and  to  make  but  one  trip  on  the  portages  suffice. 

With  the  assistance  of  the  plane  the  amount  of  physical 
work  necessary  in  travel  of  this  kind  was  cut  down  to  a 


PLAN      A 


SECTIONS 


Geological  Survey,  duinrhi. 


Fig.  2. 

minimum.  Since  regular  trips  were  made  by  plane  to 
Wapache  Wunak  for  more  gas  and  provisions  it  was  never 
necessary  to  have  more  than  ten  days'  supplies  with  us  and 
when  camp  was  to  be  moved  loads  were  thus  at  a  minimum. 
Before  moving  camp  a  preliminary  flight  was  always  made 
to  choose  the  next  camp  site  and  to  select  the  best  route 
of  travel  for  the  canoes  to  follow  along.  In  choosing  a 
camp  site  first  consideration  had  to  be  given  the  plane; 
there  must  be  a  sand  beach  or  a  muskeg  shore  where,  when 
tied  up,  it  would  be  safe  no  matter  from  what  quarter  a 
gale  might  blow.  In  moving,  three  flights  of  the  Vedette 
usually  took  most  of  the  load  so  that  only  one  trip  on  the 
portage  was  all  that  was  necessary  for  those  travelling  with 
the  canoes.  A  most  important  feature  which  has  already 
been  referred  to  is  that  with  the  plane  to  do  the  portaging 
it  was  possible  to  travel  with  light  canoes  instead  of  with 
heavy  freight  ones,  a  vital  consideration  where  portages 
are  long  and  trails  either  poor  or  entirely  lacking. 

In  addition  to  its  labour-saving  help  the  plane  was  of 
use  in  speeding  up  the  actual  geological  mapping.  Though 
the  flying  boat  was  unable  to  transport  any  of  the  ordinary 
canoes,  the  party  was  supplied  with  a  collapsible  canvas 
canoe  which  could  be  carried  in  the  front  cockpit.  At 
times  while  members  of  the  party  were  making  traverses 
with  the  ordinary  canoes,  the  pilot  and  the  writer  would 
fly  to  some  lake,  otherwise  difficult  of  access,  secure  the 
plane  fast  in  some  bay,  put  the  canoe  together  and  spend 
the  day  examining  the  shore  outcrops  or  in  making  traverses 
inland.  In  the  evening  a  return  would  be  made  to  camp. 
Some  of  the  places  which  would  have  been  the  most  difficult 
to  reach  by  ground  methods  were  thus  reached  and  examined 
with  a  minimum  of  work  and  trouble. 

Aside  from  these  purely  mechanical  uses,  it  was  in- 
teresting to  see  how  much  help  could  be  obtained  from  the 
plane  in  connection  with  the  more  technical  side  of  the 
work.  It  is  the  work  of  the  geologist  to  study  the  various 
rock  formations,  to  find  out  their  relations,  i.e.,  the  sequence 
in  which  they  were  formed,  and  to  indicate  on  a  map  their 


areal  extent.  If  there  are  any  known  mineral  occurrences 
it  falls  to  his  lot  also  to  investigate  these  to  try  to  find 
out  why  they  are  located  where  they  are  in  order  to  direct 
intelligent  search  for  more  deposits.  In  the  Mudjatik 
region  there  are  a  great  many  rock  types  but  they  all  fall 
into  three  main  groups.  The  first  and  oldest  is  a  series  of 
sediments  originally  laid  down  under  water  forming  sand- 
stones, shales,  and  locally  limestone.  Later  a  second 
group  of  dark  rocks  came  up  in  a  molten  condition 
from  deep  within  the  earth's  crust  and  injected  them- 
selves into  the  sediments  for  the  most  part  along  their 
bedding  planes.  All  these  rocks  were  later  thrown  into 
folds  during  mountain- building  movements.  Accom- 
panymg  these  movements  great  masses  of  granite 
arise  from  below  in  a  molten  state  and  intruded  them- 
selves into  the  overlying  rocks.  The  granites  carried 
mineralizmg  solutions  which,  during  late  stages  of  the 
cooling,  were  given  off  and  resulted  in  the  formation 
of  ore  deposits.  A  tremendously  long  period  of  erosion 
then  followed  during  which  the  mountainous  topog- 
raphy was  reduced  to  one  of  low  relief.  This  dissec- 
tion brought  to  the  surface  the  granites  which  had 
solidified  at  depths,  in  places  denudation  proceeded 
so  far  that  only  small  remnants  of  the  older  formations 
were  left.  It  is  most  important  to  have  these  areas  of 
older  rocks  delimited  for  it  is  in  the  zones  of  contact 
between  the  older  complex  and  the  younger  intrusive 
rocks  that  ore  deposits  may  be  expected  to  be  found. 
The  larger  these  areas  of  older  rock  the  more  hopeful 
are  they  as  prospecting  fields.  Figure  1  is  a  diagram- 
matic representation  of  a  region  intruded  by  a  large 
mass  or  batholith  of  granite.  Plans  A,  B  and  C,  repre- 
sent geological  maps  of  the  region  after  it  has  been 
denuded  to  the  respective  levels  shown  in  the  section. 
It  can  readily  be  seen  that  at  Stage  A,  the  region  is  good 
prospecting  country,  that  at  Stage  B,  there  is  still  hope  of 
finding  deposits,  but  that  at  Stage  C,  most  of  the  ore 
deposits  have  been  removed  in  the  general  dissection  of 
the  region.  The  geological  mapping  of  the  Mudjatik  area 
brought  out  the  fact  that  it  is  of  the  Stage  C  type,  con- 
sisting of  wide  areas  of  granite  or  granite-gneiss  with  only 
narrow  remnants  of  the  older  rocks  remaining. 

Much  of  the  country  had  been  swept  by  a  series  of 
forest  fires  and  as  a  result  there  were  large  areas  where 
from  the  air  one  could  make  a  fairly  good  guess  as  to  what 


Fig.  3 — Typical  Topography  of  the  Region. 

rocks  formed  the  ridges.  For  example,  if  we  had  paddled 
round  a  long  narrow  lake  with  continuous  rocky  shores  and 
had  seen  nothing  but  granite-gneiss  and,  if  on  an  adjacent 
lake  nothing  but  that  same  rock  type  had  been  found,  and 
further,  if  a  flight  over  the  intervening  country  showed  bare 
hills  of  rock  looking  exactly  like  the  exposures  seen  on  the 
lake  shores  it  was  fairly  safe  to  colour  in  the  whole  area 
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without  going  to  the  trouble  of  making  cross  traverses  on 
foot.  In  places  where  geological  contacts  on  the  ground 
had  been  located  it  was  found  possible  to  project  these 
contacts  by  means  of  observation  from  the  air.  Even  in 
burnt  country,  however,  this  had  to  be  done  with  a  great 
deal  of  caution  while  in  country  of  green  timber  it  was  the 


Fig.  4 — Establishing  Radio  Communication  with  Ile-^-la- Crosse. 

author's  experience  that  little  reliance  could  be  placed  on 
guesses  made  from  the  air.  Nevertheless  air  observation 
reduced  to  a  minimum  the  amount  of  land  traversing 
necessary  and  thus  saved  a  great  amount  of  time. 

The  only  mineralization  observed   in  the  area  were 
several  large  quartz  veins  and  a  few  small  sulphide  showings 


none  of  which  carried  any  appreciable  gold  content.  Two 
of  the  quartz  veins  could  readily  be  seen  from  the  air. 
It  is  not  the  large  veins  of  this  type,  however,  which 
ordinarily  prove  of  value  and  ground  work  must  always  be 
the  method  to  locate  the  smaller  gold-bearing  veins.  Sul- 
phide deposits  are  commonly  betrayed  by  their  rusty 
gossan  or  iron-cap.  In  places  these  can  be  spotted  from 
the  air,  but  without  careful  ground  work  many  more 
valuable  ones  might  be  readily  passed  up.  Too  much, 
therefore,  must  not  be  asked  of  the  aeroplane. 

It  can  be  definitely  stated,  however,  that  aeroplane 
assistance  has  revolutionized  geological  mapping  in  the 
Precambrian  fields  of  northern  Canada.  The  difference 
between  work  with  and  without  such  assistance  can  only 
be  fully  appreciated  by  those  who  have  worked  under 
both  sets  of  conditions.  In  a  period  of  less  than  three 
months  the  author  with  aeroplane  assistance  mapped  an 
area  of  some  two  thousand  square  miles.  Modification  of 
this  work  could  be  made  to  suit  special  undertakings.  A 
plane  capable  of  carrying  canoes  would  be  a  still  further 
improvement  and  help,  and  one  such  plane  could  service 
a  number  of  geological  parties  working  in  the  same  general 
region.  Geological  supervision  and  co-ordination  would 
also  be  possible  by  having  an  experienced  geologist  in 
charge  of  such  a  general  undertaking.  After  the  regional 
geological  mapping  was  done  in  this  way  prospecting  out- 
fits could  be  placed  in  the  likely  areas  delimited  on  the 
geological  maps  and  these  could  similarly  be  serviced  and 
supervised  by  aeroplane  help.  The  possibilities  of  this  new 
aid  to  geological  investigation  have  only  begun  to  be 
generally  appreciated. 


Annual  General  and  General  Professional  Meeting 

HAMILTON,  ONTARIO 

FEBRUARY  6th  and  7th,  1936 

Headquarters — Royal  Connaught  Hotel 
Business  Meeting  Annual  Dinner  Reception  and  Dance 


Technical  Sessions  and  Plant  Visits 


Entrance  to  Hamilton  Harbour. 
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The  Fiftieth  Annual  General  Meeting 

Notice  is  hei-eby  given  that  in  accordance  Avith  the 
By-laws,  the  Annual  General  Meeting  of  The  Engineering 
Institute  of  Canada  for  1936  will  begin  at  Headquartei-s 
at  eight  o'clock  p.m.,  on  Thursday,  January  23r(i,  193(5, 
for  the  transaction  of  the  prescribed  business,  and  will  be 
adjourned  to  reconvene  at  the  Royal  Connaught  Hotel, 
Hamilton,  at  ten  o'clock  a.m.  on  Thursday,  February 
6th,  1936. 

The  Quebec  Electricity  Commission 

An  important  commission  has  been  constituted  under 
recent  legislation  in  the  province  of  Quebec,  for  the  purpose 
of  regulating  public  services  in  connection  with  the  produc- 
tion, transmission  and  distribution  of  electricity  in  the 
province.  Dr.  Augustin  Frigon,  m.e.i.c,  now  Director  of 
Technical  Education  of  the  province  and  Dean  of  the 
Ecole  Poly  technique,  Montreal,  has  been  named  chairman 
of  the  new  Quebec  Electricity  Commission;  Dr.  O.  O. 
Lefebvre,  m.e.i.c,  at  present  chief  engineer  of  the  Quebec 
Streams  ('ommission,  has  been  appointed  vice-chairman, 
and  J.  W.  McC'ammon,  a.m. E. i.e.,  consulting  engineer  of 
Montreal,  becomes  a  commissioner. 

The  powers  of  the  new  commission  are  very  wide,  and 
the  future  of  the  electrical  power  industry  in  the  province 
of  Quebec  will  be  largely  dependent  upon  its  policies  and 
activities.  The  provincial  government  is,  therefore,  to  be 
congratulated  on  securing  for  the  personnel  of  the  com- 
mission three  engineers  of  such  standing  and  experience. 
The  duties  of  the  commissioners  will  involve  technical 
knowledge  and  judgrn(>nt  of  a  high  order,  and  it  is  refresh- 
ing to  find  that  this  fact  has  been  realized  by  the  govern- 
ment and  that  a  departure  has  been  made  i'rom  the  cus- 
tomary practice  of  selecting  connnissioners  almost  exclusive- 
ly from  men  having  a  legal  or  business  training.     It_^is 


probable  that  the  secretary  of  the  commission,  yet  to  be 
appointed,  will  be  a  lawyer,  so  that  expert  opinion  will  be 
available  on  the  legal  aspect  of  the  commission's  work. 

The  commission  has  power,  generally,  to  hold  enquiries 
into  the  electricity  services  in  the  province,  particularly  as 
regards  quality  of  service,  equipment,  means  of  protection, 
extension  of  the  systems,  reports  to  be  made,  rules,  regula- 
tions, conditions,  and  practices  affecting  the  rates  and 
charges  connected  therewith.  It  will  be  the  judge  in  cases 
of  dispute  between  a  company  and  a  municipality  as  to 
the  right  to  use  a  street  or  water-course,  and  other  similar 
questions.  Its  approval  miist  be  given  to  the  construction 
or  operation  of  any  new  line  or  plant,  and  the  same  control 
will  apply  to  extensions  or  alterations  to  a  plant.  When- 
ever the  public  interest  demands,  the  commission  may 
order  any  public  service  to  extend  its  line,  network  or 
system.  No  public  service  may  wholly  or  partly  suspend 
operations  without  its  approval. 

Schedules  of  all  rates  must  be  filed  with  the  commission, 
and  no  increases  or  alterations  in  classification  or  rules 
will  be  permitted  without  showing  justification  to  the  com- 
mission, and  getting  its  approval.  All  rates  and  charges 
claimed  by  a  public  service  must  be  established  in  the 
intei'est  of  the  consumer,  and  in  that  of  the  public  service 
and  of  the  investors  therein,  and  must  be  fixed  with  due 
regard  for  the  economic  interests  of  the  province  and  the 
particular  conditions  of  the  service  concerned,  so  as  to 
assure  a  just  and  reasonable  revenue  for  such  public  service; 
taking  into  account,  however,  only  expenses  really  and 
justly  applicable  to  the  operation  of  the  public  service  in 
question. 

The  commission  may  set  rates  upon  its  own  motion, 
as  well  as  upon  complaint.  The  commission  may  also 
disapprove  or  vary  the  terms  of  a  contract  hitherto  exist- 
ing, when  it  is  a  matter  of  distribution  or  sale  of  electricity 
for  light,  heat,  energy  or  motive  power. 

Sales  of  one  company  to  another  or  mergers  of  com- 
panies are  subject  to  commission  approval,  and  approval 
is  required  also  for  exchange  of  services.  All  capitalization 
of  a  public  service  is  under  the  supervision  of  the  com- 
mission, and  uniform  bookkeeping  systems  may  be  required. 
Contracts  between  a  municipality  and  a  public  service  also 
require  ratification. 

Guarantees  of  the  impartiality  and  independence  of 
the  commission  are  provided,  since  no  commissioner  may 
hold  any  office  or  carry  on  any  employment  inconsistent 
with  the  performance  of  his  duties,  nor  may  he  hold  or  be 
interested  in  any  security  of  any  public  service  corporation. 
The  commissioners  will  give  their  attention  exclusively  to 
the  work  of  the  commission  and  must  not  follow  any  other 
occupation.  They  will  be  independent  of  the  government 
and  of  political  influence,  since  it  is  provided  that  they 
shall  remain  in  office  during  good  conduct,  and  may  be 
dismissed  only  by  the  Lieutenant-Governor  on  a  joint 
address  of  the  Legislative  Council  and  Legislative  Assembly. 
Employees  for  the  commission's  service  will  be  appointed 
by  the  Lieutenant-Governor-in-Council,  and  provision  has 
been  made  for  pensions  for  the  commissioners  on  the  same 
basis  as  for  provincial  judges. 

The  Nickel  Industry 

It  is  nearly  fifty  years  since  nickel  was  found  to  occur 
in  the  copper-bearing  ores  of  the  Sudbury  mining  district. 
In  addition  to  copper,  that  area  is  now  yielding  gold,  silver, 
selenium,  tellurium,  and  metals  of  the  platinum  group, 
and,  most  important  of  all,  is  providing  some  eighty  per 
cent  of  the  world's  requirements  of  nickel,  the  Canadian 
production  of  that  metal  in  1934  amounting  to  about 
()4,U00  tons.  An  industry  yielding  over  thirty  million 
dollars  a  year  is  one  in  which  Canadians  certainly  should 
be    interested,    particularly    since    its    principal    product 
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has   now   become   an   essential   in   so   many   branches   of 
engineering  work. 

The  remarkable  increase  in  nickel  production  which 
occurred  in  1933  and  1934  was  largely  due  to  general  im- 
provement in  industrial  activity,  but  was  greatly  hastened 
by  extensive  researches  carried  out  by  the  producing  com- 
panies in  order  to  discover  and  encourage  new  peace  time 
uses  for  the  metal.  A  useful  resume  of  the  progress  made 
in  the  metallurgy  of  nickel  during  the  past  ten  years  was 
given  at  the  recent  International  Congress  of  Mines,  Metal- 
lurgy and  Applied  Geology  in  Paris  by  Vice-President  J. 
F.  Thompson,  of  the  International  Nickel  Company  of 
Canada.  Incidentally  his  statements  will  do  much  to 
correct  the  common  idea  that  nickel  is  almost  entirely  used 
for  military  purposes.    Striking  figures  were  given  by  Dr. 


Thompson  as  to  the  great  variety  of  commercial  uses  to 
which  nickel  is  now  applied. 

Those  who  remember  Sudbury  in  the  days  when  the 
ore  was  roasted  out  of  doors  in  great  heaps,  with  wood  as 
fuel,  will  learn  with  interest  of  the  revolutionary  changes 
that  have  been  introduced  in  the  treatment  of  the  ore, 
particularly  as  regards  the  recovery  of  the  platinum 
values  from  the  ore  of  the  Frood  mine,  and  the  production 
of  metallic  nickel  of  the  extremely  high  purity  now  required, 
over  99.9  per  cent.  Much  of  the  refined  nickel  used  in 
Canada  and  the  United  States  is  now  produced  electroly 
tically  at  Port  Colborne  from  the  Sudbury  matte,  while 
metal  of  specially  high  purity  is  also  made  by  the  nickel- 
carbonyl  process  at  Clydach  in  South  Wales. 

In  his  address  Dr.  Thompson  drew  attention  to  the 


Fiftieth  Annual  Meeting 


Members  who  recall  the  very  successful  meeting  held  in  Hamilton  seven  years  ago  will  be  pleased  to  hear  that 
the  Annual  Meeting  Committee  of  that  Branch,  under  the  chairmanship  of  Mr.  W.  HoUingworth,  m.e.i.c,  are  now 
completing  their  preparations  for  the  welcome  of  members  who  will  attend  the  Fiftieth  Annual  General  and  General 
Professional  Meeting  of  The  Institute  to  be  held  at  the  Royal  Connaught  Hotel,  Hamilton,  on  Thursday  and  Friday, 
February  6th  and  7th,  1936. 

The  city  of  Hamilton  offers  many  advantages  as  a  location  for  a  gathering  of  this  kind,  not  the  least  being  easy 
access  for  the  large  Institute  membership  in  the  industrial  area  of  Ontario  in  which  it  is  so  centrally  situated.    For  those 
coming  by  train  the  railways  will  offer  low  rates  for  parties  to  be  organized  by  our  branch  secretaries. 
The  following  is  an  outline  of  the  programme: 
Thursday,  February  6th: — ■ 
Morning:    Registration  and  Business  Session. 

Induction  of  Incommg  President  and  Council. 

Formal  Luncheon. 

Technical  Sessions. 

Reception  and  Tea  for  Ladies. 

Annual  Dinner  of  The  Institute. — -Speaker, 

Sir  E.  W.  Beatty. 
Dance. 


Noon: 
Afternoon: 

Evening : 


Friday,  February  7th: — 

Morning:     Technical  Sessions. 
Noon:  Luncheon. 

Afternoon:  Technical  Sessions. 

Visits  to  Plants. 
Evening:     Smoking  Concert. 


An  attractive  series  of  social  events  will  be  arranged,  while  as  regards  the  technical  features  of  the  meeting,  there 
will  be  a  series  of  papers  on  transportation  topics,  featuring  the  effect  of  recent  development  of  the  various  phases  of 
that  industry,  especially  with  reference  to  the  parts  which  different  agencies  of  transportation  can  take  in  Canada's 
transport  system.    This  timely  presentation  is  expected  to  give  rise  to  active  discussion. 

In  addition,  several  papers  will  be  presented  on  topics  illustrative  of  some  of  Hamilton's  manufacturing  indus- 
tries. These  will  be  of  particular  interest  in  connection  with  electrical  and  ceramic  work.  Structural  engineers  will 
note  an  important  paper  on  bridge  construction. 

The  meeting  will  conclude  with  visits  to  a  number  of  the  varied  engineering  and  industrial  plants  of  which 
Hamilton  possesses  so  many. 


City  of  Hamilton  from  the  Mountain 


598 


THE     ENGINEERING     JOURNAL 


December,  1935 


fact  that  over  seventy  per  cent  of  the  world  consumption 
of  nickel  is  used  for  alloys,  and  new  uses  for  these  alloys 
are  being  continually  developed.  For  example,  of  the 
seventy-nine  alloy  steels  in  use  in  the  automobile  industry 
in  North  America,  forty-one  contain  nickel,  and  that 
industry  absorbs  about  twenty  per  cent  of  the  world's 
production  of  the  metal.  There  has  been  a  corresponding 
increase  in  the  use  of  alloy  steels  outside  the  automotive 
industry,  due  in  large  measure  to  advances  in  the  technique 
of  making  these  nickel-ferrous  alloys.  The  old  idea  that 
alloy  steels  are  useful  only  in  the  quenched  and  tempered 
condition  is  now  quite  discredited,  as  so  many  of  them 
are  giving  excellent  service  in  the  "as  rolled"  condition, 
or  after  simple  normalizing  treatment.  Certain  nickel  alloy 
steels  have  the  remarkable  property  of  retaining  toughness 
at  extremely  low  temperatures,  and  are  finding  employ- 
ment for  pressure  vessels  used  at  temperatures  down  to 
—  75  degrees  F.,  while  others  have  been  developed  for  use 
at  high  pressures  and  temperatures  up  to  1,500  degrees  F., 
as  in  cracking  stills  and  modern  high  pressure  steam  boilers. 
Many  troublesome  technical  problems  have  been 
solved  by  recent  research  in  the  metallurgy  of  nickel. 
Thus,  the  prevention  of  corrosion  in  condenser  tubes  by 
the  use  of  a  suitable  copper-nickel  alloy;  the  use  of  nickel- 
clad  plates  for  tanks  and  containing  vessels  in  the  heavy 
chemical  industries;  the  development  of  bright  nickel 
plating  requiring  no  buffing;  the  widening  of  the  field 
of  use  of  the  stainless  steels,  are  all  achievements  of  which 
the  industry  may  be  proud.  A  multitude  of  new  products 
have  been  placed  at  the  disposal  of  the  engineer,  such  as 
nickel-iron  alloys  which  have  special  magnetic  qualities, 
and  age-hardening  bronzes  containing  nickel  and  possessing 
remarkable  properties  as  regards  strength,  hardness  and 
ductility.  All  these  are  milestones  on  the  road  towards 
the  era  of  alloys,  and  are  results  of  the  combined  researches 
of  the  producers  and  the  various  consumer  groups  in  the 
nickel  industry. 

Talking  with  Swiss  Engineers 

Canadian  engineers  in  Montreal  had  an  opportunity 
on  the  afternoon  of  November  22nd,  1935,  of  greeting 
their  colleagues  in  Switzerland  by  speaking  by  trans- 
Atlantic  telephone  with  a  meeting  of  members  of  the 
Technical  Society  of  Winterthur  in  Switzerland. 

At  the  Winterthur  meeting  an  evening  lecture  was 
being  given  by  Professor  Dr.  Von  Salis,  on  the  subject  of 
trans-oceanic  telephone  service,  and  by  way  of  practical 
demonstration  of  his  remarks,  the  brief  addresses  of  the 
Montrealers  were  transmitted  direct  by  wire  and  wireless 
telephony  and  received  at  the  meeting  over  a  loud  speaker 
public  address  system  installed  in  the  lecture  room. 

The  General  Secretary  of  The  Engineering  Institute 
introduced  the  speakers  to  their  Swiss  audience,  and  with 
him  in  the  board  room  of  the  Bell  Telephone  Company 
were  Dr.  F.  A.  Gaby,  m.e.t.c.  President  of  The  Institute, 
Paul  Ackerman,  a.m.e.i.c,  consulting  engineer  of  the 
Shawinigan  Power  Company,  and  former  student  at  the 
Federal  Polytechnikum  at  Zurich,  and  Gaston  Jaccard, 
Swiss  consul-general,  each  of  whom  spoke  in  turn. 

Dr.  Gaby  presented  greetings  from  The  Engineering 
Institute,  and  recalled  incidents  of  two  visits  he  had  made 
to  Switzerland  some  years  ago,  and  M.  Jaccard  gave  a 
brief  resume  of  conditions  in  Canada,  both  industrial  and 
commercial.  Mr.  Ackerman  gave  a  similar  talk  stressing 
recent  engineering  activities  and  achievements  in  Canada. 
The  two  latter  gentlemen  spoke  in  German. 

Mr.  M.  Du  Bois,  Jr.E.i.c,  assistant  to  the  director  of 
Sulzer  Bros.  Limited,  Winterthur,  and  formerly  a  resident 
of  Montreal,  acknowledged  and  reciprocated  the  greetings 
of  the  Canadian  engineers.  The  reception  was  excellent 
at  both  ends. 


Mr.  C.  F.  Sise,  President  of  the  Bell  Telephone  Com- 
pany of  Canada,  a  group  of  telephone  officials  and  news- 
papermen listened  to  the  two-way  conversations  through 
instruments  installed  for  the  occasion.  The  arrangements 
which  made  this  telephone  conversation  possii)le  in  Canada 
were  in  the  hands  of  the  Bell  Telephone  Company  of 
Canada,  Limited.  Facilities  at  the  European  end  were 
given  through  the  co-operation  of  the  British  Post  Office  and 
the  Swiss  Telephone  Administration. 

Committee  on  Consolidation 

The  Connnittee  held  its  eighth  meeting  at  The  En- 
gineering Institute  Headquarters  on  Wednesday,  Novem- 
ber 6th,  1935,  at  8  p.m.  At  this  meeting  the  Chairman 
made  a  review  of  the  activity  which  had  taken  place  in  the 
various  Branches  of  The  Institute  and  in  the  Professional 
Associations,  with  reference  to  the  consideration  of  Con- 
solidation, during  the  summer  months. 

This  Report  indicated  that  this  important  matter  was 
being  seriously  considered  throughout  Canada,  and  that 
active  discussions  were  being  carried  on  among  the  general 
membership  which  had  been  productive  of  many  con- 
structive suggestions,  and  much  general  interest  in  the 
possibilities  of  the  organization  and  development  of  the 
profession. 

The  returns  on  the  "Questionnaire"  issued  by  the 
Committee  were  received  and  analyzed,  and  indicated  the 
following  approximate  figures:— 

Possible  Replies. 

Engineering  Institute 2,630 

Professional  Asscjciations 3,807 

Total 6,437 

Replies. 

Number  of  members  represented  by  replies 4,262 

Question  No.  1— Yes,  4,234;  No,    28. 

Question  No.  2— Yes,  3,841;  No,  353. 

Question  No.  3— Yes,  3,900;  No,  343. 

Question  No.  4— Yes,  4,147;  No,    33. 

Question  No.  5— Yes,  3,953;  No,    87. 

Membership  of  Branches  of  Institute  and  Provincial 
Associations  not  represented  in  the  replies : 

St.  Maurice  Valley  Branch 27 

Lethbridge  Branch 24 

Professional  Association  of  Alberta 253 

Vancouver  Branch 127 

Professional  Association  of  British  Columbia 808 

1,239 

At  its  meeting  of  November  2nd,  the  Council  of  the 
Association  of  Professional  Engineers  of  Alberta  decided 
to  continue  its  endeavours  for  co-ordination  through  the 
Dominion  Council,  and  in  this  it  is  following  the  same 
policy  as  the  Professional  Association  of  British  Columbia. 

The  Committee  on  Consolidation  suggested  to  the 
Council  of  The  Institute  the  advisability  of  issuing  an 
invitation  to  all  the  Provincial  Professional  Associations 
through  the  Secretary  of  the  Committee  of  Eight,  to  hold 
a  meeting  of  that  Committee  in  Hamilton,  on  the  occasion 
of  the  Annual  Meeting  of  The  Institute  in  February,  1936. 
Council  has  issued  this  invitation. 

All  the  suggestions  relative  to  Consolidation  which 
have  been  received  by  the  Committee  as  a  result  of  the 
"Questionnaire"  or  otherwise,  are  now  being  studied  by  the 
Committee,  with  a  view  to  placing  its  report  and  recom- 
mendations before  the  Council  of  The  Institute  at  its 
meeting  of  December  20th,  1935. 

Gordon  McL.  Pitts,  a.m.e.i.c. 
Chairman 
Committee  on  Consolidation. 
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OBITUARY 

John  Simeon  Armstrong,  M.E.I.C. 

John  Simeon  Armstrong,  m.e.i.c,  whose  death  occurred 
at  Fredericton,  N.B.,  on  July  4th,  1935,  was  a  member  of 
many  years  standing,  having  joined  the  Canadian  Society 
of  Civil  Engineers  at  its  formation  in  January  1887. 

A  graduate  of  King's  College,  Windsor,  N.S.,  of  the 
year  1869,  Mr.  Armstrong  was  awarded  the  General 
Williams  prize  in  engineering.  His  early  work  was  in  con- 
nection with  railway  construction  on  the  Intercolonial 
Railway  in  1870,  and  the  following  year  he  was  engaged  on 
the  Bay  Verte  canal  project.  Subsequently  Mr.  Armstrong 
was  assistant  engineer  with  the  Department  of  Public 
Works  in  charge  of  a  party  on  the  Saint  John,  N.B.,  harbour 
survey.  His  later  appointments  included  the  following: 
assistant  engineer,  locating  and  on  construction  of  the 
Salisbury  and  Hillsboro  Railway;  leveler  on  Aulac  and 
Cape  Tormentine  Railway  survey;  general  survey  and  plan 
for  Halifax  sewerage;  engineer  for  gold  prospecting  and 
mining  in  Nova  Scotia;  member  of  contracting  firm  engaged 
for  five  years  in  building  construction  in  Saint  John,  N.B.; 
construction  engineer  and  general  manager,  Lincoln  Pulp 
and  Paper  Company  at  Lincoln,  Maine;  preliminary  and 
location  surveys  for  the  Temiscouata  Railway  in  Quebec 
and  New  Brunswick  and  charge  of  preliminary  survey  and 
construction  of  a  section  of  the  Edmundston  and  St. 
Francis  branch  of  that  railway;  principal  assistant  engineer 
with  the  Chignecto  Marine  Transport  Railway  between 
the  years  1888  and  1891;  engineer  and  general  manager, 
Chambersburg  and  Gettysburg  Railway  in  Pennsylvania; 
manager  of  the  Caledonia  Mining  and  Manufacturing  Com- 
pany at  Graff enburg.  Pa.;  chief  engineer  on  preliminary 
and  locating  surveys  for  the  Canso  and  Louisburg  Railway 
in  Cape  Breton;  bridge  engineer  and  principal  assistant  on 
Midland  Railway  in  Nova  Scotia  and  later  contractor's 
engineer  for  the  Shubenacadie  bridge. 

In  addition  to  the  above,  Mr.  Armstrong  was  for  a 
period  engaged  in  private  practice  as  patent  attorney  on 
the  United  States  government  register  and  was  later 
engineer  and  secretary  treasurer  of  the  Coal  Mining  Com- 
pany in  the  Grand  Lake  Coal  district  of  New  Brunswick. 
He  was  actively  engaged  in  the  Good  Roads  movement  in 
New  Brunswick  particularly  in  connection  with  the  forma- 
tion of  the  Saint  John  City  and  County  Goods  Roads  As- 
sociation and  the  New  Brunswick  Good  Roads  Association. 
In  1926  Mr.  Armstrong  entered  private  practice  as  con- 
sulting engineer,  specializing  in  harbours,  canals,  railways, 
transport,  patents  and  special  submarine  works. 

Mr.  Armstrong  joined  the  Canadian  Society  of  Civil 
Engineers  as  a  Member  on  January  20th,  1887. 


PERSONALS 

J.  L.  Balleny,  a.m. e. i.e.,  has  joined  the  staff  of  the 
Canadian  General  Electric  Company  Limited  at  Toronto, 
Ont.  Following  graduation  from  McGill  University  in 
1925  with  the  degree  of  B.Sc,  Mr.  Balleny  joined  the  staff 
of  the  company  which  he  now  rejoins,  being  engaged  on 
general  machine  testing  in  the  test  department.  In  1926  and 
1927  he  was  in  the  industrial  control  engineering  department 
on  the  design  of  miscellaneous  equipment,  and  in  1927  he  was 
appointed  industrial  electric  heating  engineer  in  charge  of 
design,  construction  and  the  installation  of  all  types  of 
electric  heating  equipment,  which  position  he  held  until 
1929  when  he  became  attached  to  the  mechanical  engineer- 
ing department  of  the  Dominion  Bridge  Company  Ltd., 
Montreal.  In  1932  Mr.  Balleny  was  with  the  Beauharnois 
Light  Heat  and   Power  Company,   at  Beauharnois,   Que. 


The  Quebec  Electricity  Commission 

Dr.  Augustin  Frigon,  m.e.i.c,  who  has  been  appointed 
the  chairman  of  the  new  Quebec  Electricity  Commission, 
is  a  prominent  French-Canadian  electrical  engineer,  and 
a  graduate  of  the  Ecole  Polytechnique,  Montreal,  of  which 
he  is  now  the  Dean.  Following  graduation  he  studied  at  the 
Massachusetts  Institute  of  Technology,  Boston,  and  then 
travelled  abroad.  In  Paris  he  took  courses  at  the  Ecole 
Superieure  d'Electricite  and  received  the  degree  of  Doctor 


Dr.  A.  Frigon,  M.E.I.C. 


Dr.  O.  Lefebvre,  M.E.I.C. 

of  Science  from  the  University  of  Paris.  Dr.  Frigon  is  at 
present  chairman  of  the  Montreal  Electrical  Service  Com- 
mission, and  served  on  the  Royal  Commission  appointed  in 
1928  to  investigate  radio  broadcasting.  He  is  a  member  of 
the  National  Research  Council,  Ottawa.  His  experience  in 
the  electric  power  industry  m  Quebec  has  been  extensive 
and  varied,  largely  in  connection  with  the  work  of  the 
Quebec  Public  Utilities  Commission.  He  takes  an  active 
interest  in  Institute  affairs  and  is  a  member  of  Council  and 
a  past-chairman  of  the  Montreal  Branch. 

Dr.  Olivier  Lefebvre,  m.e.i.c,  a  past-president  of  The 
Institute,  vice-chairman  of  the  new  commission,  graduated 
from  the  Ecole  Polytechnique,  with  honours,  in  1902.  After 
some  three  years  in  the  laboratories  of  the  Department  of 
Public  Works  in  Ottawa,  he  became  assistant  to  the  Ottawa 
district  engineer,  and  was  engaged  in  river  surveys  and  the 
construction  of  wharves,  dams  and  other  works  carried 
out  by  the  Department  in  that  locality.     In  1912  he  was 
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sent  to  Vancouver  to  make  a  complete  survey  of  Burrard 
Inlet  and  False  Creek.  In  1913,  leaving  the  Dominion 
Service,  Dr.  Lefebvre  entered  that  of  the  province  of 
Quebec  as  chief  engineer  of  the  Quebec  Streams  Com- 
mission, and  since  that  time  has  been  responsible  for  prac- 
tically all  of  the  important  projects  initiated  by  the  Streams 
Commission  to  provide  effective  government  regulation  of 
the  flow  of  the  great  rivers  of  the  province  whose  power  is 
being  developed  under  private  ownership.  Dr.  Lefebvre 
is  a  member  of  Council  of  The  Institute,  a  Member  of  the 
American  Society  of  Civil  Engineers,  and  serves  on  the 
Administrative  Board  of  the  Ecole  Polytechnique,  Mont- 
real. In  1929  he  received  the  Honorary  Degree  of  Doctor 
of  Science  from  the  University  of  Montreal. 

J.  W.  McCammon,  a.m. e. i.e.,  graduated  from  McGill 
University  in  1912  with  the  degree  of  B.Sc,  and  later  took 
an  apprentice  course  with  the  Canadian  Westinghouse 
Company  at  Hamilton,  Ont.  Following  this  he  was  for  a 
time  assistant  to  the  mechanical  and  electrical  engineer  of 
Mackenzie  Mann  and  Company  on  the  Mount  Royal 
Tunnel,  Montreal,  and  was  later  for  nine  years  manager  of 
the  pump  and  electrical  departments  of  Canadian  Fairbanks 
Morse  Company,  Montreal.  He  was  connected  with 
Charles  Walmsley  Company,  Montreal.  From  1929  to 
1934  Mr.  McCammon  was  assistant  to  the  general  manager 
of  the  Beauharnois  Light,  Heat  and  Power  Company. 
Mr.  McCammon  served  overseas  during  the  War,  having 
enhsted  in  1915  with  the  6th  Siege  Battery.     He  received 


J.  W.  McCammon,  A.M.E.I.C. 

a  commission  in  the  Royal  Garrison  Artillery  in  1917,  was 
transferred  to  the  Canadian  Garrison  Artillery  with  the  rank 
of  lieutenant  in  1918,  and  demobihzed  in  1919.  Mr. 
McCammon  has  been  an  Associate  Member  of  The  Institute 
since  1924. 

A.  T.  Perrin,  m.e.i.c,  formerly  chief  engineer  of  the 
Whiting  Corporation  (Canada)  Limited,  Toronto,  has  been 
appointed  general  superintendent  of  Sawyer  Massey 
Limited  at  Hamilton,  Ont.  Mr.  Perrin  was  at  one  time 
with  E.  A.  Turner  and  Company,  Toronto,  and  prior  to 
that  was  with  the  mechanical  department  of  the  Dominion 
Bridge  Company  at  Lachine  Que. 

Lieut.-Colonel  A.  E.  Dubuc,  D.S.O.  and  Bar,  Chevalier 
de  la  L6gion  d'Honneur,  m.e.i.c,  chief  engineer  of  the 
Department  of  Railways  and  Canals,  Ottawa,  has  been 
made  a  member  of  the  board  recently  appointed  to  deal 
with  the  ports  of  the  Dominion. 

Colonel  Dubuc  graduated  from  Laval  University 
in  1901  with  the  degree  of  B.A.Sc,  and  following  graduation 


became  an  assistant  engineer  with  the  Department  of 
Public  Works,  Canada,  at  Ottawa.  In  1912  he  was 
appointed  district  engineer  for  the  Department  at  Montreal. 
In  October  1914  Colonel  Dubuc  enlisted  for  service 
overseas  with  the  22nd  French-Canadian  Regiment,  being 
promoted  to  the  rank  of  Captain  in  the  same  year.  In 
1915  he  became  a  Major,  and  in  1916  acting  Lieutenant- 
Colonel,    commanding    the    Regiment    in    the    actions  of 


Lieut.-Colonel  A.  E.  Dubuc,  M.E.I.C. 

Regina  Trench  in  1916,  at  Vimy  Ridge  in  1917,  and  at 
Neuville-Vitosse,  Mercatel,  Amiens,  Arras  and  Cherisy 
in  1918.  Colonel  Dubuc  was  wounded  at  Kemmel  in 
1915,  at  Ypres  in  1916  and  at  Cherisy  in  1918.  In  1918  he 
became  Lieutenant-Colonel.  Colonel  Dubuc  received  the 
Distinguished  Service  Order  and  was  made  a  Chevalier  de 
la  Legion  d'Honneur  in  1917,  and  in  1918  received  a  Bar  to 
his  D.S.O.  and  was  twice  mentioned  in  despatches.  In  De- 
cember 1920  he  was  promoted  to  the  rank  of  Colonel  and 
given  command  of  the  11th  Infantry  Brigade. 

Returning  to  Canada  in  1919  Colonel  Dubuc  was 
appointed  superintending  engineer  of  the  Department  of 
Railways  and  Canals,  and  in  1924  became  chief  engineer 
of  the  Department. 


ELECTIONS  AND  TRANSFERS 

At  the  meeting  of  Council  held  on  November  12th, 
1935,  the  following  elections  and  transfers  were  effected: 

Member 

ANDERSON,  Hope  Vere,  (Glasgow  and  West  of  Scot.  Tech. 
College),  senior  asst.  engr.,  Dept.  of  Marine,  Ottawa,  Ont. 

REID,  Charles  Roy,  B.Sc,  E.E.,  (Univ.  of  Oregon.),  M.M.E., 
(Cornell  Univ.),  asst.  gen.  supt.,  Shawinigan  Water  and  Power  Co., 
Montreal,  Que. 

Associate  Member 

FRY,  Edmund  Botterell,  B.Sc,  (McGill  Univ.),  engr.  and  surveyor, 
Howey  Gold  Mines  Ltd.,  Red  Lake,  Ont. 

Juniors 

ERASER,  Innes  Martell,  B.Sc,  (N.S.  Tech.  Coll.),  potentiometer 
mtce.  man.,  Imperoyal,  Dartmouth,  N.S. 

KATZ,  Leon,  B.Sc,  (Queen's  Univ.),  foreman.  Monarch  Battery 
Mfg.  Co.  Ltd.,  Kingston,  Ont. 

McGUIRE,  James  Francis,  B.Eng.,  (McGill  Univ.),  apprentice, 
Montreal  Armature  Works  Ltd.,  Montreal,  Que. 

Affiliate 

WEBSTER,  Frederick  Henry  Thomas,  chief  engr.,  Homoeopathic 
Hospital,  Montreal,  Que. 
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Transferred  from  the  class  of  Associate  Member  to  that  of 
Member 

GAUTHIER,  Paul  GiUes,  B.Sc,  (McGill  Univ.),  Civil  Engineer 
and  Quebec  Land  Surveyor,  6(50  de  L'Epee  Ave.,  Outremont,  Que. 

Transferred  from  the  class  of  Junior  to  that  of  Associate 
Member 

BENJAMIN,  Abraham,  B.Sc.,  (McGill  Univ.),  elect'l.  designer, 
Montreal  Light,  Heat  and  Power  Cons.,  Montreal,  Que. 

BOWN,  Charles  Roy,  B.Sc,  (McGill  Univ.),  asst.  chief  engr., 
Canada  and  Dominion  Sugar  Co.  Ltd.,  Montreal,  Que. 

HARRIS,  Arthur  Clifford,  B.Sc,  (N.S.  Tech.  Coll.),  asst.  engr., 
City  of  Halifax,  N.S. 

HOLDEN,  John  Hastie,  B.Sc,  (McGill  Univ.),  sales  mgr.,  Geo. 
W.  Reed  &  Co.  Ltd.,  Montreal,  Que. 

McBRIDE,  Ernest  Willard,  B.A.Sc,  (Univ.  of  Toronto),  technical 
engr.,  Abitibi  Power  and  Paper  Co.,  Toronto,  Ont. 

WILSON,  Archdale  McDonald,  B.Sc,  (Queen's  Univ.),  asst.  engr., 
Algoma  Central  and  Hudson's  Bay  Rly.,  Sault  Ste.  Marie,  Ont. 

Transferred  from  the  class  of  Student  to  that  of  Associate 
Member 

BENNETT,  Arthur  J.,  B.Sc,  (McGUl  Univ.),  sales  engr.,  English 
Electric  Co.  of  Canada  Ltd.,  Montreal,  Que. 

CUNNINGHAM,  George  Allin,  B.A.Sc,  (Univ.  of  Toronto), 
district  representative.  Imperial  Oil  Ltd.,  Peterborough,  Ont. 

DOBRIDGE,  Ronald  Wemyss,  B.Sc,  M.Sc,  (McGill  Univ.), 
transformer  engr.,  Canadian  Marconi  Co.,  Montreal,  Que. 

HAMILTON,  Robert  WiUiam,  B.Sc,  (McGill  Univ.),  elect'l. 
engr.,  Dominion  Electric  Protection  Company,  Montreal,  Que. 

Transferred  from  the  class  of  Student  to  that  of  Junior 

BARBOUR,  Clarence  Allen,  B.Sc,  (Univ.  of  N.B.),  prop..  Maritime 
Radio  and  Electrical  Supplies,  Saint  John,  N.B. 

HART,  William  0.,  B.Sc,  (Queen's  Univ.),  sales  and  advertising 
mgr.,  Oshawa  Dairy  Ltd.,  Oshawa,  Ont. 

HUTTON,  John  R.,  B.Sc,  (N.S.  Tech.  CoU.),  engr.,  lamp  dept., 
Canadian  Westinghouse  Co.  Ltd.,  Hamilton,  Ont. 

Students  Admitted 

BEAULIEU,  Gerard,  (Ecole  Polytech.,  Montreal),  3636  Henri 
Julien  St.,  Montreal,  Que. 

ELMSLEY,  Clarence  Mathieu  Remy,  (Queen's  Univ.),  30  Syden- 
ham St.,  Kingston,  Ont. 

FIELD,  George  Lewis,  instr'man.,  Beauharnois  Light,  Heat  and 
Power  Co.,  Montreal,  Que. 

GARDEN,  Joseph  MacKenzie,  (McGill  Univ.),  3420  Hutchison 
St.,  Montreal,  Que. 

LEY,  Cecil  John,  junior  dftsman.,  Dominion  Bridge  Co.  Ltd., 
Lachine,  Que. 

McGregor,  Leslie  Stewart,  (McGill  Univ.),  5940  Clanranald 
Ave.,  Montreal,  Que. 

MOULE,  Gerald  William,  (Univ.  of  Man.),  79  Balmoral  Place, 
Winnipeg,  Man. 

RICE,  Joseph  Donald,  B.Eng.,  (McGiU  Univ.),  2044  Victoria  St., 
Montreal,  Que. 


REGENT  ADDITIONS  TO  THE  LIBRARY 

Proceedings,  Transactions,  etc. 

American  Society  of  Civil  Engineers:  Transactions  1935. 

North  East  Coast  Institution  of  Engineers  and  Ship  Builders:  Trans- 
actions vol.  51,  1934-35. 

Highways  Research  Board:  Proceedings  of  the  14th  Annual  Meeting, 
1934. 

American  Society  of  Mechanical  Engineers:  Transactions  of  the 
Hydraulic  Institute  of  the  Munich  Technical  University,  1935. 

Reports,  etc. 

Report  of  the  Lieutenant-Governor' s  Committee  on  Housing  Conditions 
in  Toronto,  1934. 

Federal  Housing  Administration,  Technical  Division:  Recent  Develop- 
ments in  Dwelling  Construction. 

Province  of  Quebec  Association  of  Architects:  Charter,  By-laws  and 
Code  of  Ethics,  1935. 

Ontario  Department  of  Mines:     44th  Annual  Report,  1935. 

National  Research  Council:  Evaporation  from  Gasoline  Storage 
Tanks  under  the  Influence  of  the  Sun's  Radiation,  by  R.  Ruedy. 

Canada,  Dept.  of  Marine:    68th  Annual  Report,  1934-35. 

Canada,  Dept.  of  Mines:    Report  for  year  ending  March  31st,  1935. 


Canada,  Dept.  of  Marine,  Hydrographic  Service: 

Tide  Tables  for  the  Pacific  Coast  of  Canada  for  1936. 

Tide  Tables  for  the  Atlantic  Coast  of  Canada  for  1936. 
University  of  Lorulun:     Calendar  for  the  year  193.5-36. 
Smithsonian  Institution:     Annual  report  1934. 
Quebec  Streams  Commission:     '23rd  Report,  1934. 
Canada,  Dept.  of  Mines,  Mines  Branch:     Gasoline  Survey  for  1934. 
Inslitulion  of  Civil  Engineers:     Selected  Engineering  Papers: 

No.  172:     Construction  of  the  New  Sea  Locks  of  the  Crinan  Canal. 

No.  173:     Depreciation  of  Plant  and  Machinery. 

No.  174:     Photo-elastic  Investigations  of  Shear  Tests  of  Timber. 

No.  175:  Mandiuvring  of  Single-Screw  Ships:  The  Effect  of 
Rudder  Proportions  on  Manouuvring  and  Propulsive 
Efficiency. 

No.  176:     The  Bridges  of  the  Egyptian  vState  Railways. 

No.  177:  The  Survey  and  Reconstruction  of  the  Lyme  Regis 
Sea  Defences. 

No.  178:     The  Theory  and  Design  of  Propeller-Type  Fans. 

No.  179:     Catenarian  Functions. 

No.  180:     Caisson  Sinking  at  Plantation  Quay,  Glasgow. 
Vernon-Harcourl  Lecture  1.933-34. 

Canals  and  Canalized  Rivers. 
Special  Lectures: 

The   Construction   of   two    New   Canals   for   Inland    Navigation 
in  the  Netherlands. 

Military  Bridging. 

Hydro-Electric  Power  Development  on  the  Rhine. 
Institution  Lecture  to  Students: 

Modern  Methods  and  Plant  for  Excavations. 

Technical  Books,  etc.  Received 

Mineral   Deposits,   by   W.   Lindgren.     {McGraw-Hill  Book  Co.,   New 

Yorlc.) 
Heat   Engines,    by    Moorfield   and    Winstanley.     {Edward   Arnold   & 

Co.)     {Longman's  Green  &  Co.,  Toronto.) 

BULLETINS 

Belt  Conveyors — The  Jeffrey  Manufacturing  Company,  Columbus, 
Ohio,  have  issued  catalogue  No.  610,  containing  112  pages,  and  giving 
full  particulars  regarding  belt  conveyors  and  accessories  manufactured 
by  the  company.  Standard  sizes  range  from  14  to  60  inches.  The 
catalogue  includes  pertinent  data  and  illustrations  of  typical  install- 
ations. 

Conveyors — A  16-page  bulletin  received  from  the  Jeffrey  Manu- 
facturing Company  contains  particulars  and  illustrations  of  the  methods 
used  in  excavation  and  handling  of  material  in  the  building  of  the 
Grand  Coulee  dam. 

Sheet  Piling — A  12-page  booklet  issued  by  the  Canadian  Sheet 
Piling  Company,  Montreal,  contains  particulars  of  a  number  of  in- 
stallations of  Larssen  steel  sheet  piling. 

Portable  Air  Cowpressors^Canadian  Ingersoll-Rand  Company 
Ltd.,  Montreal  have  issued  a  24-page  booklet  containing  data  on  the 
company's  complete  line  of  2-stage  air-cooled  gasoline  and  oil  engine 
driven  portable  air  compressors. 

Precision  Lathe — A  catalogue  issued  by  the  South  Bend  Lathe 
Work-;,  South  Bend,  Indiana,  describes  the  new  9-inch  "workshop" 
precision  lathe.  The  booklet  contains  a  number  of  illustrations, 
describing  the  8  different  models  of  this  lathe,  and  giving  instructions 
for  performing  the  many  operations  encountered  in  the  machine  shop, 
and  displaying  the  complete  set  of  attachments  this  lathe  can  be 
fitted  with. 

BOOK  REVIEWS 

Elements  of  Machine  Design 

By  D.  S.  Kimball  and  John  H.  Barr.     John  Wiley  and  Sons  {Renouf 

Publishing  Company,  Montreal),  New   Yorlc,  1936.     Third  and 

revised  edition.    6  by  9}4  inches.    Diagrams.    469  pages. 

Cloth,  $4.00. 

Reviewed  by  Professor  N.  M.  Hall,  m.e.i.c* 
The  large  number  of  mechanical  engineers  who  are  familiar  with 
the  1909  and  1923  editions  of  this  book  will  welcome  the  appearance  of 
the  new  1935  edition  by  the  same  authors.  Dean  Dexter  S.  Kimball  of 
Cornell  University  and  John  H.  Barr,  formerly  professor  of  machine 
design  at  the  same  institution. 

It  retains  the  same  general  form,  adequately  illustrated  by  dia- 
grams of  fundamental  designs  but  unencumbered  with  photographs  of 
machines,  tables  and  catalogue  matter  which  are  subject  to  frequent 
change,  and  which  are  readily  available  from  handbooks,  catalogues  and 
technical  data  issued  from  time  to  time  by  manufacturers. 

While  the  book  presupposes  a  knowledge  of  mechanics  of  machines, 
this  subject  is  adequately  reviewed  in  the  opening  chapters,  and  the 
remainder  is  devoted  to  the  fundamentals  which  form  the  basis  of 
machine  design.  At  the  end  of  each  chapter  will  be  found  a  useful  list 
of  references  to  books,  transactions  of  national  societies  and  manufac- 
turers' data,  from  which  further  study  of  the  subject  matter  of  each 
chapter  can  be  pursued. 
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Obsolete  matter  of  the  earlier  editions  has  been  eliminated,  and 
considerable  new  material  covering  the  advances  in  research  and  design 
have  been  inserted.  This,  for  example,  includes  the  recent  work  in 
lubrication  and  bearing  design. 

While  written  primarily  for  use  as  a  college  text  book,  it  will  prove 
useful  to  the  designer  who  may  wish  from  time  to  time  to  review  the 
fundamentals  of  machine  design  and  bring  himself  up  to  date  on  the 
recent  advances  in  the  subject. 

The  book  has  been  enlarged  to  463  pages  and  is  adequately  il- 
lustrated. 


'Profesinr  of  Mechanical  Engineering,  U niversity  of  Manitoba,  Winnipeg    Man. 


Industrial  Electronics 

By  F.  H.  GuUiksen  and  E.  H.  Vedder.   John  Wiley  and  Sons,  New  York. 

(Renouf  Publishing  Company,  Montreal).    6  by  914  inches.    2Jf5  pages. 

Cloth.     $3.50. 

Reviewed  by  G.  A.  Wallace,  a.m.e.i.c* 

This  book  is  a  very  business-like  treatment  of  the  application  of 
electronic  tubes  in  fields  other  than  communication  engineering  and 
sound  reproduction,  and  it  will  be  gi'eatly  appreciated  by  those  who 
are  actively  engaged  in  making  such  applications. 

There  is  no  excess  verbiage  in  this  book.  From  the  first  page 
to  the  last  the  authors  have  attended  strictly  to  business  and  their 
working  principle  has  apparently  been  to  cram  the  maximum  amount 
of  information  into  the  minimum  amount  of  space.  The  result  is  a 
book  which  may  seem  a  little  dry  to  the  casual  reader,  but  which  is 
full  of  interest  to  the  practical  worker. 

The  book  is  well  arranged.  The  authors  begin  by  devoting  twenty- 
nine  pages  to  a  very  concise  classificaticn  and  description  of  electronic 
tubes  and  their  characteristics.  This  is  followed  by  a  thirty-page 
classification  and  description  of  the  various  methods  of  controlling 
these  tubes.  Then  come  the  practical  applications.  These  practical 
applications  are  very  diverse,  but  the  preliminary  classification  and 
treatment  of  the  control  methods  serves  to  bring  order  and  system 
into  what  might  otherwise  appear  to  be  an  uncorrelated  jumble  of 
miscellaneous  devices. 

The  applications  covered  include  photo-electric  relays,  elevator 
floor  levelling,  automatic  control  of  lighting,  sorting,  grading,  matching 
and  counting  by  means  of  photo-electric  cells,  telemetering,  smoke 
indicators,  stroboscopes,  rectifiers,  inverters,  welding,  theatre  dim- 
ming, oil-burner  control,  automatic  train  control,  precipitation,  X-ray 
equipment,  automatic  synchronizers,  time  delay  relays,  cycle  splitters, 
protective  relays  for  power  systems,  automatic  regulators  of  voltage, 
speed,  frequency,  and  temperature,  register  regulators  for  printing  and 
cutting-off  machines,  tension  regulators,  colorimetric  regulators,  etc. 

The  numerous  wiring  diagrams  are  quite  complete  but  the  values 
of  resistance,  inductance  and  capacitance  are  not  given;  consequently 
the  reader  cannot  duplicate  these  circuits,  or  apply  them  directly 
without  doing  a  certain  amount  of  design  or  experimental  work.  In 
other  words  the  authors  give  the  fundamental  ideas  and  the  circuit 
schemes  that  have  proved  effective,  and  leave  the  reader  to  work  out 
the  specific  details  to  suit  his  own  particular  case.  This  is  probably 
as  far  as  any  writer  would  care  to  go  while  the  art  is  changing  as  rapidly 
as  it  is  at  present. 

The  bibliography  at  the  end  of  each  chapter  is  a  valuable  part  of 
the  book.     A  total  of  one  hundred  and  twenty-nine  references  are  given. 

'Associate  Professor  of  Electrical  Engineering,  McGill  University,  Montreal. 


Well-known  Toronto  Engineer  Dies 

William  Inglis,  president  and  general  manager  of  the  John  IngUs 
Company  Ltd.,  Toronto,  Ontario,  who  died  recently  was  an  affiliate 
of  the  Toronto  Branch  of  The  Institute. 

Mr.  Inglis  was  born  at  Guelph,  Ontario,  on  October  20th,  1867, 
and  in  1880  entered  his  father's  business,  Inglis  and  Hunt,  as  an  ap- 
prentice. In  1881  the  plant  was  moved  from  Guelph  to  Toronto, 
and  in  1890  Mr.  Inglis  was  admitted  to  the  firm  as  a  partner,  the 
name  being  changed  to  John  Inglis  &  Son.  After  the  death  of  John 
Inglis  in  about  1895,  Mr.  William  Inglis  became  the  directing  head 
of  the  company,  and  when  tlie  firm  was  incorporated  in  1903  as  the 
John  Inglis  Company,  Limited,  he  became  President.  Mr.  Inglis 
was  al.so  head  of  the  8.  Morgan-Smith-Inglis  Co.  Limited,  Toronto, 
and  of  Webster-Inglis  Limited,  Toronto,  and  was  a  director  of  Dufferin 
Paving  and  C 'rushed  Stone  Limited,  Toronto.  In  1933  and  1934 
Mr.  Inglis  was  president  of  the  ('anadian  National  Exhibition,  and  had 
been  a  director  for  many  years.  He  was  known  throughout  Canada 
as  a  skilled  expert  in  steel-plate  construction,  and  was  one  of  the  original 
Canadian  manufacturers  of  boilers,  tanks,  marine  buoys  and  similar 
plate  work. 

Mr.  Inglis  had  been  chairman  of  the  Ontario  Branch  of  the  Can- 
adian Manufacturers'  Association  and  always  took  a  leading  part 
in  the  affairs  of  that  organization  and  of  the  Toronto  Board  of  Trade 
of  which  he  had  long  been  an  executive. 


CORRESPONDENCE 

Dominion  Bridge  Company  Limited 

Lachine,  Que. 
To  The  Editor,  November  28th,  1935 

The  Enqineering  Journal, 

Dear  Sir, 

The  interim  repi  rt  of  the  Consolidation  Committee,  which  appears 
in  the  November  Journal,  nmst  be  disappointing  to  those  who  are  an- 
xious to  solve  the  problem  of  organization  of  the  Profession  of  Engineer- 
ing in  such  a  way  as  will  serve  the  public  and  at  the  same  time  be  of 
credit  and  advantage  to  the  engineers  themselves. 

The  Committee's  report  is  merely  a  summary  of  the  yeas  and  nays 
to  the  Questionnaire  and  it  gives  no  further  enlightenment  as  to  the 
main  principles  and  aims  underlying  ConscJidation.  Surely  some  of  the 
remarks  received  from  the  members  who  replied  to  the  Questionnaire 
bear  on  the  question  of  objective  and  are  worthy  of  consideration  by  the 
membership  at  large. 

The  correspondence  by  Mr.  Wheatley  in  the  same  issue  of  the 
Journal  and  that  of  Mr.  Pratley  in  the  July  number  is  more  useful  as  it 
brings  out  clearly  tw.)  divergent  views  on  the  general  question  of  re- 
organization of  the  Engineering  Profession.  IVfr.  Wheatley  bases  his 
arguments  on  the  recompense  to  which  the  individual  engineer  is  en- 
titled who  has  acquired  a  certain  amount  of  conventional  knowledge 
and  believes  in  c  inferring  upon  him  a  mark  oi  distinction  which  would 
carry  a  preference  in  obtaining  employment.  Mr.  Pratley,  on  the  other 
hand,  bases  his  arguments  on  the  profession's  responsibility  to  the  pub- 
lic by  making  the  license  a  genuine  mark  of  qualification  and  by  mak- 
ing the  Institute  the  path  of  advancement  in  the  science  of  engineering. 

It  becDmes  apparent  that  the  real  controversy  is  over  the  extent  to 
which  the  license  permits  its  holder  to  practise  engineering,  and  it  is 
therefore  the  duty  of  the  Committee  on  Consolidation  to  define  clearly 
what  it  desires  to  accomplish  by  means  of  the  license.  It  is  imperative 
that  it  should  be  decided  whether  this  is  possible  and  if  this  licensing 
will  benefit  both  the  engineer  and  the  public. 

That  there  is  need  for  licensing  of  engineers  may  be  conceded,  as 
very  few  will  deny  this  desirability.  Many  cf  us  go  even  farther  and 
believe  that  most  engineering  work  should  be  done  under  the  legal  re- 
sponsible charge  of  a  licensed  engineer  who  is  quite  independent  of  the 
commercial  side  of  the  undertaking;  but  there  are  differences  of  opinion 
as  to  what  the  licensing  is  to  accomplish.  It  must  certainly  be  of  some 
more  tangible  benefit  than  that  of  being  merely  a  title  or  permit  to  em- 
ployment. The  various  Provincial  governments  must  have  considered 
the  license  to  be  of  benefit  to  the  public  when  they  passed  laws  granting 
the  right  to  limit  the  practice  of  engineering  to  certain  qualified  persons, 
but  is  there  arly  valid  reason  for  licensing  an  employee  whc  se  employer  is 
responsible  for  his  doings? — especially  when  it  must  be  acknowledged 
that  an  employer  is  a  far  better  judge  of  the  fitnessof  the  employee  than 
a  board  of  examiners  none  of  whom  may  be  experienced  in  the  particular 
line  in  which  the  apphcant  seeks  to  be  employed.  The  university 
degree  carries  with  it  a  far  more  useful  indication  of  the  potential  value 
of  the  applicant  than  any  license  that  can  be  issued  by  an  examining 
body  of  the  present  organizations. 

Commercial  trading  is  not  a  profession  nor  dees  any  learned  pro- 
fession recognize  it  as  such;  therefore,  it  should  be  clearly  defined  as  to 
where  the  dividing  line  lies  between  engineering  as  a  trade  and  engineer- 
ing as  a  profession,  as  no  lasting  good  would  be  accomplished  by  a 
policy  which  refuses  to  see  that  all  engineering  is  not  professional. 
Engineering  is  so  closely  allied  to  trade  and  so  much  of  the  most  diffi- 
cult and  specialized  designing  is  performed  for  competitive  trading,  that 
to  debar  commercially  engaged  engineers  from  our  membership  would 
prove  fatal  and  exclude  the  greatest  source  of  usefulness  and  progress. 
It  is  felt  therefore  that  the  Institute  should  include  those  engineers 
who  are  engaged  for  trading  purposes,  but  that  the  license  should  be 
restricted  to  those  who  are  iminfluenced  and  untrammeled  by  commer- 
cial considerations. 

The  definition  of  the  exact  meaning  of  "practice"  and  also  of  the 
term  "rigid  strictly  professional  body"  applied  to  the  various  duties  per- 
formed by  engineers  would  help  to  clear  up  the  differences  of  opinion 
far  more  effectively  than  bemoaning  the  fact  that  we  are  not  as  other 
professions  are. 

The  whole  question  of  Consolidation  with  all  its  ramifications,  pre- 
sents a  very  grave  problem  to  those  engineers  who  hold  their  vocation  as 
something  more  serious  than  the  mere  means  of  gaining  a  livelihood. 
The  members  of  the  Institute  are  therefore  looking  hopefully  to  the 
Committee  on  Consolidation,  trusting  that  it  will  have  investigated  all 
those  controversial  matters  which  concern  their  moral  and  intellectual 
standing,  and  which  must  affect  the  usefulness  of  the  Institute.  It  is 
also  hoped  that  this  committee  will  present  the  result  of  such  investiga- 
ti  m  clearly,  explicitly  and  distinctly  to  the  membership,  before  recom- 
mending any  consolidation  plan  which  might  be  binding  for  many  years 
and  which  might  prove,  in  the  impossibility  of  its  c. insistent  application, 
to  be  an  unsatisfactory  disposition  of  the  privileges  which  the  Engineer- 
ing Institute  now  enjoys. 

Very  truly  yours, 

F.  P.  ShEARWOOD,  M.E.I. c. 
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BRANCH  NEWS 

Border  Cities  Branch 

C  F.  Davison,  A.M.E.I.C.,  Secretary-Treasurer. 
F.  J.  Ryder,  S.E.I.C.,  Branch  News  Editor. 

Friday  evening,  October  18th,  1935,  the  Border  Cities  Branch  held 
its  first  meeting  after  the  summer  adjournment,  with  twenty-two 
persons  present. 

J.  Boyd  Candlish,  a.m.e.i.c,  who  is  well  known  for  his  papers 
on  the  Diesel  engine  and  his  association  with  the  "Power  House" 
magazine,  was  the  speaker  for  the  evening,  his  subject  being  "Blended 
Fuels  for  Internal  Combustion  Engines." 

Blended  Fuels  for  Internal  Comhustion  Engines 

At  the  present  rate  of  using  crude  oil  for  power  engines,  Mr.  Cand- 
lish predicts  that  within  fifteen  to  twenty  years  the  supply  will  be 
diminished  to  the  point  where  the  price  will  be  so  high  as  to  make  it 
impractical  as  a  fuelifor  internal  combustion  engines.  At  the  present 
time  a  good  deal  of  discus.sion  and  research  is  being  carried  on  in  the  use 
of  blended  fuels  to  replace  gasoline.  This  work  is  not  new,  as  practically 
all  there  is  to  know  with  regard  to  the  hydro-carbon  group  of  alcohol - 
gasoline,  hydrogen-gasoline  and  acetylene-gasoline  was  uncovered 
prior  to  the  war. 

The  speaker  believed  that  the  subject  of  blended  fuels  will  become 
one  of  a  political  nature  in  the  near  future.  In  the  case  of  the  domestic 
market,  blended  fuels  will  use  up  surplus  grain  supplies  and  thus  aid 
the  farmers.  The  foreign  markets  trend  is  towards  blended  fuel  to 
save  importing  so  much  gasoline  and  to  maintain  a  favourable  trade 
balance. 

A  number  of  slides  giving  details  and  tables  of  actual  experiments 
by  Mr.  Candlish  were  then  shown.  In  all  cases  the  mixtures  used  were 
gasoline  and  mixtures  of  gasoline  with  5,  10,  15  and  20  per  cent  alcohol. 
First  tables  showed  the  theoretical  values  of  the  five  mixtures.  Other 
tables  gave  the  results  of  using  the  mixtures  in  a  standard  automotive 
engine  and  then  with  various  variations  in  the  design  of  engine  and  car- 
buretor adjustment.  The  general  conclusions  were  that  the  use  of 
blended  mixtures  in  present-day  engines  would  increase  driving  costs. 
However,  with  an  ideal  engine,  designed  to  take  full  advantage  of  the 
highest  useful  compression-ratio,  the  cost  of  mileage  to  the  motorists 
decreases  enough  to  more  than  take  care  of  increases  in  the  cost  of  fuel. 

With  the  use  of  alcoholic  mixtures  the  cork  parts,  etc.  would  have 
to  be  replaced  by  metallic  ones;  the  car  would  not  be  as  easy  to  start  as 
with  gasoline  owing  to  the  high  boiling  point  of  alcohol,  but  smoother 
running  would  be  obtained,  for  alcohol  is  a  good  doping  agent  against 
anti-knock;  as  for  its  effect  on  lubrication,  the  general  opinion  is  that 
the  blended  mixture  would  not  affect  it. 

A  very  interesting  discussion  followed,  with  suggested  sources, 
starting  qualities  and  substitutes  for  blended  mixtures  taking  the  main 
part.  T.  H.  Jenkins,  a.m.e.i.c,  commended  the  paper  highly  and 
moved  a  vote  of  thanks  to  Mr.  Candlish  which  was  extended  to  the 
speaker  by  the  Branch  chairman,  H.  J.  Coulter,  a.m.e.i.c. 

Edmonton  Branch 

R.  M.  Hardy,  S.E.I.C.,  Secretary-Treasurer. 

The  winter  activities  of  the  Edmonton  Branch  of  The  Engineering 
Institute  of  Canada  were  commenced  on  October  31st,  1935,  at  the 
Macdonald  hotel,  when  a  banquet  was  held  jointly  with  the  Edmonton 
members  of  the  Association  of  Professional  Engineers  of  Alberta,  and 
the  northern  Alberta  Branch  of  the  Canadian  Institute  of  Mining  and 
Metalltirgy,  in  honour  of  the  Right  Honourable  Sir  Montague  Barlow, 
Bart.,  P.C.,  K.B.E.,  etc..  Chairman,  Alberta  Coal  Commission;  the 
Honourable  Charles  C.  Ross,  r.p.e.,  m.e.i.c.  Minister  of  Lands  and 
Mines  of  the  Province  of  Alberta,  and  Mr.  William  Armour,  M.i.Min.E., 
Technical  Advisor  to  the  Alberta  Coal  Commission. 

F.  K.  Beach,  m.e.i.c,  chairman  of  the  Branch,  presided.  A  wel- 
come to  the  guests  was  extended  by  Mr.  F.  J.  Mitchell  on  behalf  of  the 
northern  Alberta  Branch  of  the  C.I.M.M.,  and  by  A.  W.  Haddow, 
a.m.e.i.c,  on  behalf  of  the  Association  of  Professional  Engineers. 
Other  speakers  included  J.  D.  Baker,  m.e.i.c,  W.  J.  Dick,  m.e.i.c, 
Dr.  J.  A.  Allan,  and  Mr.  John  Martland  who  brought  greetings  from  the 
Alberta  Association  of  Architects. 

Mr.  Armour,  speaking  as  one  cf  the  guests  and  as  a  native  of  Scot- 
land, gave  a  very  entertaining  talk  during  which  he  commented  on  the 
surprising  number  of  his  countrymen  who  held  responsible  positions  in 
the  coal  industry  of  this  province.  He  also  expressed  an  appreciation 
of  the  high  degree  of  skill  evident  in  the  fliining  operations  of  the 
province. 

Sir  Montague  Barlow,  as  principal  speaker  of  the  evening,  paid 
tribute  to  the  great  achievements  of  the  engineering  profession  in  the 
various  parts  of  the  Empire.  He  also  expressed  admiration  for  the 
accuracy  of  the  engineer's  figures,  the  elasticity  of  their  estimates,  and 
the  bigness  of  their  ideas.  Speaking  in  more  serious  vein,  he  referred 
to  the  great  problems  confronting  Canada  due  to  the  fact  that  it  is  a  land 
economically  geared-up  for  a  population  of  20,000,000  and  at  present 
has  only  one-half  of  this.  At  the  same  time,  he  said,  these  problems 
presented  great  opportunities  for  leadership  and  service  to  the  engi- 
neering profession  in  this  country. 


During  the  summer  months  the  activities  of  tlie  Branch  were 
as  usual  curtailed.  However,  a  very  pleasant  .social  gatlic^ring  was  held 
on  August  10th  when  the  members  and  their  families  where  the  guests 
of  the  Brancii  chairman,  F.  K.  Beacli,  m.e.i.c,  and  Mrs.  Beach  at 
their  summer  home  at  Kapasiwin  Beach. 

Hamilton  Branch 

A.  Love,  M.E.I.C,  Secretary-Treasurer. 
A.  B.  Dove,  Jr.E.I.C,  Branch  News  Editor. 

"Diesel  Engine  Design,  1897  to  1935,"  was  the  subject  of  a  talk 
given  by  E.  F.  Roberts,  general  manager  of  Jordan- lioberts  Sales  Ltd. 
1)1  Brantford,  to  the  Hauiiiton  Branch  on  the  evening  of  November 
rith,  1935.  Mr.  Roberts  gave  a  liistorical  sketch  of  the  Diesel  (  ngine 
and  explained  the  development  tiiat  had  taken  place  since  1897  and  the 
steps  taken  to  approximate  the  Carnot  heat  cycle  in  this  engine  which 
is  the  most  efficient  that  has  been  developed,  giving  up  to  35  per  cent 
efficiency. 

First  cost  per  horse  power  is  greater  in  the  large  units  than  in 
the  medium,  hence  the  reconmiendation  to  use  multiple  medium  size 
units  in  an  installation  rather  than  one  large  unit. 

Mr.  Roberts  showed  a  series  of  slides  illustrative  of  the  points 
he  dealt  with  such  as  PV  <  urves,  fuel  injection,  and  combustion  space. 
He  touched  on  the  semi-Diesel,  described  the  methods  of  starting, 
and  pointed  out  the  improvement  following  the  use  of  the  Comet 
head  which  cuts  down  the  exhaust  fumes. 

Aeroplane  Diesel  engines  are  now  made  of  1  pound  per  horse  power 
deadweight  and  2,200  r.p.m.  The  oil  fuel  required  for  this  engine 
does  not  incur  the  fire  hazard  of  the  gasoline  tank,  a  spacially  dangerous 
feature  in  aeroplanes  with  gas  engines. 

Many  tugs  on  the  Thames  are  now  Diesel  engined,  showing  many 
advantages  over  steam — one  engine  operator,  and  less  engine  and  fuel 
space  being  noticeable.  These  engines  are  reversible  and  easily  operated 
from  one  control  point. 

Moving  pictures  showed  the  w(  rk  dene  in  the  plant  nt  Stc  ckp(  rt 
where  the  "Mirrlees"  engine  is  made.  It  is  interesting  to  note  that 
the  first  Diesel  engine  made  in  Britain  by  Mirrlees  Watson  of  Glasgow 
in  1897,  is  still  operating  satisfactorily. 

In  the  automotive  industry  Diesel  engines  are  widely  used  in  trucks 
and  busses,  but  in  the  passenger  car  certain  problems  have  to  be  over- 
come. The  car  driver  of  to-day  must  have  an  engine  that  will  start 
easily,  that  will  run  without  vibration  at  all  speeds,  and  that  wil! 
operate  over  a  wide  range  of  temperatures  without  a  falter,  and  this 
is  asking  a  great  deal  of  a  high  compression  oil  fuel  engine. 

After  the  lecture,  questions  were  asked,  some  involving  technica! 
points,  which  Mr.  Roberts  kindly  explained. 

D.  W.  Callander,  a.m.e.i.c,  moved  a  vote  of  thanks,  which  was 
heartily  accorded  the  speaker. 

The  meeting  was  held  in  the  Science  building,  McMaster  Univer- 
sity. There  were  about  sixty  present.  Mr.  Holl'ngworth  occupied  the 
chair,  and  at  the  close  announced  that  the  following  meeting  on  Decem- 
ber 9th  would  take  the  form  of  a  Students  contest,  five  students  or 
juniors  having  promised  papers.  Refreshments  were  enjoyed  in  an 
adjoining  room. 

Lethbridge  Branch 

E.  A.  Lawrence,  S.E.LC,  Secretary-Treasurer. 

Forty-three  members  and  guests  of  the  Lethbridge  Branch  visited 
the  sugar  factory  at  Picture  Butte  on  Saturday,  ( )ctober  26th,  1935. 

The  inspection  began  with  a  trip  to  the  large  storage  reservoir, 
north  of  the  town,  which  has  a  capacity  of  1,390  acre-feet  of  water.  The 
dam  is  7,000  feet  long,  163^  feet  high  and  rip-rapped  with  rock  over  h 
gravel  bed  on  the  inside  slope.    Underneath  the  dam  is  a  clay  core  vfiiA 
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View  from  Canadian  Sugar  Factories,  Picture  Butte,  Alta. 
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16  feet  deep  for  under  drainage.  The  main  water  line  from  the  reservoir 
to  the  factory  is  3,300  feet  long,  constructed  oi  20-inch  wood  stave  pipe. 

The  groups  then  inspected  the  various  jobs  going  on  about  the 
factory  site. 

Dinner  was  served  in  the  company's  dining  hall  at  6  p.m.,  W.  L. 
McKenzie,  a.m.e.i.c,  chairman  of  the  Branch,  gave  a  short  address 
of  welcome,  following  which  Mr.  I.  B.  Tucker  made  a  short  speech. 
Commimity  singing  was  enjoyed,  ably  led  by  Wm.  Meldrum,  a.m.e.i.c. 
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Visit  to  Canadian  Sugar  Factories  Plant. 

C.  S.  Clendening,  a.m.e.i.c,  introduced  the  speaker  of  the  evening, 
Mr.  C.  Bentall,  president  of  the  Dominion  Construction  Company. 

In  opening  his  remarks,  Mr.  Bentall  stated  that  foundations  are  a 
primary  consideration.  First  the  financial  foundation;  and  the  B.C. 
Sugar  Ilefining  Company  and  the  Canadian  Sugar  Factories  are  capable 
of  carrying  a  fair  load  in  this  respect.  Secondly  the  human  factor;  and 
the  company  has  shown  that  it  has  the  welfare  of  its  employees  at  heart, 
in  shortening  hours,  pensioning  schemes,  keeping  up  employment  and 
wages,  not  at  the  expense  of  the  public,  but  through  increased  efficiency. 

In  building  a  sugar  factory  choice  of  a  site  is  important.  The  final 
choice  in  this  case  rested  between  Diamond  City  and  Picture  Butte, 
and  on  April  19th,  it  was  decided  to  build  at  the  latter  location. 

Some  of  the  factors  considered  were:  central  to  the  beet  growing 
area  on  the  L.N.I.D.,  water  storage  facilities  and  length  of  pipeline 
from  the  reservoir,  waste  and  waste  water  disposal,  length  of  railway 
connection  and  availability  of  good  sand  and  gravel. 

On  May  13th,  pile  driving  commenced  and  752  B.C.  fir  piles  were 
driven  under  the  bulk  storage  bins  with  a  penetration  of  from  13  to 
18  feet. 

Following  the  taking  of  soil  tests  the  footings  were  laid;  these  being 
designed  for  a  load  of  4,000  pounds  per  square  foot.  Thus  the  footings 
under  the  high  sugar  end  which  will  carry  a  load  of  350  tons,  are  13 
feet  2  inches  square. 

There  are  seven  railway  lines  on  the  factory  site,  totalling  5,000 
feet. 

The  beet  storage  occupies  an  area  300  feet  by  400  feet  and  has  seven 
concrete  beet  flumes  leading  into  the  factory. 

The  factory  is  a  steel  frame  structure,  with  brick  walls  and  con- 
crete floors,  and  the  roofs  are  made  of  a  fireproof  and  weatherproof 
roofing  called  Transite,  which  is  composed  of  concrete  and  asbestos. 

The  machine  shop  is  well  equipped  and  above  this  shop  is  the 
store-room.  The  office  building  is  a  three-storey  structure  and  in  the 
basement  is  the  heating  plant,  showers,  wash-room  etc.;  on  the  first 
floor  the  general  office  and  on  the  top  the  laboratory. 

There  will  be  a  power  house,  filtration  plant  and  boiler  house. 
Electrical  power  is  used  for  most  of  the  machines.  Steam  for  the  process 
work  of  the  factory  will  be  supplied  by  two  boilers  consuming  some 
10,000  tons  of  slack  coal  a  year. 

The  packing  room  is  a  high  building  and  the  sugar  will  be  taken 
to  the  top  of  this  building  and  distributed  to  the  various  packing 
machines  by  gravity.  In  this  building  are  also  the  beet  seed  and  material 
warehouses. 

The  bulk  storage  is  the  second  largest  on  the  continent,  and  consists 
of  six  conical  cylinders,  33  feet  in  diameter  and  85  feet  high,  lined  with 
two  layers  of  7/16  fir  separated  by  wax  paper  and  kept  away  from  the 
concrete  walls  by  2  by  2  inch  sticks. 

The  pulp  silo  is  large,  lined  with  timber  and  has  car  loading  facilities. 

About  the  whole  project  is  an  air  of  permanence  and  real  efficiency 
and  comfort. 

J.  B.  Dellart,  m.e.i.c,  with  a  few  well-chosen  words  thanked 
Mr.  Bentall,  his  staff  and  the  Sugar  Company  for  an  excellent  after- 
noon's entertainment.  The  vote  of  thanks  was  tendered  by  Mr.  Mc- 
Kenzie and  heartily  endorsed  by  all  present. 

Mr.  W.  T.  Hill  spoke  on  behalf  of  the  Lethbridge  Board  of  Trade 
and  Mayor  D.  H.  Elton  on  behalf  of  the  city  of  Lethbridge. 


London  Branch 

S.  G.  Johre,  A.M.E.I.C,  Secretary-Treasurer. 
J.  R.  Rostron,  A.M.E.I.C,  Branch  News  Editor. 

The  Association  of  Professional  Engineers  of  Ontario  held  their 

October  meeting  at  the  Hotel  London  in  this  city,  on  October  25th, 

1935,   and,   as  a  cordial   invitation   was  extended  to  all  professional 

engineers  in  this  district  and  to  members  of  the  London  Branch  of 

The    PJngineering    Institute    of    Canada,    no    regular 

monthly  meeting  of  the  London  Branch  was  held. 

The  Council  of  the  Assc  ciaticn  held  their  business 
sessicn  in  the  morning,  and  the  members  of  the  Associa- 
tion and  of  The  Institute  asseinbled  at  the  London 
Hunt  and  Country  Club  for  luncheon,  by  the  kind 
invitation  of  Colonel  I.  Leonard,  m.e.i.c. 

The  luncheon  was  nmch  enjoyed  and  thoroughly 
ai)preciated  as  it  formed  a  good  "get  together"  meeting. 
It  was  a  fine  day  and  some  of  the  members  spent 
the  afternoon  in  a  game  of  golf  while  others  were 
driven  to  various  places  of  interest  in  and  around  the 
city. 

A  full  dinner  meeting  was  held  at  the  hotel  at  7 
p.m.,  the  president,  J.  Clark  Keith,  a.m.e.i.c,  taking 
the  chair.  Proceedings  were  opened  by  the  chairman 
who  stated  that  the  purp<  se  of  the  meeting  was  to 
obtain  the  views  and  suggestions  of  the  local  engineers 
and  members  of  the  Ass(  ciation  with  regard  to  the 
.  matter  of  the  proposed   organization  of  the   various 

i'rovinrial  Associations  of  Professional  Engineers,  with 
the  ultimate  view  of  combining  them  with  The  En- 
gineering Institute  of  Canada.  He  called  upon  Col. 
I.  Lecmard,  past-president,  and  upon  A.  Crealock, 
m.e.i.c,  to  say  what  had  been  accomplished  in  this 
direction,  and  also  the  present  state  of  affairs. 

This  was  done  very  clearly  by  these  gentlemen  and 
the  meeting  was  then  thrown  open  by  the  chairman 
for  the  expressions  of  opinions  and  suggestions  of  the  members. 

Amongst  those  who  spoke  were  Professor  Graham  (Mining,  Queens 
University),  Mr.  W.  H.  Riehl  (City  Engineer,  Stratford),  Mr.  Brodsky 
(Brantford),  Mr.  E.  T.  Sterne,  Professor  R.  W.  Angus,  m.e.i.c. 
(Mechanical  Engineering,  Toronto  University),  E.  V.  Buchanan, 
m.e.i.c  (Manager,  PubUc  Utilities  Commission,  London),  and 
J.  R.  Rostron,  a.m.e.i.c 

Approval  of  the  continuance  of  the  Committee  of  Eight  was 
voiced  and  the  suggestions  ran  along  the  lines  of  standardization  of 
qualifications  for  admission  to  all  the  Provincial  Associations  together 
with  uniform  legislation  for  each  province  as  a  preliminary  to  combining 
the  Association  and  The  Institute. 

A  mention  was  also  made  of  sub-dividing  the  Associations  into 
separate  bodies  for  each  class  of  engineering  such  as  civil,  mechanical, 
electrical,  mining,  etc.,  while  still  being  under  the  one  head. 

Many  useful  hints  along  these  lines  were  given  and  no  doubt  the 
Committee  of  Eight  will  consider  them. 

The  meeting  concluded  with  votes  of  thanks  to  the  chairman, 
Col.  I.  Leonard,  and  Mr.  A.  Crealock. 

Montreal  Branch 

C  K.  McLeod,  A.M.E.I.C,  Secretary-Treasurer. 
The  Evolution  of  the  War  Ship 

On  October  10th,  1935,  Engineer  Commander  A.  D.  M.  Curry, 
R.C.N. ,  M.E.I.C,  Director  of  Naval  Engineering,  Department  of  National 
Defence,  gave  a  most  interesting  talk  on  the  evolution  of  the  war  ship, 
with  particular  reference  to  the  developmenis  following  the  early  intro- 
duction of  steam.  The  address  was  illustrated  by  a  series  of  excellent 
slides,  covering  ships  and  equipment  used  since  the  earliest  days  of  the 
British  Navy. 

F.  S.  B.  Heward,  a.m.e.i.c,  acted  as  chairman. 

Voices  Across  the  Sea 

On  October  15th,  1935,  Dr.  J.  O.  Perrine,  Associate  Editor  of  the 
Bell  System  Technical  Journal,  delivered  an  exceedingly  interesting 
lecture  before  members  of  the  Montreal  Branch  of  The  Institute  and  the 
Sigma  Chi  Society,  at  Moyse  Hall,  McGill  University. 

Speech  wa.s  shown  to  be  made  up  of  a  series  of  component  waves 
which  could  be  .seen  in  action,  and  by  the  aid  of  slides  and  electrical 
equipment  the  sound  of  the  human  voice  was  analyzed  from  the  time  it 
left  the  mouth  to  the  impulse  on  the  auditory  nerve  leading  to  the 
brain  of  the  listener.  The  entire  audience  listened-in  on  a  conversation 
between  two  people  in  Moyse  Hall  and  Dr.  A.  S.  Eve,  of  McGill,  and 
A.  E.  Barney  of  the  American  Telephone  and  Telegraph  Company,  both 
in  London,  England.  The  talk  was  illustrated  with  lantern  slides  and 
equipment. 

The  chairman  was  Dean  Ernest  Brown,  m.e.i.c 

A  National  Slum  Clearance  and  Housing  Programme 
On  October  17th,  1935,  Mr.  James  H.  Craig,  a  Toronto  architect 
spoke  on  the  above  subject,  describing  Canadian  conditions  and  out- 
lining a  scheme  whereby  unemployment  could  be  relieved  by  a  national 
project  of  this  nature.  Suggestions  were  made  for  the  financing  of  such 
a  project. 
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Prior  to  the  meeting  a  dinner  was  held  at  the  Windsor  hotel. 
(j.  McL.  Pitts,  A.M.E.I.C.,  was  in  the  chair. 

Direct  Current  Transmission 

On  October  23rd,  1935,  Mr.  C.  W.  Stone,  consulting  engineer 
of  the  General  Electric  Company,  Schenectady,  N.Y.  gave  an  interest- 
ing paper  and  demonstration  on  the  development  of  direct  current 
transmission.  This  system  places  full  control  in  the  hands  of  the 
operator  who  can  at  all  times  control  not  only  the  amount  of  power 
flow  but  its  direction. 

Previous  to  the  lecture  an  informal  dinner  was  held  in  the  Windsor 
hotel.  Dr.  F.  A.  Caby,  m.e.i.c,  President  of  The  Institute,  was 
chairman. 

Junior  Section 

On  October  28th  two  papers  were  presented  before  the  Junior 
Section,  one  by  E.  R.  Smallhorn,  a. m.e.i.c,  on  Junior  Section  Activities, 
and  the  other  by  T.  R.  Durley,  Jr.E.i.c,  on  "Kilns  and  Cement  Burn- 
ing." 

Alex.  Shearwood,  s.e.i.c,  was  in  the  chair. 

Nickel  and  Its  Alloys 
T.  11.  Wickenden,  assistant  manager  of  the  Development  and 
Research  Department  of  the  International  Nickel  Company,  Inc., 
New  York,  on  October  31st  gave  a  historical  survey  of  the  develop- 
ment, application  and  uses  of  nickel  and  its  alloys.  The  talk  was 
illustrated  with  motion  pictures  and  consisted  of  a  review  of  the  nickel 
industry  and  interesting  statistics  of  industrial  applications.  The 
chairman  was  R.  S.  Eadie,  a. m.e.i.c 

Methods  of  Power  Factor  Correction 
British  methods  of  power  factor  correction  were  explained  by 
Mr.  B.  M.  Burt,  chief  engineer  of  Bepco  Canada  Limited,  on  November 
4th.  The  talk  dealt  not  only  with  synchronous  motors  and  con- 
densers but  with  auto-synchronous  motors,  phase  advancers  and 
compensated  induction  motors.  Walter  J.  Armstrong,  m.e.i.c,  was 
in  the  chair. 

Niagara  Peninsula  Branch 

P.  A.  Dewey,  A. M.E.I.C,  Secretary-Treasurer . 
C.  G.  Moon,  A. M.E.I.C,  Branch  News  Editor. 

The  Niagara  Peninsula  Branch  held  a  dinner  meeting  at  the  King 
Fdward  hotel,  Niagara  Falls,  on  October  22nd,  1935,  at  which  Mr.  O.  W. 
Titus,  chief  electrical  engineer  of  the  Canada  Wire  and  Cable  Company, 
was  the  speaker. 

Although  Mr.  Titus  dealt  principally  with  the  transmission  line 
and  electrical  conductors,  he  prefaced  his  talk  with  some  broad  general 
details  of  the  development  along  the  Colorado  river  and  showed  several 
films  illustrating  the  project,  as  well  as  the  spinning  of  the  new  type  HH 
conductor,  the  mechanical  details  of  which  were  explained  by  Mr. 
H.  B.  Carnahan. 

Paul  E.  Buss,  a. m.e.i.c,  was  in  the  chair,  and  vice-chairman  G.  H. 
Wood,  A. M.E.I.C,  introduced  the  speaker  as  an  old  friend,  who  had 
served  part  of  his  apprenticeship  in  the  Niagara  district. 

Ottawa  Branch 

F.  C  C  Lynch,  A. M.E.I.C,  Secretary-Treasurer. 
From  Sail  to  Steam  in  the  Royal  Navy 

The  course  of  British  naval  development  from  the  crude  ships 
of  the  early  Britons  to  the  fighting  Heating  machines  of  the  present  day 
was  graphically  traced  by  Engineer-Commander  A.  D.  M.  Curry, 
m.e.i.c,  of  the  Royal  Canadian  Navy,  in  an  Ulustrated  evening  lecture 
held  by  the  Ottawa  Branch  at  the  auditorium  of  the  National  Research 
Laboratories  on  October  29th,  1935.  Dr.  R.  W.  Boyle,  m.e.i.c,  chair- 
man of  the  Branch,  presided  at  the  meeting  which  was  the  opening 
event  of  the  fall  and  winter  season.  To  this  meeting  the  general  public, 
including  the  ladies,  were  specially  invited  and  there  was  a  good  at- 
tendance. 

The  remarkable  advances,  in  particular  during  the  past  century, 
were  elaborated  upon  by  the  speaker  including  the  introduction  of  iron 
and  then  of  steel  in  place  of  wood  construction,  the  substitution  of  steam 
power  for  sails,  using  first  the  paddle  wheel  and  then  the  screw  propeller, 
and  of  various  types  of  engines  leading  up  to  the  efficient  types  of  today. 
During  the  past  half  century,  it  was  revealed,  the  size  of  the  modern 
battleship  has  been  quadrupled  and  its  speed  doubled. 

Dr.  Boyle,  previous  to  introducing  the  speaker,  referred  to  the 
great  loss  sustained  by  The  Institute  and  by  the  engineering  profession 
generally  in  the  death  on  the  previous  day  of  Noulan  Cauchon,  a.m  E.i.f 
Mr.  Cauchon  had  been  a  chairman  of  the  Branch,  had  held  other  office  s 
in  The  Institute,  and  was  one  of  its  outstanding  members. 

Quebec  Branch 

Jules  Joyal,  A. M.E.I.C,  Secretary-Treasurer. 

Depuis  son  assemblee  annuelle  du  20  mai  1935,  la  Section  de 
Quebec  a  tenu  trois  reunions  gen6rales  de  ses  membres  comme  suit: — 


VisiTE  Au  Camp  Valoaktier 

Cette  visite  eut  lieu  le  15  juin  dernier;  M.  Alex  Larivi^re,  m.e.i.c, 
pr6sidait  k  cette  r6union  des  membres  qui  furent  conduits  sur  les  lieux 
par  le  Lt.-Col.  J.  B.  Dunbar,  a. m.e.i.c,  et  le  Capt.  A.  J.  Kerry, 
A. M.E.I.C,  tous  deux  membres  de  notre  section  et  attach<is  au  service 
du  district  militaire  No  5. 

Au  cours  de  cette  visite  nos  membres  ont  rencontre  tous  les  officiers 
du  camp,  entre  autres  deux  de  leurs  confr6res  dont  I'un,  M.  C.  B.  Bate, 
A. M.E.I.C,  est  ing6nieur  en  charge  du  projet  Valcartier  et  I'autre, 
M.  G.  D.  O'Connor,  a. m.e.i.c,  est  en  charge  de  la  fabrication  des 
blocs  de  ciment  servant  a  la  confection  des  murs  des  diverses  construc- 
tions. 

A  Valcartier  Ton  est  h,  6riger  un  groupe  de  bfttisses  destinies  k 
remplacer  la  fabrique  de  cartouches  qui  est  actuellement  pres  du  manage 
militaire  de  Qu6bec;  de  plus  on  y  construit  des  huttes  qui  serviront 
plus  tard  aux  fins  d'entrainement  militaire  et,  entre  temps,  ces  huttes 
sont  occupies,  des  leur  completion,  par  les  chomeurs  concentres  au 
camp  Valcartier. 

Ces  constructions  entralnent  beaucoup  d'autres  travaux  tels  que 
chemins,  lignes  de  transmission,  aqueduc,  egouts,  etc.;  en  autant  que 
possible  ces  travaux  sont  executes  manuellement  et  avec  des  mat6- 
riaux  puises  dans  les  limites  memes  du  camp. 

Tous  ceux  qui  ont  pris  part  a  cette  excursion  ont  6t6  vivement 
interess6s  et  Monsieur  A.  Lariviere,  m.e.i.c,  president  de  notre  section, 
se  fit  leur  interprete  pour  remercier  le  Lt.-Col.  Dunbar  et  tous  les 
autres  officiers  du  camp  pour  1' instructive  visite  qu'ils  leur  avaient 
fourni  I'occasion  de  faire  et  pour  leur  cordial  accueil  aux  visiteurs. 

Reunion  Gen£:rale 
Deux  jours  plus  tard,  soit  le  17  juin  dernier,  nos  membres  se 
reunissaient  de  nouveau,  dans  une  salle  du  Chateau  Frontenac,  pour 
considerer  le  questionnaire  soumis  par  le  "Committee  on  Consolida- 
tion" et  repondre  aux  questions  qui  y  ^taient  poshes;  cette  reunion 
ctait  presidee  par  Monsieur  Lariviere  et  les  rdponses  de  notre  section 
au  questionnaire  ont  etc  transmises  a  qui  de  droit. 

Visite  a  la  Rock  City  Tobacco  Company  Limited 

Le  24  octobre  dernier,  nous  avions  la  bonne  fortune  de  visiter 
I'une  des  plus  grandes  industries  de  la  cite  de  Quebec,  la  Rock  City 
Tobacco  Co.,  Ltd.;  aimablement  regus  par  M.  A.  C.  Picard,  vice- 
prdsident  de  la  rompagnie,  les  visiteurs  ont  fait  le  tour  de  I'^tablisse- 
ment  en  compagnie  de  quelques  officiers  de  la  Rock  City  et  c'est  ainsi 
qu'ils  ont  pu  suivre,  avec  de  nombreux  renseignements,  les  difTerentes 
phases  par  lesquelles  passe  le  tabac  avant  d'etre  mis  sur  le  march6 
sous  forme  de  tabac  a  fumer  ou  k  chiquer,  de  cigarettes,  cigars,  etc. 

Les  machines  qui  servent  aux  differentes  operations  sont  fort 
interessantes  a  voir  fonctionner,  particulierement  celles  qui  servent  k 
la  mise  en  paquets  du  tabac  de  meme  que  celles  qui  servent  k  la  fabrica- 
tion des  cigarettes  et  a  leur  empaquettage. 

Cette  vi.site  fut  des  plus  interessantes  et  en  I'absence  du  president 
de  notre  section,  son  vice-president,  Monsieur  T.  J.  F.  King,  a. m.e.i.c, 
adressa  k  Monsieur  Picard  et  aux  autres  officiers  de  la  compagnie  des 
paroles  de  remerciements  sinceres  tant  pour  I'aimable  invitation  de 
visiter  leur  usine  que  pour  le  chaleureux  accueil  fait  aux  visiteurs. 

Avant  de  partir  chacun  fut  cordialement  prie  de  prendre,  sur  une 
table  charg^e  a  profusion  des  produits  de  la  compagnie,  un  ^chantillon 
k  son  choix;  tous  se  rendirent  a  cet  appel  genereux  qui  mettait  fin  k 
une  reunion  instructive  organisee  par  M.  Theo.  M.  Dechene,  a. m.e.i.c, 
membre  de  notre  Comite  d' Excursions. 

Sault  Ste.  Marie  Branch 

H.  0.  Brown,  A. M.E.I.C,  Secretary-Treasurer. 

The  Sault  Ste.  Marie  Branch  held  the  October  monthly  meeting 
at  the  Windsor  hotel,  Sault  Ste.  Marie,  Ont.,  on  Friday  evening, 
October  25th,  1935. 

As  the  evening  meeting  was  to  be  an  open  one  for  members  and 
guests  from  the  various  local  industries,  the  business  meeting  was  held 
at  6.15  with  chairman  Frank  Smallwood,  m.e.i.c,  presiding.  Follow- 
ing the  business  meeting  dinner  was  served  at  6.45  when  fifty-four 
members  and  guests  sat  down. 

Roller  Bearings 
At  8  p.m.  the  meeting  was  turned  over  to  Mr.  J.  L.  Young,  assistant 
general  manager  of  the  Timken  Roller  Bearing  Company  of  Canton, 
Ohio.  Mr.  Young  gave  a  brief  history  of  the  development  of  the  Timken 
roller  bearing  from  the  tapered  waggon  and  buggy  wheel 
bearing.  Then  a  brief  review  was  given  of  the  introduction  of  these 
roller  bearings  into  various  industries  which  required  the  manufacture 
of  larger  and  larger  sizes  until  now  bearings  of  3  and  4  tons  are  in 
service. 

Then  followed  a  series  of  moving  pictures  illustrating  the  use  of 
roller  bearings  in  various  industries.     These  pictures  included; 

Goss  Printing  Press  of  the  Chicago  Tribune. 

Otis  Steel  Corporation — hot  and  cold  strip  mills. 

Inland  Steel  Corporation — hot  strip  mill. 

Timken  equipped  locomotives. 

Carnegie  Steel  Company — 52-inch  beam  mill. 

Champion  Coated  Paper  Co. — paper  mills. 
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In  addition  to  the  above  some  scenic  coloured  moving  pictures 
were  shown  to  illustrate  the  wonderful  colour  effect  that  can  be  obtained 
with  this  recent  development. 

A  very  hearty  vote  of  thanks  was  extended  to  Mr.  Young  for  his 
talk  and  the  moving  pictures  presented. 

Toronto  Branch 

W.  S.  Wilson,  ALE.  I.e.,  Secretary-Treasurer. 
N.  MacNicol,  M.E.I.C.,  Branch  News  Editor. 

Some  Problems  of  Transportation 

Cn  Thursday,  October  17th,  1935,  a  luncheon  meeting  was  held 
at  the  Royai  York  hotel.  There  were  approximately  ninety  present  to 
hear  a  paper  given  by  Dr.  F.  A.  Gaby,  m.e.i.c,  on  "Some  Problems  of 
Transportation." 

Dr.  Gaby  referred  to  the  many  complications  in  the  transport 
problem  outside  the  control  of  the  industry  itself.  The  advent  and 
in  provement  of  the  internal  combustion  engine  has  been  one  of  the 
greatest  factors  in  the  development  of  modern  forms  of  transport. 
Economic  causes  have  had  a  considerable  influence,  particularly  im- 
portant being  the  effects  of  the  trade  depression  on  the  heavy  indus- 
tries. Motor-vehicle  registrations  in  Canada  have  increased  from  535 
in  1904  to  1,129,532  in  1934.  During  the  same  period  improved  high- 
ways have  been  rapidly  extended  until  in  1934  there  was  a  total  invest- 
n  ent  in  provincial  highways  throughout  Canada  of  204  million  dollars, 
representing  35  per  cent  of  the  entire  provincial  indebtedness. 

He  also  referred  to  the  increasing  use  of  Diesel  engines  for  economy 
in  fuel  consumption,  both  by  railways  and  truck  operators.  Conditions 
in  United  States,  Europe,  England  and  Ireland  were  referred  to.  The 
rapid  strides  being  made  in  air  transport  was  also  mentioned. 

The  speaker  was  of  the  opinion  that  in  a  properlj'  co-ordinated 
transport  system,  the  railway  should  assume  the  main  burden  of  car- 
riage of  goods  over  distances  exceeding  100  miles,  and  the  trucks  should 
operate  as  collectors  and  distributors  of  freight. 

A  hearty  vote  of  thanks  to  Dr.  Gaby  was  moved  by  Colonel  C.  S.  L. 
Hcrtzberg,  m.e.i.c.  W.  E.  Bonn,  m.e.i.c,  chairman  of  the  Branch, 
presided  at  the  meeting. 

Aircraft  Development  in  Europe 

On  Thursday  evening,  November  7th,  1935,  a  meeting  was  held 
at  Hart  House,  at  which  there  were  approximal^ely  one  hundred  and 
twenty-five  present  to  hear  an  address  by  Professor  T.  R.  Loudon, 
m.e.i.c,  on  "Aircraft  Development  in  Europe." 

The  lecture  was  well  illustrated  by  slides  showing  the  many  types 
of  aeroplanes  now  in  use  in  Europe  and  the  number  of  regular  air-routes 
extending  many  thousands  of  miles.  Professor  Loudon  outlined  the 
rapid  growth  taking  place  in  air  transport  in  many  European  countries, 
and  stated  that  it  was  now  possible  to  make  the  trip  from  Croydon  field 
to  Africa  and  return,  a  distance  of  2,300  miles,  in  one  day.  During  the 
last  week  of  July  1935,  31,146  passengers  were  carried  from  Croydon 
field  to  Paris. 

The  speaker  also  referred  to  the  splendid  meteorological  service  in 
Europe  giving  accurate  up-to-the-minute  weather  reports  to  all  aero- 
dromes. Pictures  were  shown  of  large  wind  tunnels  built  in  United 
States  and  England  for  testing  and  research  on  full  size  aeroplanes. 

After  completion  of  his  paper.  Professor  Loudon  gave  a  brief  talk 
on  impressions  received  in  England,  Belgium  and  Germany  during  a 
trip  made  last  summer.  A  hearty  vote  of  thanks  was  moved  by  J.  M. 
Oxley,  m.e.i.c. 

Winnipeg  Branch 

J.  F.  Cunningham,  A. M.E.I.C,  Secretary-Treasurer. 
H.  L.  Briggs,  A. M.E.I.C,  Branch  News  Editor. 

The  Flow  of  International  Rivers  into  Manitoba 
A  paper  of  considerable  interest  was  presented  on  October  17th, 
19:^5,  by  Professor  Elwyn  F.  Chandler,  Member  A.S.C.E.,  hydraulic 
engineer,  U.S.  Geological  Survey,  Professor  of  Civil  Engineering  and 
Dean  Emeritus  of  the  College  of  Engineering,  University  of  North 
Dakota,  Grand  Forks,  on  the  above  subject. 

The  runoff  of  a  watershed  is  the  remainder  of  the  precipitation 
left  after  evaporation  and  transpiration  have  taken  their  share.  In 
.Manitoba,  Saskatchewan  and  North  Dakota  it  is  the  remainder, 
if  any.  For  this  area,  the  annual  rainfall  measured  in  inches,  minus 
20  inches  for  evaporation  and  transpiration,  closely  equals  the  runoff, 
'fhcrefore  the  runoff  varies  widely,  even  though  the  total  annual  rain- 
fall ill  this  area  alinost  never  varies  more  than  50  per  cent  above  or 
f)clow  the  long  term  average. 

I'Vjr  fifty-three  years,  the  Red  river  at  Grand  Forks  had  a  maximum 
total  recorded  flow  for  any  one  year  (1882  and  1916)  2,^  times  the 
norma!  long  period  average,  and  a  minimum  total  recorded  flow  (1934) 
as  low  as  one-tenth  the  average.  The  similar  variations  in  the  Pembina 
at  Neche,  N.D.,  are  maximum  (1904)  4  times  the  average,  and  min- 
imum (1915)  one-seventh  the  average.  For  the  Souris  river  at  Minot, 
the  maximum  (1904)  was  5  times  the  average,  the  minimum   (1931) 


one-one  hundredth  of  the  average.  The  rates  of  flow  show  extremes 
for  the  Red  at  Grand  Forks  of  42,400  c.f.s.  (1897)  and  20  c.f.s.  (1934); 
for  the  Pembina  3,850  c.f.s.  (1904  and  1913)  and  1  c.f.s.  (1925);  for  the 
Souris  12,000  c.f.s.  (1904)  and  zero  c.f.s.  (frequently). 

Intensive  drainage  has  increased  both  runoff  and  speed  of  runoff. 
On  the  other  hand,  the  plowing  up  of  the  land,  thereby  breaking  up 
the  hard  surfaced  native  buffalo  prairie,  has  increased  the  receptivity 
of  the  land  to  the  rainfall,  thereby  diminishing  runoff. 

An  excellent  opportunity  for  a  combined  storage  and  flood  pre- 
vention reservoir  exists  at  Red  Lake,  Minnesota.  This  lake  has  an 
area  of  440  square  miles.  If  the  upper  6  feet  of  level  were  controlled 
by  a  dam,  then  3  feet  could  be  used  for  storage  and  3  feet  for  flood  pre- 
vention, which  could  be  operated  to  reduce  the  largest  floods  on  the  Red 
river  by  al)out  one  foot  at  Grand  Forks. 

Those  taking  part  in  the  discussion  which  followed  included  T.  C. 
Main,  a. m.e.i.c,  D.  L.  McLean,  a. m.e.i.c,  C.  H.  Attwood,  a. m.e.i.c, 
J.  T.  Rose,  a. m.e.i.c,  and  C.  P.  Haltalin,  a. m.e.i.c.  A  vote  of  thanks 
proposed  by  Dean  E.  P.  Fethorstonhaugh,  m.e.i.c,  was  heartily  con- 
curred in  by  the  large  audience. 


Ontario  Supreme  Court  Decision  of  Interest 
to  Engineers 

A  Supreme  Court  decision  affecting  the  engineering  profession  in 
Ontario  has  been  rendered  by  Mr.  Justice  Kingstone,  in  dismissing  a 
motion  to  compel  the  granting  of  a  membership  in  the  Ontario  Associa- 
tion of  Professional  Engineers. 

The  case  arose  out  of  the  predicament  of  an  Ontario  engineer,  a 
non-member  of  the  Provincial  Association,  who  moved  to  the  United 
States  and  sought  registration  in  that  country.  This  was  denied  him 
unless  he  could  show  membership  in  the  Ontario  association  or  unless  he 
abandoned  his  Canadian  citizenship.  Accordingly  he  applied  for 
registration  in  the  Ontario  association.  Membership  had  been  open  to 
him  during  his  years  of  residence  in  Ontario  but  he  had  postoned 
application.  When  he  applied  in  Ontario  while  a  resident  of  the  United 
States,  his  application  was  refused  by  reason  of  the  restriction  of  mem- 
bership in  the  Ontario  association  to  residents  of  the  province. 

The  engineer  took  proceedings  in  the  Supreme  Court  of  Ontario 
to  compel  registration,  contending  that  Section  12  of  the  Professional 
Engineers'  Act  did  not  require  residence  in  Ontario.  The  court  disa- 
greed with  him  and  dismissed  his  proceedings,  holding  that  no  engineer 
could  acquire  membership  in  the  association  unless  he  resided  in  On- 
tario at  the  time  of  his  application. 

Gasoline  Losses  from  Storage  Tanks 

Two-thirds  of  the  gasoline  losses  from  unprotected  storage  tanks 
can  be  avoided  by  covering  the  tank  with  aluminum  paint  or  whitewash 
and  even  greater  savings  can  be  effected  by  insulating  the  parts  of  the 
tank  exposed  to  the  sun,  according  to  a  report  recently  issued  from  the 
Division  of  Research  Information,  National  Research  Council,  Ottawa, 
on  evaporation  from  gasoline  storage  tanks  under  the  influence  of  the 
sun's  radiation.  The  subject  is  of  considerable  economic  importance 
since  it  is  probable  that  the  combined  oil  storage  capacity  in  Canada  is 
not  less  than  500,000,000  gallons.  The  problem  is  to  prevent  the  small 
percentage  losses  which  arise  from  the  heating  of  tank  surfaces  during 
bright  sunny  days  and  the  cooling  of  the  metal  at  night. 

When  a  gasoline  storage  tank  is  nearly  filled,  the  air  above  the 
liquid  becomes  saturated  with  gasoline.  Then,  when  the  sun  shines 
on  the  tank,  the  vapour  expands  as  it  becomes  warmer  and  escapes 
through  the  vent.  Later,  when  the  tank  cools  off  as  at  night,  the 
vapour  contracts  and  draws  in  fresh  air  which  in  time  becomes  saturated 
with  more  gasoline.  The  process  repeats  itself  daily.  Losses  from  an 
80,000-barrel  tank  may  run  above  two  barrels  a  day  during  the  summer 
months. 

Several  methods  may  be  employed  to  reduce  the  variations  in 
temperature  of  the  oil  and  vapour  in  storage  tanks.  Of  these  the 
simplest  precaution  is  to  reduce  to  a  minimum  the  area  exposed  to  the 
sun's  rays  and  to  coat  the  surface  with  paint  or  other  material  which 
has  a  high  reflecting  power  such  as  aluminum  or  magnesia. 

Insulation  either  as  a  special  coating  of  plaster  or  as  a  second 
housing  mounted  on  a  steel  frame  can  be  used.  It  has  been  calculated 
that  four  inches  of  a  good  insulating  material  would  reduce  the  tem- 
perature variation  over  the  surface  of  a  storage  tank  to  about  one-third 
of  that  observed  on  an  unprotected  tank.  The  effects  obtained  by 
insulation  can  be  further  improved  by  the  use  of  highly  reflecting  sur- 
faces, as  for  example  aluminum  foil. 

In  large  installations  cooling  systems  and  means  for  trapping  the 
vapours  by  connecting  the  storage  tanks  with  gasometers  similar  to 
those  used  in  cities  for  the  storage  of  illuminating  gas  may  be  em- 
ployed. Other  plans  provide  for  a  pan-type  floating  roof,  various  types 
of  breather  roofs  and  pontoon  roofs,  all  of  which  are  described. 

A  copy  of  the  report  may  be  obtained  on  application  to  the  National 
Research  Council  at  Ottawa. 
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Preliminary   Notice 

of  Applications  for  Admission  and  for  Transfer 


November  25th,  1935 

The  By-laws  provide  that  the  Council  of  The  Institute  shall 
approve,  classify  and  elect  candidates  to  membership  and  transfer 
from  one  grade  of  membership  to  a  higher. 

It  is  also  provided  that  there  shall  be  issued  to  all  corporate 
members  a  list  of  the  new  applicants  for  admission  and  for  transfer, 
containing  a  concise  statement  of  the  record  of  each  applicant  and 
the  names  of  his  references. 

In  order  that  the  Council  may  determine  justly  the  eligibility 
of  each  candidate,  every  member  is  asked  to  read  carefully  the  list 
submitted  herewith  and  to  report  promptly  to  the  Secretary  any  facts 
which  may  affect  the  classification  and  selection  of  any  of  the  candidates. 
In  cases  where  the  professional  career  of  an  applicant  is  known  to  any 
member,  such  member  is  specially  invited  to  make  a  definite  recom- 
mendation as  to  the  proper  classification  of  the  candidate.* 

If  to  your  knowledge  facts  exist  which  are  derogatory  to  the 
personal  reputation  of  any  applicant,  they  should  be  promptly  com- 
municated. 

Communications  relating  to  applicants  are  considered  by 
the  Council  as  strictly  confidential. 


The  Council   will  consider  the  applications  herein  described  in 
January,  1936. 

R.  J.  DuRLEY,  Secretary. 


•The  professional  requirements  are  as  follows  — 

A  Member  shall  be  at  least  thirty-five  years  of  ase.  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  twelve  years,  which  period  may  include 
apprenticeship  or  pupilage  in  a  qualified  engineer's  office,  or  a  term  of  instruction  in  a 
school  of  engmeering  recognized  by  the  Council  The  term  of  twelve  years  may.  at 
the  discretion  of  the  Council,  be  reduced  to  ten  years  in  the  case  of  a  candidate  for 
election  who  has  graduated  from  a  school  of  engineering  recognized  by  the  Council 
In  every  case  the  candidate  shall  have  held  a  position  in  which  he  had  responsible 
charge  for  at  least  five  >'ears  as  an  engineer  qualified  to  design,  direct  or  report  on 
engineering  projects.  The  occupancy  of  a  chair  as  a  professor  in  a  faculty  of  applied 
science  of  engineering,  after  the  candidate  has  attained  the  age  of  thirty  years,  shall 
be  considered  as  responsible  'harge 

An  Associate  Member  shall  be  at  least  twenty-seven  years  of  age,  and  shall  have 
been  engaged  in  some  branch  of  engineering  for  at  least  six  years,  which  period  may 
include  apprenticeship  or  pupilage  in  a  qualified  engineer's  office  or  a  term  of  instruction 
in  a  school  of  engineering  recognized  by  the  Council.  In  every  case  a  candidate  for 
election  shall  have  held  a  position  of  professional  responsibility,  in  charge  of  work  as 
principal  or  assistant,  for  at  least  two  years.  The  occupancy  of  a  chair  as  an  assistant 
professor  or  associate  professor  in  a  faculty  of  applied  science  of  engineering,  after  the 
candidate  has  attained  the  age  of  twenty-.seven  years,  shall  be  considered  as  pro- 
fessional responsibility. 

Every  candidate  who  has  not  graduated  from  a  school  of  engineering  recognized 
by  the  Council  shall  be  required  to  pass  an  examination  before  a  board  of  examiners 
appointed  by  the  Council.  The  candidate  shall  be  examined  on  the  theory  and  practice 
of  engineering,  with  special  reference  to  the  branch  of  engineering  in  which  he  has  been 
engaged,  as  set  forth  in  Schedule  C  ol  the  Rules  and  Regulations  relating  to  Examina- 
tions for  Admission.  He  must  also  pass  the  examinations  specified  in  Sections  9  and  10, 
if  not  already  passed,  or  else  present  evidence  satisfactory  to  the  examiners  that  he 
has  attained  an  equivalent  stand:ird.  Any  or  all  of  these  examinations  may  be  waived 
at  the  discretion  of  the  Couni  ,1  if  the  candidate  has  held  a  position  of  professiona 
responsibility  for  five  or  more  years? 

A  Junior  shall  be  at  least  twenty-one  years  of  age,  and  shall  have  been  engaged 
in  some  branch  of  engineering  for  at  least  four  years.  This  period  may  be  reduced  to 
one  year  at  the  discretion  of  the  Council  if  the  candidate  for  election  has  graduated 
from  a  school  of  engineering  recognized  by  the  Council.  He  shall  not  remain  in  the 
class  of  Junior  after  he  has  attained  the  age  of  thirty-three  years,  unless  in  the  opinion 
of  Council  special  circumstances  warrant  the  extension  of  this  age  limit. 

Every  candidate  who  has  not  graduated  from  a  school  ol  engineering  recognized 
by  the  Council,  or  has  not  passed  the  examinations  of  the  third  year  in  such  a  course, 
shall  be  required  to  pass  an  examination  inengineeringscienceasset  forth  in  Schedule  R 
of  the  Rules  and  Regulations  relating  to  Examinations  for  Admission.  He  must  also 
pass  the  examinations  specified  in  Section  10,  if  not  already  passed,  or  else  present 
evidence   satisfactory  to  the  examiners  that  he  has  attained  an  equivalent  standard. 

A  Student  shall  be  at  least  seventeen  years  of  age,  and  shall  present  a  certificate 
of  having  passed  an  examination  equivalent  to  the  final  examination  of  a  high  school, 
or  the  matriculation  of  an  arts  or  science  course  in  a  school  of  engineering  recognized 
by  the  Council. 

He  shall  either  be  pursuing  a  course  of  instruction  in  a  school  of  engineering 
recognized  by  the  Council,  in  which  case  he  shall  not  remain  in  the  class  of  Student  for 
more  than  two  years  after  graduation;  or  he  shall  be  receiving  a  practical  training  in 
the  profession,  in  which  case  he  shall  pass  an  examination  in  such  of  the  subjects  ■set 
forth  in  Schedule  A  of  the  Rules  and  Regulations  relating  to  Examinations  for  Ad- 
mission as  were  not  included  in  the  high  school  or  matriculation  examination  which 
he  has  already  passed;  he  shall  not  remain  in  the  class  of  Student  after  he  has  attained 
the  age  of  twenty-seven  years,  unless  in  the  opinion  of  Council  special  circumstances 
warrant  the  extension  of  this  age  limit. 

An  Affiliate  shall  be  one  who  is  not  an  engineer  by  profession  but  whose  pursuits, 
scientific  attainments  or  practical  experience  qualify  him  to  co-operate  with  engineers 
in  the  advancement  of  professional  knowledge. 


The  fact  that  candidates  give  the  names  of  certain  members  as  reference  does 
not  necessarily  mean  that  their  applications  are  endorsed  by  such  membeis. 


FOR  ADMISSION 

BARCLAY— JAMES  BOW,  of  Vancouver,  B.C.,  Born  at  Uourock,  Scotland, 
Mar.  18th,  1903;  Educ,  Daniel  Stewart's  College,  Edinburgh,  1917-21.  R.P.E.  of 
B.C.  by  Exam.,  1929;  1921-24,  ap'ticed  struet'l.  engr.,  and  1924-27,  asst.  engr.,  Palmer 
&  Turner,  Archts.  and  Engrs.,  Shanghai,  China;  1928,  asst.  engr.  ,Con8.  Mining  & 
Smelting  Co.;  1928-30,  asst.  engr.  and(lftsman.,Townley  &  Matheaon,. Stuart  Cameron 
&  Co.,  and  B.C.  Elec.  Rly.  Co.;  1930,  chief  concrete  design  on  Burrard  Bridge  for 
J.  R.  Grant,  m.e.i.c;  1931,  engr.  and  dftsman  on  design  of  govt,  pier,  for  Sydney 
E.  Junkins,  m.e.i.c;  1932-.3.3-.34  (not  continuou.sly),  designer  and  dftsman.  for  John 
S.  Metcalf  Co.;  1930-35  (not  continuously),  engr.,  e.stimator  and  supt,  on  various 
projects,  for  Northern  Construction  Co.;  19.34,  steel  detailer,  Dominion  Bridge  f.'o.; 
1935,  chief  concrete  designer.  Eraser  River  Bridge,  for  W.  C.  Swan,  m.e.i.c;  1935, 
consltg.  struet'l.  engr.,  associated  with  C.  Elwotxl  Walkins  and  Graham  Johnson, 
Architects,  in  complete  charge  of  struet'l,  design  of  steel  and  concrete  for  Federal 
BIdg.,   Victoria,   B.C. 

References:  J.  R.  Grant,  W.  G.  Swan,  A.  S.  Gentles,  E.  F.  Carter,  J.  Robertson 
C.  T.  Hamilton. 

BEANEY— SYDNEY  WIIXIAM,  of  125  Erskine  Ave.,  Toronto,  Ont.,  Born 
at  Liverpool,  England,  July  15th,  1905;  Educ,  1919-24,  Central  Technical  School, 
Toronto;  1927-31,  dfting.  and  supervn.  of  constrn.  for  Baldwin  &  Greene,  Watt  A 
Blackwell,  T.  Eaton  Co.,  H.  L.  -Allward,  Arch't.;  1931  to  date,  sales  engr.,  Joseph 
Taylor  &  Son,  Mfrs.  Agents,  Toronto.  (Applying  for  admission  as  an  Affiliate 
of  the  Institute.) 

References:  W.  B.  Redman,  H.  N.  Gzowski,  R.  G.  Saunders,  H.  E.  Brandon,  N. 
G.  McDonald. 

CASSIDY— STANLEY  BERNARD,  of  48  Fleet  St.,  Moncton,  N.B.,  Born 
Sussex,  N.B.,  Mar.  7th,  1912;  Educ,  B.Sc.  (E.E.),  Univ.  of  N.B.,  1933;  1932-33 
(during  senior  year),  asst.  in  elect'l.  engrg.,  Univ.  of  N.B.;  1933  (6  mos),  head  of  geo- 
physical party,  N.B.  Gas  &  Oilfields  Ltd.;  1935  (IJ-^  mos.),  asst.  on  geological  survey. 
(1  mo.),  geogolical  computations;  at  present,  temp,  employment  with  T.  Eaton 
Co.  Ltd.,  Moncton,   N.B. 

References:  J.  Stephens,  A.  F.  Baird,  E.  O.  Turner,  G.  L.  Dickson,  V.  C.  Blackett. 

HOLDCROFT— JOHN  BARBER,  of  832  Cumberland  Crescent,  North  Van- 
couver, B.C.,  Born  at  London,  England.  Aug,  24th,  1884;  Educ,  Private  study.  Passed 
Can.  Soc.  C.E.  Exams,  for  Junior,  1912,  for  Assoc.  Member  1913;  1904-08,  rodman, 
asst.  dftsman.,  computer  and  instr'man.,  Victoria,  B.C.;  1909-10,  surveyor  and  engr,. 
Gore  &  McGregor,  Land  Surveyors  and  Engrs.;  1910-12,  asst.  engr..  City  of  Victoria, 
B.C.;  1912-13,  in  own  business,  engrg.  and  constrn.;  1913,  dftsman,  Dept.  of  Lands, 
B.C.,  Forest  Br.,  Dept.  of  RIys.,  B.C.;  1914-18,  overseas.  Can.  Engrs.,  Lieut,  in 
charge  of  camp  constrn.  and  mtce,;  1918,  mine  surveyor.  Crow's  Nest  Pass  Coal  Co.; 
1919-20,  asst.  engr.,  Dept.  of  Rl.vs.,  B.C.;  1920-22,  private  engrg.  and  constrn.  work; 
1922-23,  designing  dftsman.,  hydro-electric,  Portland  Elec.  Rly.,  Light  &  Power  Co., 
Portland,  Oregon.;  1923  to  date,  hydraulic  engr.,  and  asst.  mgr.  from  1929,  l^acific 
Coast  Pipe  Co.  Ltd.,  Vancouver,  B.C.  In  charge  of  design  and  supervision  of  constrn, 
of  wood  stave  pipes,  penstocks,  tanks,  etc.,  throughout  Canada  and  Nfld.  Also 
design  and  constrn.  of  paper  mill  equipment.  Also  engaged  from  time  to  tinie  as 
private  consultant  on  special  questions  involving  hydraulic  structures  in  timber 
constrn.  and  on  hydro  power  development. 

Reference:  J.  C.  MacDonald,  C.  Brakenridge,  E.  A,  Cleveland,  A.  E.  Foreman, 
A.  S.  Wootton. 

JOHNSTON— ORVAL  ELLSWORTH,  of  941  Roberts  St.,  Niagara  Falls,  Ont., 
Born  at  Summerstown,  Ont.,  Mar.  16th,  1906;  Educ,  B.A.Sc,  Univ.  of  Toronto  1934; 
1920-30,  dftsman.,  hydraulic  dept.,  H.E.P.C.  of  Ontario;  Summer  1931,  field  engr's 
asst.,  Morrow  &  Beatty  Ltd.;  May  1934  to  date,  engrg.  asst.  dftsman.,  H.E.P.C.  of 
Ontario,  Niagara  Falls,  Ont. 

References:  O.  Holden,  A.  E.  Nourse,  C.  R.  Young,  W.  J.  Smither,  W.  Jackson. 

KELLY— WILLIAM  NIELSON,  of  Vancouver,  B.C.,  Born  at  Douglas,  Isle 
of  Man,  Sept.  9th,  1873;  Educ,  1901-02,  Liverpool  University;  1888-1893,  ap'ticed 
Barbour  &  Combe  I^td.,  Belfast,  as  engr.;  1893-1904,  marine  engr.  From  1904  to 
1925  work  included  the  following;  Outside  supt.,  W.  B.  Brown,  I.  E.  Bankhall,  Engrs., 
Liverpool;  drawing  oflice.  Lever  Bros.,  Port  Sunlight;  supt.,  C.  &  A.  Musker,  Engrs., 
The  Brook,  Liverpool;  Came  to  British  Columbia  and  engaged  in  various  engrg. 
projects;  .Appointed  supt.  engr.,  Consolidated  Whaling  Corpn.  &  North  Pacific  Sea 
Products  Co.,  in  charge  of  18  steam  vessels  and  0  stations;  1925,  joined  Pvlessrs.  Yar- 
rows Ltd.;  Came  to  Vancouver;  Accepted  a  position  with  Hecate  Straits  Towing 
Co.,  and  designed  and  converted  a  vessel  for  log  carrying,  operated  fleet  of  tugs  and 
barges  until  formatior,  of  Pacific  Coyle  Navigation  Co.;  Started  in  business  as  consltg. 
engr.;  -Appointed  Surveyor  to  British  Corporation,  consltg.  engr.  (mech'l),  toVancouver 
Harbour  Commission,  etc.;  at  present,  consltg.  mech'l.  engr.  and  marine  surveyor, 
and  surveyor  to  British  Corporation  for  the  Register  of  Shipping  and  Aircraft. 

References:  A.  S.  Wootton,  J.  Robertson,  E.  A.  Cleveland,  E.  A.  Wheatley,  A. 
S.   Gentles. 

MACLENNAN— WILLIAM  EWEN,  of  430  South  Vickers  St.,  Fort  William, 
Oat.,  Born  at  Benbecula,  Invernesshire,  Scotland,  May  23rd,  1903;  Educ,  1916-18, 
Inverness  Academy.  Served  two  years  with  Edwards  &  Co.,  Edinburgh,  surveyors, 
and  18  mos.  with  Cyril  &  Bishop,  Engineers,  London,  England;  1922-23,  instr'man. 
and  estimator,  highway  constrn.  in  Sask.;  1923-24,  levelman  on  highway  location  in 
0^tario;  1924-29,  asst.  field  engr.  on  paper  mill  constrn.  and  power  development; 
With  Dept.  of  Northern  Development  as  follows:  1931-32,  engr.  in  charge  of  high- 
way location  party,  and  res.  engr.;  1934-35,  res.  engr.,  Trans-Canada  Highway; 
at  present,  res.  engr.,  District  of  Thunder  Bay. 

References:  H.  G.  O'Leary,  P.  E.  Doncaster,  T  S.  Armstrong,  G.  R.  Duncan, 
F.  C.  Graham. 

MALBY— ARTHUR  LESLIE,  of  313  Maitland  Ave.,  Peterborough,  Ont.,  Born 
at  London,  England,  Aug.  5th,  1907.,  Educ,  B.Sc  (E.E.),  Univ.  of  Man.,  1934;  1934, 
generator  erection,  1934-35,  test  course,  and  at  present,  student  engr.,  industrial  control 
dept.,  (ian.  Gen.  Elec.  Co.  Ltd.,  Peterborough,  Ont. 

References:  B.  Ottewell,  V.  S.  Foster,  E.  R.  Shirley,  W.  M.  Cruthers,  L.  DeW. 
Magie. 

MARCK— JOHN  ALPHONSE,  of  Burlington,  Ont.,  Born  at  Hamilton,  Ont., 
Oct.  22nd,  1892;  Educ,  Hamilton  Tech.  Inst.,  1909-11.  I.C.S.  course  in  surveying, 
1916-17.  R.F.C.;  1911-14,  transitman,  J.  J,  MacKav.  m.e.i.c;  1914,  Nipigon  Forest  Re- 
serve; 1914-15,  dftsman..  City  Engr's.  Dept.,  Hamilton;  1915-16,  transitman,  Manitoba 
Survey  of  Townships;  1917-19,  res.  engr.,  1,500  ft,  dock,  San  Pedro  de  Macoris,  Santo 
Domingo;  1919,  rly,  engr,,  B.arahona  Sugar  Co,,  Barahono;  1919  to  date,  civil  engr., 
.Steel  Company  of  Canada,  including  rly.,  blast  furnace,  sheet  mill,  open  hearth,  coke 
oven  constrn.,  1928-31,  plant  layout,  193.3-31-35,  water  commissioner.  Town  of  Burling- 
ton, filtration  plant  now  under  constrn. 

References:  C.  E.  Hogarth,  J.  J.  MacKay,  E.  G.  MacKay,  R.  E.  Butt,  W.  Holling- 
worth,  J.  iStodart. 

McCUNE— SAMUEL,  of  59  Kathleen  St. , Sudbury,  Ont. ,  Born  at  Belfast, Ireland, 
Jan.  8th,  1909;  Educ,  B.Sc  in  Civil  Engrg.,  Univ.  of  Illinois,  1930;  1926  (Mar. -Nov.), 
field  and  office  work,  Kelker,  DeLeuw  &  Co.,  Chicago;  1927-28,  junior  engr.  (line  and 
grade).  Turner  Constrn.  Co.,  New  York;  1930-32,  bridge  designer  and  dftsman.,  Atchi- 
son Topeka  and  Sante  Fe  R.R. ;  1934  (.luly-Oct.) ,  survey  of  and  alignment  and  grade  for 
wooden  pipe  line.  Label  Oro  Gold  Mines  Ltd.;  Dec  1934  to  date,  dftsman.,  Dept.  of 
Northern  Development,  Sudbury,  Ont. 

References:  T.  S.  Armstrong,  T.  F.  Francis,  O.  L.  Flanagan,  J.  M.  Silliman,  R.  E. 
Smythe. 


608 


THE     ENGINEERING     JOURNAL 


December,  1935 


OAKES— CECIL  HEWITT,  of  4583  First  Ave.  West,  Vancouver,  B.C.,  Born  at 
Cleveland,  Ohio,  Feb.  4th,  1895;  Educ,  1910-15,  Liverpool  Univ.,  England;  R.P.E.  of 
B.C.;  1915-19,  engr.  officer,  R.N. T.S.;  1919-22,  engr.  officer,  Merchant  Service;  1922-24, 
engr.  surveyor.  National  Boiler  &  General  Insurance  Co.,  England;  1924-27,  res.  engr.. 
Meccano,  Ltd.,  Liverpool,  and  Paris;  1927-28,  svstem  operator,  Quebec  Terminal, 
Shaw.  Water  &  Power  Co.;  1928-29,  res.  engr.,  and  1929-30,  works  mgr.,  Canadian  In- 
dustries Ltd. :  at  present,  engr.  surveyor.  Boiler  Inspection  Alnsurance  Co.  of  Canada, 
Vancouver,  B.C. 

References:  C.  T.  Hamilton,  J.  P.  Mackenzie,  P.  Sandwell,  F.  O.  Mills,  A.  S- 
Wootton. 

PATERSON— WALTER  HOWARD,  of  Owen  Sound,  Ont.,  Born  at  Owen 
Sound,  Mav  23rd,  1909;  Educ,  B.Sc,  Queen's  Univ.,  1934;  Summers:  1930,  county 
surveying  (Grey);  1931,  operator.  H.E.P.C.  of  Ont.;  1933,  production  cost  reports  on 
city  quarrv,  Owen  Sound;  1934  (.June-Sept.),  res.  engr.  (grading),  concrete  pavement, 
constrn.,  McArthur  Engrg.  &  Constrn.  Co.  Ltd.;  Sept.  1934  to  date,  asst.  to  city  engr. 
Owen  Sound,  general  work,  complete  charge  of  waste  water  survey. 

Referen.'es:  F.  McArthur,  R.  C.  McKnight,  T.  D.  Kennedy,  R.  McDowall.  W.  L. 
Malcolm 

PIERCE— ARTHUR  LEONARD,  of  Nipigon,  Ont.,  Born  at  Haileybury,  Ont., 
Aug.  15th,  1908; Educ,  B.Sc.  (C.E.),  Univ.  of  Man..  19.30;  1927-28  (summers),  timekpr., 
chainraan  and  rodman,  Dept.  of  Northern  Development;  1929  (Apr.-Oct),  struct'!. 
dftsman  on  reinforced  concrete  constrn.,  Cowin  &  Co.,  Winnipeg;  1930-31,  struct'!, 
dftsman.  on  reinforced  concrete  structures,  estimating  steel  and  concrete  structures, 
Dominion  Bridge  Co  ,  Winnipeg;  1931-32,  levelman  and  transitman,  Dept.  of  North- 
ern Development;  1934  (Aug. -Dec),  asst.  to  engr.  on  constrn.  of  water  supply  and 
pipe  line  for  Transcona,  Man.,  for  Dominion  Constrn.  Co.,  Winnipeg,  under  direction 
of  C.N. R.;  1935  (.Ian. -Mar.),  res.  engr.,  in  charge  of  highway  and  bridge  constrn.,  Dept. 
of  Nor.  Development;  Apr.  1935  to  date,  office  engr.  in  charge  of  gen.  office  and  dfting 
of  the  Nipigon  Div.,  Dept.  of  Nor.  Development. 

References:  O.  L.  Flanagan,  T.  C.  Main,  A.  E.  MacDonald,  H.  B.  Henderson, 
G.  Alison. 

RAE— WILLIAM,  of  Vancouver,  B.C.,  Born  at  Edinburgh,  Scotland.  Oct.  17th, 
187fi;  Educ,  I  C.S.,  C.P.R.  Mech'l.  Exam,  for  Instructor  and  Examiner,  1904;  1892-98, 
ap'tice,  mech'l.  engr.,  C.P.R. ;  1898-99,  engr.,  C.P.R.  SS.  Service;  1899-1904,  erecting 
engr.,  and  1904-05,  mech'l.  instructor.  C.P.R.;  1905-06.  mech'l.  instructor,  I.C.S., 
Scranton;  1907-09,  master  mechanic.  Kettle  Valley  Railway;  1910  to  date,  chief  in- 
spector, equipment  and  appliances,  Dept.  of  Railways,  Govt,  of  British  Columbia. 

References:  E.  A.  Wheatley,  P.  H.  Buchan.  J.  Robertson,  A.  S.  Wootton,  G.  M. 
Gilbert. 

SCALES— WILLIAM,  of  Courtenay,  B.C.,  Born  atStackal!en,Navan,  Co.  Meath, 
Ireland,  June  5th,  1885,  Educ,  McGuire's  Civil  Service  College,  Dublin,  1901-05. 
Thomason  Civil  Engineering  College,  Rurkee,  India,  1908-10.  Sub.  Engr's.  Higher 
Cert.,  1910;  1910-11,  asst.  to  subdivnl.  officer,  Bombay  Subdivn.,  P.W.D.,  India; 
1910-11,  A/Subdivnl.  officer.  Rajkote.  India,  roads  and  bldgs.;  1912-15,  subdivnl. 
officer.  Presidency  District,  Bombay,  India.  Design  and  constrnl.  of  roads,  bldgs., 
water  works,  sewers,  and  sea  wall;  1915-lfi,  subdivnl.  officer,  roads  and  bldgs.,  Belgaum, 
India;  1916,  services  placed  at  disposal  of  Commander  in  Chief  in  India.  In  charge  of 
section  of  Field  Park  engrg.  supplies,  Mesopotamia;  1916-17,  Garrison  Engr..  16th 
Indian  Divn.,  Waziristan  Field  Force;  1917-19,  Garrison  Engr.,  Jhelum,  India; 
1919-20,  Military  Works  Services,  India,  at  Bombay,  on  supervn.  of  works;  1920-28, 
consltg.  engr.  to  municipalities  St.  Lina  &  Ashmont.  Alta..  on  road  diversions,  etc.; 
1928-31,  engrg.  asst.,  city  of  Calgary;  1931-33,  citv  engr.,  Fernie,  B.C.;  1934  to  date, 
city  engr  and  supt.  of  public  utilities.  Courtenay,  B.C. 

References:  E.  A.  Wheatlev,  .1.  Robertson,  H.  N.  Macpherson,  G.  M.  Gilbert, 
C.  T.  Hamilton,  .1.  P.  Mackenzie,  P.  Sandwell,  F.  O,  Mills,  E.  C.  Thrupp. 

WALKER— ROY  EDWARD,  of  1034  Aird  St.,  Saskatoon,  Sask.,  Born  at  Lang- 
don,  North  Dakota,  Mav  9th,  1907;  Educ,  B.Eng.,  Univ.  of  Sask..  19.32.  Cert,  of 
Educ,  Univ  .of  Sask.,  1935;  1929,  apt.  block  constrn.;  1929-.30,  elect'l.  wiring,  apt. 
blocks  and  houses;  1930,  chaining  and  dfting.,  engrg.  dept..  City  of  Saskatoon;  19.30, 
rodman,  office  and  field,  C.P.R.;  19.34,  Sask.  Highway  Dept.;  at  present,  teacher  of  the 
Flat  Lake  S.D.  No.  8.39  (First  Class  and  High  School  Teacher's  Cert). 

References:     A.  R.  Greig.  C.  .1.  Mackenzie,  I.  M.  Eraser,  W.  E.  Lovell. 

WILLS— DOUGLAS  CECIL,  of  .59  Ontario  St.  South,  St.  Catharines,  Ont,, 
Born  at  Bexhill  on  Sea,  Sussex,  England,  Feb.  17th  1887;  Educ,  surveying  and  map- 
ping. London  Polytechnic.  London,  England;  1911-15,  with  F.  N.  Rutherford,  a.m.e.i.o,. 
O.L.S.  and  Township  Engr..  St.  Catharines,  Ont.  Field  work:  in  charge  of  small 
parties  on  land  surveys,  sub-divisions,  road  constrn.,  tunnelling.  Office:  plotting,  maps 
from  field  notes,  making  and  tracing  maps,  computations,  etc.;  191.5-19,  overseas, 
C.E.F.  and  B.E.F.  1917-19,  service  in  France  as  engrg.  officer  to  company  of  Can. 
Rly.  Troops  on  track  repair  and  constrn.,  roads,  bridges,  demolitions;  1919-33,  instr'- 
man  and  junior  engr.,  and  1933  to  date,  instr'man  and  field  engr.  (office  and  field  work) 
Dept.  of  Railways  and  Canals,  Welland  Canals,  St.  Catharines,  Ont. 

References:  C.  G.  Moon,  C.  W.  West,  E.  G.  Cameron,  M.  B.  Atkin.son,  .1.  C. 
Moyer,  A.  L.  McPhail,  L    P.  Rundle. 

FOR  TRANSFER  FROM  THE  CXASS  OF  ASSOCIATE  MEMBER  TO  THAT 
OF  MEMBER 

BALL— ALFRED  N.,  of  Ottawa,  Ont.,  Born  at  Grenfell.  Sask.,  Dec  1st,  1889; 
Educ,  B.Sc,  Queen's  Univ.,  1914;  D.L.S.,  S.L.S.;  1912  (summer),  location  surveys, 
G.T.P.  in  Sask.;  1913-15  (summers),  instr'man.  on  surveys  for  Sask.  Govt.;  1915-19, 
overseas;  1919-21,  surveyor.  Parsons  Engrg  Co.,  Regina;  1921-23.  res.  on  bridge  and 
road  constrn.  for  Sask.  Govt.;  1923-25.  designing  engr  ,  Can.  Sugar  Ref.  Co.,  Montreal; 
192.5-26.  designing  engr.,  Riordon  Pulp  Corpn.;  1926-28,  designing  engr.,  St.  Law- 
rence Paper  Mills  Ltd.;  1928-29,  res.  engr.  i/c  constrn.  and  equipment  installn.  of 
timber  limit  development  at  Trinity  Bay,  Que.,  for  St.  Lawrence  Paper  Co.;  1929-30, 
res.  engr.  i/c  constrn.  and  equipment  installn.  at  Campbellton.  N.B..  for  Restigouche 
Co.  Ltd.  (sulphite  mill);  1930-35,  on  gen.  design,  filtration  plant  and  sulphite  mill, 
etc,  and  at  present,  chief  engr..  i/c  design  and  constrn.  of  gen.  mill  revisions  and 
extensions,  E.  B.  Eddy  Co   Ltd.,  Hull,  Que.     (A.M.  1019.) 

References:  W.  S.  Kidd,  H.  Kennedy,  F.  O.  White,  \.  P.  Linton,  D.  A.  R. 
McCannel. 

BELL-IRVING,  ROBERT,  of  Vancouver,  B.C.,  Born  at  Vancouver,  .Tuly  30th, 
1893;  Educ,  B.Sc,  McGill  Univ.,  1914;  B.C.L.S.;  1912-13-14  (summers),  irrigation 
constrn.  work,  Taylor  &  Bell-Irving,  Engrs.  and  Land  Surveyors;  1914-18,  overseas, 
Capt.,  Roval  Engrs.;  1920.  partner.  Fullerton  &  Bell-Irving.  Engrs.  and  Surveyors; 
1921  to  date,  with  Powell  River  Co,  Ltd.,  as  follows:  1921,  field  engr.,  1921-26,  senior 
engr  ,  full  charge  of  design  and  constrn,.  and  carried  out  paper  mill  and  power  plant 
developments;  1926-.32,  res.  mgr,,  at  Powell  River,  B.C.,  in  charge  of  operations, 
continuing  to  act  in  advisory  capacity  to  engrg.  dept.;  At  present  asst.  gen.  mgr  ,  of 
company,  at  Vancouver,  B.C.     (A.M.  1020.) 

References:  W.  G.  Swan,  A.  S.  Gentles,  .1.  Robertson,  E.  A,  Wheatley,  E,  A. 
Cleveland. 

.JAR.M  AN -PERCY  lODWAUD,  of  Westmount,  Que.,  Born  at  Earls  Colne, 
Essex,  England,  .Ian.  61, h.  1885;  Educ.  private  tuition;  1904-06,  inspr.  of  struct'!, 
steel  work.  Dominion  Bridge  Co  ;  1906-08,  asst.  town  engr..  Town  of  Outremont, 
Que.;  1908-10,  asst.  engr.,  1910-13,  asst.  citv  engr.,  19i;i-30,  city  engr.,  and  1930  to 
date,  general  manager,  City  of  Westmount,  Que.     (.S'(.  /.W.9,  Jr.  1!)14,  A.M.  1917.) 

References:  E.  A.  Ryan,  K.  B.  Thornton,  P.  L.  Pratley,  G.  E.  Templeman, 
J.  L.  Busfield. 


MACKENZIE— JOHN  PERCIVAL,  of  Vancouver,  B.C.,  Born  at  Boissevain, 
Man.,  May  8th,  1884;  Educ,  three  years  civil  engrg.,  Univ.  of  Glasgow;  1904-07, 
Toronto  Street  Railway,  Can.  Nor.  Rly.;  1907-12,  constrn.  engr..  Can.  Nor.  Rly.; 
1912-14,  asst.  engr.,  Dept.  Public  Works,  La  Pointe  Pier;  1914-19,  overseas,  Lt,-Col., 
D.S.O.,  2  Bars,  C.  de  G.;  1919-20,  supt..  Pacific  Atlantic  Construction;  1920-23, 
chief  engr.,  Henry  &  McFee,  Seattle,  Wash.;  192.3-25,  gen.  supt.  and  chief  engr.  for 
same  company,  constrn.  Natron  cut-off  for  Southern  Pacific  Rly.  Co.;  1925-27,  gen. 
supt.  for  same  company,  constrn.,  fitting  out  pier  for  Bremerton  Navy  Yard;  1927-28, 
field  engr.,  St.  John  Dry  Dock  and  Shipbldg.  Co..  St.  John,  N.B.;  1929-32,  gen.  sales 
mgr.,  and  1932  to  date,  gen.  manager.  Western  Bridge  Co.,  Vancouver,  B.C.  (A.M. 
1920.) 

References:  J.  Robertson,  A.  S.  Wootton,  H.  N.  Macpherson,  P.  H.  Buchan, 
E.  A.  Wheatley. 

McKENZIE— JAMES  EDGAR,  of  239-12th  Ave,  West,  Calgary,  Alta  ,  Born 
at  Calgary,  June  29th.  1889;  Educ.  B.Sc.  Queen's  Univ.,  1912;  1911-12,  with  J.  C. 
Teague,  Architect,  Calgary,  struct'!,  steei  and  concrete  design;  1912-13,  Stanton  & 
McKenzie,  Struct'!.  Engrs.;  191.3-17,  president  and  chief  engr.,  Thomas-Jamieson- 
McKenzie  Ltd  ,  General  Contractors,  bldg.  and  gen.  constrn.  work  in  Alberta;  1917-21, 
J.  E.  McKenzie  Ltd.,  General  Contractors  and  Engineers,  Calgary;  1922-32,  chief 
engr.  and  estimator  for  E.  J.  Ryan  Contracting  Co.  Ltd  ,  Vancouver.  Designing 
principally  reinforced  concrete,  water  tower,  sewer  and  water  works.  Superintendence 
and  estimating.      (St.  1912,  A.M.  1918.) 

References:  R.  S.  Trowsdale,  P.  M.  Sauder,  P.  H.  Buchan,  E.  A.  Wheatley, 
A.  S.  Gentles. 

PENFOLD— DOUGLAS  KENT,  of  Kelowna,  B.C.,  Born  at  Maidstone,  England, 
Dec  22nd,  1888;  Educ,  1907-11,  Bengal  Engrg.  College,  Calcutta,  Diploma  in  Mining; 
Colliery  Manager's  Certs  ,  2nd  Class  1915,  1st  Class  1916;  1911-12,  asst.  mgr.,  Bhaga 
Colliery  Co.  Ltd.;  1912-13,  asst.  mgr.,  Indian  Oil  Products  Ltd.;  1913-16,  asst.  mgr. 
East  Indian  Coal  Co.  Ltd.,  1916-18,  asst.  mgr.,  later  mgr  ,  Bengal  Coal  Co.  Ltd. 
1918-19,  mgr.,  Tata  Iron  and  Steel  Co.  Ltd.,  1919-22.  mgr  .  East  Nandi  Coal  Co.  Ltd. 
192.5-26,  field  engr.,  B.C.  Electric  Rly.  Co.  Ltd.,  Vancouver;  With  the  Govt,  of  British 
Columbia  as  follow.s:  1927-30.  office  engr..  Water  Rights  Br.,  Victoria,  and  1930  to  date, 
district  engr  ,  Water  Rights  Branch,  Kelowna,  B.C.     (A.M.  1929.) 

References:  E.  Davis,  F.  W.  Knewstubb,  J.  C.  MacDonald,  E.  A.  Wheatley. 

SANDWELL— PERCY,  of  Vancouver,  B.C.,  Born  at  London,  England,  Nov. 
7th,  1888;  Educ  ,  Technical  Schools,  London,  England;  1904-09,  ap'ticeship,  Geo. 
Aston  &  Sons,  London,  mech'l.  andstruct'l.  engrg.;  1909-11,  engr  ,  Hales  Ltd.,  London, 
mtce.  and  management  of  steam  haulage  plant;  1911-13,  chief  mech'l.  dftsman.. 
Shepherds  Bush  Exhibition  Ltd.,  London;  1913-14,  engr.  in  charge,  works  dept., 
Gillman  &  Spencer  Ltd.,  millers  and  feed  mfgrs.,  London;  1914-20,  war  service  in 
France,  R.F.A.  Lieut.,  R.E.,  Staff  OflScer,  C.R.E.;  1920-22,  engr.  and  dftsman.,  and 
1922-26,  chief  dftsman.  and  asst.  res.  engr..  Powell  River  Co.  Ltd.;  1926-32,  res.  engr., 
anrL  1932-34.  asst.  mgr.  of  same  company,  at  Powell  River,  B.C.;  At  present,  consltg. 
mech'l.  engr.,  Vancouver,  B.C.     (A.M.  1923.) 

References;  J.  Robertson,  E.  A.  Wheatley,  A.  S.  Gentles,  R.  Bell-Irving,  P.  H. 
Buchan,  J.  P.  Mackenzie. 

TAUNTON— ARTHUR  JOHN  SHOWELL,  of  930  Somerset  Ave..  Winnipeg, 
Man.,  Born  at  Solihull,  Warwickshire,  England,  Aug.  17th,  1888;  Educ,  B.Sc,  (C.E.), 
Univ.  of  Man.,  1912;  1904-06,  engrg.  pupil,  Kynoch's  Ltd.,  Birmingham;  1907-08  and 
summer  1909,  instr'man.,  dftsman.,  inspr  ,  Winnipeg  hydro  development;  Summers 
1910-11,  and  1912-13,  asst.  engr.,  bridge  engr's.  dept..  Can.  Nor.  Rly  ;  1913-14,  and 
1919-20,  asst,  engr,  in  same  dept.,  in  responsible  charge  of  constrn.  of  all  bridges  on 
the  Brazeau  extension,  Alta.,  and  permanent  steel  bridges  at  Kaministiquia  River. 
Bears  Pass,  etc.;  1914-19.  overseas.  Major,  D.S.O.;  1920-30,  district  bridge  engr., 
Manitoba  Prov.  (5ovt..  in  charge  of  design,  constrn.  and  accting.  for  highway  structures; 
19.30-33.  Member  of  Board  of  Engineers,  and  engr.  in  charge  of  constrn.  of  Norwood, 
Main  St.  and  .Salter  St.  bridges;  At  present,  temp,  senior  asst.  engr.,  Dept.  Public 
Works,  Canada,  in  charge  of  design  and  constrn.  of  Selkirk  bridge,  Winnipeg,  Man. 
(St.  1909,  A.M.  1914.) 

References:  F.  G.  Goodspeed,  W.  P.  Brereton,  E.  V.  Caton,  W.  Walkden,  E.  P. 
Fetherstonhaugh 

TRIPP— GEORGE  MASON,  of  1684  Yale  St.,  Oak  Bay,  Victoria,  B C,  Born 
at  Woodstock,  Ont.,  Nov.  14th,  1875;  R.P.E.  of  B.C.;  1898-1903,  gen.  elect'l.  engrg. 
work,  and  1903  to  date,  gen.  supt.,  B.C.  Electric  Rly.  Co.  Ltd.,  Vancouver  Island 
Divn.,  in  charge  of  engrg.  dept.     (A.M.  1919.) 

References:  E.  E.  Carpenter,  H.  L.  Swan,  J.  C.  MacDonald,  A.  C.  Eddy,  E.  Davis. 

FOR  TRANSFER  FROM  THE  CLASS  OF  JUNIOR 

BRAIN— CECIL,  of  Corner  Brook,  Nfld.,  Born  at  Sittingbourne,  Kent,  England, 
Sept.  6th.  1901;  Educ,  B.Sc,  McGill  Univ.,  1928;  1924-25-26  (summers),  carpenter, 
millwright,  mechanic,  Anglo-Nfld.  Development  Co.,  Grand  Falls,  Nfld  ;  1927  (sum- 
mer), fitter,  Charles  Walmsley  &  Co.,  Longueuil,  Que.;  1928-30,  dftsman.,  1930  to 
date,  asst.  to  plant  engr.,  in  charge  of  mtce,  planning  and  cost  dept.,  belting  and  all 
physical  records.  International  Power  and  Paper  Co.  of  Nfld.,  Corner  Brook,  Nfld. 
(St.  1927  Jr.  1929.) 

References:  K.  O.  Elderkin,  R.  L.  Weldon,  H.  C.  Brown,  H.  S.  Windeler.  C.  M. 
McKergow. 

BURGESS— BERT.  I.,  of  595  King  St.,  Peterborough,  Ont.,  Born  at  Fairville, 
N.B.,  July  18th,  1898;  Educ,  B..Sc,  Univ.  of  N.B.,  1921;  1922-26,  and  1929  to  date, 
switchboard  engrg.  dept..  Can.  Gen.  Elec.  Co.  Ltd  ,  Peterborough,  Ont.     (Jr.  1924) 

References:  E.  R.  Shirley,  T.  E.  Gilchrist,  B.  Ottewell,  A.  L.  Dickieson,  A.  B. 
Gates. 

FANJOY— WILLIAM  THOMAS,  of  223  Crescent  St.,  Peterborough,  Ont., 
Born  at  Sherbrooke,  Que.,  Jan.  3rd,  1902;  Educ,  B.Sc,  Univ.  of  Alta.,  1924;  1924 
(6  mos),  elect'l.  constrn..  Can.  Westinghouse  Co.;  192.5-26,  test  dept.,  and  1926  to 
date,  industrial  control  engr..  Can.  (ien.  Elec.  Co.  Ltd.,  Peterborough,  Ont.  (St.  1925, 
Jr.  1929.) 

References:  W.  E.  Ross,  R.  L.  Dobbin,  L.  DeW.  Magie,  E.  R.  Shirley,  J.  W. 
Pierce,  H.  J.  MacLeod. 

HAYES— ST.  CLAIR  JOSEPH,  of  St.  John's.  Nfld.,  Born  at  Halifax,  N.S., 
Dec.  24th.  1899;  Educ.  B.Sc  (E.E.),  1922,  B.Sc  (ME),  1923,  N.S.  Tech.  Coll.; 
1919  (summer),  machine  shop  ap'tice.  Burns  &  Keilher,  Halifax;  1920,  asst.  in  power 
house  inventory,  Jackson  &  Moreland,  Boston,  Mass.;  1923-33,  Can.  Gen.  Elec.  Co. 
Ltd.,  Peterborough;  1}^  years  test  course;  1924-30,  DC.  engrg.  dept.,  estimating, 
proposition  work  and  designing;  1930-33,  acting  renewal  parts  engr.;  1934-35,  asst. 
prof,  of  engrg.,  St.  Mary's  College,  Halifax;  At  present,  lecturer  in  engrg.,  in  charge 
of  engrg.  dept..  Memorial  University  College,  St.  John's,  Nfld.     (St.  1923.  Jr.  1926.) 

References:  L.  DeW.  Magie,  W.  M.  Cruthers,  A.  B.  Gates,  B.  Ottewell,  F.  R. 
Faulkner,  G.  H.  Burchill,  R.  L.  Dobbin. 

SILLS— HUBERT  RYERSON,  of  513  Gilmour  St.,  Peterborough,  Ont.,  Born 
at  Kingston,  Ont.,  Sept.  19th,  1900;  Educ,  B.Sc,  Queen's  Univ.,  1921;  1916-17, 
lathe  hand,  shell  shop;  1918-19,  instr'man.,  Geol.  Survey;  1920,  assembly  work, 
transformer  shop;  1921-22,  test  course,  and  1922  to  date,  synchronous  motor  and 
.■^  C.  generator  design  work  as  asst.  engr..  Can.  Gen.  Elec.  Co.  Ltd.,  Peterborough, 
Ont.      (St.  1921,  Jr.  1926.) 

References:  B.  L.  Barns,  L.  DeW.  Magie,  R.  L.  Dobbin,  E.  R.  Shirley,  V.  S. 
Foster. 
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EMPLOYMENT  SERVICE   BUREAU 

The  Service  is  operated  for  the  benefit  of  members  of  The  Engineering  Institute  of  Canada, 

and  for  industrial  and  other  organizations  employing  technically  trained  men — 

without  charge  to  either  party. 

All  correspondence  should  be  addressed  to 

The  Employment  Service  Bureau,  The  Engineering  Institute  of  Canada 

2050  Mansfield  Street,  Montreal 


Situation  Vacant 

SUPERINTENDENT,  for  radio  manufacturing  plant. 
Mechanical  or  radio  engineer  who  has  had  several  years 
successful  experience  in  organization  and  operating  fac- 
tories on  mass  production  principles.  In  replying  give 
hill  information  as  to  training  and  experience.  Apply 
to  Box  No.  1233-V. 

Situations  Wanted 

SALES  ENGINEER,  s.e.i.c;  b.sc.  c.e.,  1930  (Univ. 
N.B.),  p.E.N.B.  Age  28.  Experience  includes  building 
inspection,  structural  detailing,  road  construction,  and 
chemical  operation.  Interested  in  sales  work  on  the 
sales  staff  of  some  manufacturing  or  wholesale  concern. 
Apply  to  Box  No.  225-W. 

REINFORCED  CONCRETE  ENGINEER,  b.sc,  p.e.q., 
eight  years  experience  in  construction  design  of  industrial 
buildings,  office  buildings,  apartment  houses,  etc.  Age 
30.     Married.     Apply  to  Box  No.  257-W. 

DESIGNING  DRAUGHTSMAN,  experience  in  layout 
of  steam  power  house  equipment  and  piping.  Wide 
experience  in  mechanical  drive  and  details  of  machinery, 
gearing,  and  hoists.  Accustomed  to  layout  of  small  mill 
buildings  of  steel  and  timber,  structural  design  and 
details.  Good  references.  Present  location  Montreal. 
Apply  to  Box  No.  329-W. 

ENGINEER  AND  ACCOUNTANT,  jr.E.i.c,  (Capt. 
Can.  Engrs.,  reserve).  Age  35,  Canadian.  Experienced 
in  mechanical  and  civil  engineering.  Diploma;  general 
oflSce,  draughting  and  instrument  work ;  assistant  engineer 
erection  Royal  York  hotel;  assistant  resident  engineer 
T.  &  N.O.  Ry.  const.  Desires  position  in  Toronto 
where  combination  of  technical  and  business  experience 
will  be  of  value,  as  have  been  director  and  accountant 
last  three  years.     Apply  to  Box  No.  377-W. 

CIVIL  ENGINEER,  b.a.sc.  and  c.e.;  a.m. e. i.e.,  a.m. 
A.8.C.E.,  age  32,  married.  Experience  over  twelve  years 
as  assistant  and  resident  engineer  on  the  construction  of 
hydro-eleotric,  railway,  and  aerodrome  works.  Also 
office  and  teaching  work  on  hydraulic  designs  and 
investigations,  reinforced  concrete,  bridge  foundations 
and  caissons.  Location  immaterial.  Available  at  once. 
Apply  to  Box  No.  447-W. 

MECHANICAL  ENGINEER,  b.sc.  Age  31.  Married. 
Last  ten  years  includes: — Mechanical  structural  and 
reinforced  concrete  design  in  pulp  and  paper  mills, 
industrial  plants,  hydro-electric,  mine,  sewers  and 
sewage  disposal  plant  construction.  My  experience  also 
includes  shop  production,  steam  plant  combustion,  fuel 
analysing,  inspecting,  supervising  and  instrument  work 
on  industrial  construction.  Permanent  position  pre- 
ferred.   Apply  to  Box  No.  521-W. 

CONSTRUCTION  ENGINEER,  age  26.  unmarried, 
graduate  C.E.  Experience  includes  hydro-electric,  rail- 
road, highway,  and  industrial  plant  construction,  both 
field  and  office,  including  cost  accounting,  estimating, 
stores,  layout,  general  engineering  and  supervision,  as 
well  as  practical  work  in  mechanical  trades.  Apply  to 
Box  No.  567-W. 

MECHANICAL  ENGINEER,  experienced  in  mechanical 
and  structural  design,  and  plant  maintenance.  Apply 
to  Box  No.  571-W. 

DOMINION  LAND  SURVEYOR,  and  graduate  engineer 
with  extensive  experience  on  legal,  topographic  and 
plane-table  surveys  and  field  and  office  use  of  aero- 
photographs,  desires  employment  either  in  Canada  or 
abroad.     Available  at  once.     Apply  to  Box  No.  689-W. 

DESIGNING  ENGINEER  AND  ESTIMATOR,  grad. 
Univ.  of  Toronto  in  C.E.,  a.m. e. i.e.,  twenty  years 
experience  in  structural  steel,  construction  and  munic- 
ipal work.  Available  at  once.  Apply  to  Box  No. 
613-W. 

ELECTRICAL  ENGINEER,  McGill  '31,  desires  per- 
manent position  in  engineering  field.  Experience  in- 
cludes draughting,  designing  and  testing  of  induction 
motors,  radio  supervision  and  test,  and  some  construc- 
tion.   Available  immediately.    Apply  to  Box  No.  626-W. 

ELECTRICAL  AND  RADIO  ENGINEER,  b.sc.  '30. 
Variously  engaged  on  receiver  development  work,  test- 
ing, and  transformer  development,  under  direction. 
More  recent  experience  includes  transmitter  test  room 
procedure  and  short  wave  beam  transmission  engineer- 
mg.    For  further  information  apply  to  Box  No.  680-W. 


Situations  Wanted 

MECHANICAL  AND  STRUCTURAL  ENGINEER. 
Six  years  experience  with  prominent  manufacturer, 
designing,  heating  and  power  boilers,  boiler  installations, 
coal  and  ash  handling  equipment.  Good  practical  knowl- 
edge of  steel  plate  work  welding.  Also  wide  experience 
in  designing,  estimating  and  detailing  structural  steel 
for  buildings  and  bridges.  Good  education.  Have  held 
position  of  responsibility.  Above  can  be  verified  by 
best  of  references.  Available  at  once.  Apply  to  Box 
No.  692-W. 

ELECTRICAL  AND  CIVIL  ENGINEER,  b.sc,  Elec. 
'29,  B.sc.  Civil  '33.  Age  27.  jr.B.i.c.  Undergraduate 
experience  in  surveying  and  concrete  foundations;  also 
four  months  with  Canadian  General  Electric  Co.  Thirty- 
three  months  in  engineering  office  of  a  large  electrical 
manufacturing  company  since  graduation.  Good 
experience  in  layouts,  switching  diagrams,  specifica- 
tions and  pricing.  Best  of  references.  Available  im- 
mediately.   Apply  to  Box  No.  693-W. 


Employment  Service  Bureau 

This  bureau  is  maintained  by  The  Engineering 
Institute  of  Canada  for  the  benefit  of  members 
and  organizations  employing  technically  trained 
men. 

An  enquiry  addressed  to  2050  Mansfield  Street, 
Montreal,  will  bring  full  information  concerning 
the  services  offered.  Details  can  also  be  obtained 
from  Branch  secretaries  who  are  located  in  the 
larger  centres  throughout  Canada. 

Brief  announcements  of  men  available  and  po- 
sitions vacant  will  be  published  without  charge 
in  The  Engineering  Journal  and  the  Bulletin. 
Replies  addressed  in  care  of  the  required  box  nimi- 
ber  will  be  forwarded  to  the  advertiser  vrithout 
delay. 

An  additional  service  also  offered  those  who  are 
unemployed  or  wish  to  change  their  positions,  is 
the  opportunity  of  placing  their  names  and  records 
on  file  at  20,50  Mansfield  Street  for  consideration 
by  employers  wishing  to  employ  engineers.  This 
is  of  great  assistance  as  many  employers  will  not 
advertise  or  wish  to  locate  a  suitable  man  on  short 
notice.  If  desired  the  information  contained  in 
these  records  can  be  kept  confidential. 

Forms  for  registration  purposes  may  be  obtained 
from  The  Institute  Headquarters  or  Branch  sec- 
retaries. 


MECHANICAL  ENGINEER,  b.sc,  '27,  jr.B.i.c.  Four 
years  maintenance  of  high  speed  Diesel  engine  units, 
200  to  1,300  h.p.  Also  maintenance  of  d.o.  and  a.o. 
electrical  systems  and  machinery.  Draughting  expe- 
rience. Westinghouse  apprenticeship  course.  Practical 
mechanical  and  electrical  engineer  with  a  special  study 
of  high  speed  Diesel  engine  design,  application  and 
operation.  Location  in  western  or  eastern  Canada 
immaterial.    Apply  to  Box  No.  703-W. 

COMBUSTION  ENGINEER.  R.P.B.,  Manitoba,  a.m.e.i.c. 
Wide  experience  with  all  classes  of  fuels.  Expert  de- 
signer and  draughtsman  on  modern  steam  power  plants. 
Experienced  in  publicity  work.  Well  known  throughout 
the  west.  Location,  Winnipeg  or  the  west.  Available 
at  once.    Apply  to  Box  No.  713-W. 

ELECTRICAL  ENGINEER,  b.sc.  University  of  N.B., 
'31.  Experience  includes  three  months  field  work  with 
Saint  John  Harbour  Reconstruction.  Apply  to  Box  No. 
722-W. 

CIVIL  ENGINEER,  b.sc  (Alta.  '31),  a.E.i.c.  Experience 
includes  three  seasons  in  charge  of  survey  party.  Tran- 
sitman  on  railway  maintenance,  and  concrete  bridge 
designing.  Nature  of  work  and  location  immaterial. 
Apply  to  Box  No.  724-W. 

YOUNG  CIVIL  ENGINEER,  b.sc.  (Univ.  of  N.B.  '31), 
with  experience  as  rodraan  and  checker  on  railroad 
construction,  is  open  for  a  position.  Apply  to  Box  No. 
728-W. 

MECHANICAL  ENGINEER,  s.b.i.c.  b.a.so.,  Univ. 
of  B.C.  '30.  Single,  age  24.  Sixteen  months  with  the 
AUis-Chalmers  Mfg.  Co.  as  student  engineer.  Ex- 
perience includes  foundry  production,  erection  and 
operation  of  steam  turbines,  erection  of  hydraulic  ma- 
chinery, and  testing  texropes  and  centrifugal  pumps. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  735-W. 


Situations  Wanted 

CIVIL  ENGINEER,  m.sc.  a.m.e.i.c,  r.p.e.  (Ont.),  ten 
years  experience  in  municipal  and  highway  engineering. 
Read,  write  and  talk  French.  Married.  Served  in 
France.  Will  go  anywhere  at  any  time.  Experienced 
journalist.    Apply  to  Box  No.  737-W. 

RADIO  AND  ELECTRICAL  ENGINEER,  b.so.  '31, 
8.B.I.C.  Age  27.  Experience  in  installation  of  power 
and  lighting  equipment.  Temporary  operator  in  radio 
station;  studio  experience  with  part  time  announcing. 
Two  summers  in  switchboard  and  installation  depart- 
ment of  telephone  company,  eight  months  on  extensive 
survey  layouts.  Interested  in  sales  work  of  electrical 
orradio  equipment.  Available  on  short  notice.  Location 
immaterial.    Apply  to  Box  No.  740-W. 

CIVIL  ENGINEER,  b.sc.  '29,  a. me  i.e.  Married.  One 
year  building  construction.  One  year  hydro-electrio 
construction  in  South  America,  eighteen  months  resident 
engineer  on  highway  construction,  one  year  on  harbour 
design  and  construction.  Working  knowledge  of  Spanish. 
Apply  to  Box  No.  744-W. 

MANAFACTURERS'  REPRESENTATIVE,  at  present 
doing  business  with  leading  industrial  organizations  in 
Canada,  wishes  to  represent  manufacturers  of  mechan- 
ical equipment.  Such  work  as  would  involve  tech- 
nical data,  and  the  preparation  of  plans  where  necessary, 
would  be  handled  by  an  engineer  whose  experience  with 
outstanding  firms  and  projects,  would  be  valuable  to 
those  seeking  representation.    Apply  to  Box  No.  764-W. 

CIVIL  ENGINEER,  s.e.i.c.  b.so.  Queen's  Univ.  '29. 
Age  25.  Married.  Three  years  experience  as  con- 
struction supt.  and  estimator  for  contracting  firm. 
Experience  includes  general  building,  bridges,  sewer 
work,  concrete,  boiler  settings,  sand  blasting  of  bridge* 
and  spray  painting.  Available  at  once.  Apply  to  Box 
No.  776-W. 

CIVIL  ENGINEER,  b.sc,  '25,  jr.B.i.c,  P.B..Q.  married. 
Desires  position,  preferably  with  construction  firm. 
Experience  includes  railway,  monument  and  mill 
building  construction.  Available  immediately.  Apply 
to  Box  No.  780- W. 

DRAUGHTSMAN,  experience  in  civil  engineering, 
forestry  engineering,  land  surveying  and  house  con- 
struction.   Good  references.    Apply  to  Box  No.  781-W. 

PLANT  ENGINEER  or  SUPERINTENDENT,  capable 
of  supervising  all  phases  of  industrial  plant  operation, 
graduate  electrical,  eleven  years  diversified  industrial 
experience  including  test  course,  four  years  on  large 
Quebec  industrial  development,  on  construction  and 
operation,  also  six  years  with  prominent  consulting  firm 
supervising  electrical  and  mechanical  engineering 
projects.    Age  31.  single.    Apply  to  Box  No.  795-W. 

CIVIL  ENGINEER,  s.e.i.c,  graduate  '30,  age  23,  single. 
Experience  includes  mining  surveys,  assistant  on  high- 
way location  and  construction,  and  assistant  on  large 
construction  work.  Steel  and  concrete  layout  and 
design.     Apply  to  Box  No.  809-W. 

CIVIL  ENGINEER,  b.b.  (Sask.  Univ.  '32),  s.b.i.c. 
Single.  Experience  in  city  street  improvement;  sewer 
and  water  extensions.  Good  draughtsman.  References. 
Available  at  once.  Location  immaterial.  Apply  to  Box 
No.  818-W. 

CIVIL  ENGINEER,  b.a.sc.  d.l.s.,  o.l.s..  a.u.b.i.c, 
age  46,  married.  Twelve  years  experience  in  charge  of 
legal  field  surveys.  Owns  own  surveying  equipment. 
Eight  years  on  technical,  administrative,  and  editorial 
office  work.  Experienced  in  writing.  Desires  position 
on  survey  work,  assisting  in  or  in  charge  of  preparation 
of  house  organ,  on  staff  of  technical  or  semi-technical 
magazine,  or  on  publicity,  editorial  or  administrative 
office  work.  Available  at  once.  Will  consider  any  salary, 
and  any  location.     Apply  to  Box  No.  831-W. 

CIVIL  ENGINEER,  s.e.i.c,  b.sc  '32  (Univ.  of  N.B.). 
Age  25.  Married.  Two  years  experience  in  power  line 
construction  and  maintenance;  one  year  of  highway 
construction;  one  summer  surveying  for  power  plant 
site,  location  and  spur  railway  line  construction.  Avail- 
able at  once.  Location  immaterial.  Apply  to  Box 
No.  840-W. 

CIVIL  ENGINEER,  b.sc  '15.  a.m.e.i.c,  married,  exten- 
sive experience  in  responsible  position  on  railway  con- 
struction, also  highways,  bridges  and  water  supplies. 
Position  desired  as  engineer  or  superintendent.  Avail- 
able at  once.     Apply  to  Box  No.  841-W. 

STRUCTURAL  ENGINEER,  B.A.SC,  a.m.e.i.c  Twenty- 
two  years  experience  in  design  of  bridges  and  all  types 
of  buildings  in  structural  steel  and  reinforced  concrete. 
Three  years  experience  in  railway  construction  and 
land  surveying.    Apply  to  Box  No.  856-W. 

MECHANICAL  ENGINEER,  B.sc  '32,  s.e.i.c  Good 
draughtsman.  Undergraduate  experience: — One  year 
moulding  shop  practice;  two  years  pipe  fitting  and  sheet 
metal  work;  one  year  draughting  and  tracing  on  paper 
mill  layout;  six  months  machine  shop  practice;  and 
eight  months  fuel  investigation  and  power  heating 
plant  testing.  Desires  position  offering  experience  in 
steam  power  plants  or  heating  and  ventilating  design. 
Will  go  anywhere.    Apply  to  Box  No.  858-W. 

SALES  ENGINEER,  a.m.e.i.c,  graduate  engineer,  age  34. 
practical  experience  in  the  manufacture  of  power  plant 
equipment,  thoroughly  conversant  with  Canadian 
power  plant  practice  and  equipment  for  the  metal 
working  industries.  Available  on  short  notice.  Apply 
to  Box  No.  860-W. 
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Situations  Wanted 

CHEMICAL  ENGINEER,  B.so.  (McGill  '21),  a.m.e.i.c, 
age  36,  married;  three  years  since  graduation  with  pulp 
and  paper  mills;  eight  years  in  shops,  estimating  and 
sales  divisions  of  well-known  gas  engineering  and  con- 
struction companies  in  the  United  States.  Excellent 
references.  Available  on  short  notice.  Apply  to  Box 
No.  866-W. 

ELECTRICAL  ENGINEER,  graduate  1929,  b.e.i.c. 
Single.  Experience  includes  two  years  with  electrical 
manufacturing  concern  and  one  on  highway  construction 
work.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  887-W. 

AGENCIES  WANTED.  Young  engineer,  b.a.sc.  in  c.e., 
with  business  and  sales  experiences,  speaking  fluent 
French,  would  consider  representing  a  firm  as  agent 
for  Montreal  jr  the  province  of  Quebec.  Apply  to  I3ox 
No.  891-W. 

ELECTRICAL  ENGINEER,  grad.  Univ.  of  N.B.  '31. 
Experienced  in  surveying  and  draughting,  requires 
position.  Available  at  once.  Will  go  anywhere.  Apply 
to  Box  No.  893-W. 

CIVIL  ENGINEER,  b.a.sc,  jr.K.i.c.  age  29,  single. 
Experience  includes  two  years  in  pulp  mill  as  draughts- 
man and  designer  on  additions,  maintenance  and  plant 
layout.  Three  and  a  half  years  in  the  Toronto  Buildings 
Department  checking  steel,  reinforced  concrete,  and 
architectural  plans.  Available  at  once.  Location  im- 
material. At  present  in  Toronto.  Apply  to  Box  No. 
899-W. 

DESIGNING  ENGINEER,  a.m.e.i.c.  Permanent  and 
executive  position  preferred  but  not  essential.  Fifteen 
years  experience  in  designing  power  plants,  engine 
and  fan  rooms,  kitchens  and  laundries.  Thoroughly 
familiar  with  plumbing  and  ventilating  work,  pneu- 
matic tubes,  and  refrigeration,  also  heating,  electrical 
work,  and  specifications.     Apply   to  Box   No.   913-W, 

CIVIL  ENGINEER,  b,8c.,  o.p.e.  Experience  includes 
several  years  on  municipal  work-design  and  construction 
of  sewers,  steel  and  concrete  bridges,  watermains  and 
pavements.  Available  at  once.  Apply  to  Box  No. 
950-W. 

CIVIL  ENGINEER,  b.sc.  (Univ.  of  Sask.  '33).  b.e.i.c, 
age  28,  single.  Experience  in  testing  hydro-electric 
equipment,  draughting,  surveying,  city  street  improve- 
ments, technical  photography.  Available  at  once.  Lo- 
cation immaterial.    Apply  to  Box  No.  986-W. 

ELECTRICAL  ENGINEER,  b.e.i.c,  b.sc.  (N.S.  Tech. 
Coll.,  '33),  desires  work.  Experience  in  transmission  line 
construction.  Location  or  class  of  work  immaterial. 
Apply  to  Box  No.  1010-W. 

ENGINEER  SUPERINTENDENT,  age  44.  Engineering 
and  business  training,  executive  ability,  tactful,  ener- 
getio.  Had  charge  of  several  large  projects.  Intimate 
knowledge  of  costs  and  prices,  reports  and  estimates. 
Available  immediately.  Any  location.  Apply  to  Box 
No.  1021-W. 

CIVIL  ENGINEER,  b.so.  (Queeii's.  '14),  a.u.b.i.c,  Do- 
minion Land  Surveyor,  6  months  special  course  at  the 
University  of  London,  England,  in  municipal  hygiene 
and  reinforced  concrete  construction.  Experience 
covers  legal  and  topographic  surveys,  plane  tabling  and 
stadia  surveying,  railway  and  highway  construction, 
drainage  and  excavation  work.  Available  at  once. 
Apply  to  Box  No.  1035-W. 

ENGINEER,  jr.E.i.c,  e.e.  '29,  is  very  interested  in 
applying  electrical  methods  to  cement  testing  and 
research  work.     Apply  to  Box  No.  1062-W. 

ELECTRICAL  ENGINEER  AND  GEOPHYSICIST. 
Age  36.  Married.  Seven  years  experience  in  geophysi- 
cal exploration  using  seismic,  magnetic  and  electrical 
methods.  Two  years  experience  with  the  Western 
Electric  Company  of  Chicago,  working  on  equipment 


Situations  Wanted 

and  magnetic  materials  research.  Experienced  in  radio 
and  telephone  work,  also  specializing  in  precise  electrical 
measurements,  resistance  determinations,  ground  po- 
tentials and  similar  problems  of  ground  current  dis- 
tribution.   Apply  to  Box  No.  1063-W. 

ELECTRICAL  ENGINEER,  b.a.bo.  Univ.  Toronto  '28. 
Experience  includes  Can.  Gen.  Eleo.  Co.  Test  Course. 
Also  more  than  two  years  in  the  engineering  dept.  of 
the  same  company.  Available  on  short  notice.  Pre- 
ferred location  central  or  eastern  Canada.  Apply  to 
Box  No.  1075-W. 

ELECTRICAL  ENGINEER,  b.bc.  Married.  Eight 
years  electrical  experience,  including  operation,  main- 
tenance and  construction  work,  electrical  design  work 
on  large  power  devtilopraent.  mechanical  ability,  ex- 
perienced photographer,  employed  in  electrical  capacity 
at  present.  Available  on  reasonable  notice.  Apply  to 
Box  No.  1076-W. 

GRADUATE  IN  MECHANICAL  ENGINEERING. 
1927,  desires  opportunity  in  Diesel  engine  field,  pre- 
ferably in  design  and  development  work.  Skilled 
draughtsman  and  clever  in  design.  Familiar  with  basic 
theories  of  the  Diesel  engine  and  in  touch  with  recent 
developments  and  applications.  Anxious  to  obtain  a 
foothold  with  up-to-date  company.  No  objection  to 
shopwork  or  other  duties  as  a  start  but  would  prefer 
shopwork  and  assembly  if  possible.  Apply  to  Box  No. 
1081-W. 

CIVIL  ENGINEER,  b.sc.  Sask.  '30.  b.e.i.c.  Age  24 
years.  Experience  in  municipal  engineering,  including 
sewer  and  water  construction,  sidewalk  construction, 
paving,  storm  sewer  design,  draughting,  precise  levelling, 
and  reinforced  concrete  bridge  construction.  Unmar- 
ried. Available  at  once.  Will  go  anywhere.  Apply  to 
Box  No.  1115-W. 

ELECTRICAL  ENGINEER,  b.bc.b.b.  (Univ.  of  N.B. 
'31).  C.G.E.  Test  Course  included  industrial  control, 
induction  motors  and  transformers;  the  transformer 
test  included  desk  work  for  two  months  on  computing 
losses,  efficiencies,  etc.  Available  at  once.  Apply  to 
Box  No.  1119-W. 

MECHANICAL  ENGINEER,  b.a.bo.  (Univ.  of  B.C.  '29); 
MB.  Age  27.  Single.  Four  years  experience  in  research 
work  in  applied  mechanics  and  materials  testing.  Desires 
position  involving  analytical  work  in  design,  develop- 
ment or  testing.  Available  on  short  notice.  Apply  to 
Box  No.  1023-W. 

PETROLEUM  CHEMIST,  b.bc  in  Chera.  Eng.  A^e  25. 
Single.  One  and  a  half  years  experience  as  assistant 
chemist.  Capable  of  taking  charge  in  small  refinery. 
Wishes  position  anywhere  in  Canada.  Apply  to  Box 
No.  1130-W. 

ELECTRICAL  ENGINEER,  b.sc.  Queen's  '33.  Single, 
age  23.  Anxious  to  gain  experience.  Present  ex- 
perience installing  small  private  hydro-electrio  plant. 
Location  immaterial.  Available  at  once.  Apply  to 
Box  No.  1137-W. 

CIVIL  ENGINEER,  a.m.e.i.c.  with  over  twenty  years 
experience  in  field  and  office  on  construction,  main- 
tenance, surveying,  location,  etc.,  desires  position  pre- 
ferably of  a  permanent  nature.  At  present  near  Mont- 
real, but  willing  to  locate  anywhere.  Apply  to  Box 
No.  1168-W. 

CIVIL  ENGINEER,  b.a.bo.,  b.e.i.c,  age  26,  single. 
Experience  includes  one  year  in  bridge  construction, 
plain  and  reinforced  concrete,  pneumatic  caissons  and 
surveying.  Available  at  once.  Any  location.  Apply  to 
Box  No.  1204-W. 

PHYSICIST  ENGINEER,  B.Sc.Mech.  (Queen's  1913), 
M.Sc,  Ph.D.Physics  (McGill  1929,  '30).  Experience  in 
municipal  engineering,  producer  gas  installation  and 
operation,  university  plant  maintenance.  Experienced 
teacher  of  college  physics.  Industrial  and  pure  physical 
research  experience.  Age  42.  Married.  Apply  to  Box 
No.  1207-W. 


Situations  Wanted 

MECHANICAL  ENGINEER,  b.bc  (Queen's  Univ.  '28), 
age  36,  married,  desires  position  of  trust  and  responsi- 
bility. Experience  includes  fitting  and  assembly  of 
machine  tools,  production,  draughting,  and  maintenance. 
Five  years  teaching  draughting  and  mathematics.  Avail- 
able on  reasonable  notice.  Location  immaterial.  Apply 
to  Box  No.  1210-W. 

CIVIL  ENGINEER,  b.a.,  b.a.bc,  be. i.e.,  Canadian,  age 
27,  single.  Experience  includes  eighteen  months  in 
general  building  construction.  Writes  and  speaks  both 
French  and  English  fluently.  Available  at  once  for  any 
suitable  position  in  general  engineering.  Apply  to  Box 
No.  121 1-W. 

CIVIL  ENGINEER,  b.sc.  '34  (Univ.  of  N.B.).  age  24. 
Experience  includes  construction  and  highway  engi- 
neering. Desires  position  with  contracting  or  manufac- 
turing firm.  Interested  in  design.  References.  Will 
consider  any  location.    Apply  to  Box  No.  1214-W. 

ENGINEER,  with  twenty  years  experience  in  industrial, 
pulp  and  paper  mill,  and  general  engineering  and  design. 
Age  41.  Last  five  years  chief  engineer  of  paper  mill  mak- 
ing newsprint  specialties  and  toilet  tissues.  Apply  to 
Box  No.  1246-W. 

ELECTRICAL  ENGINEER,  b.bc.  '34  (Univ.  of  N.B.), 
B.E.I.C.  Age  21.  single.  Desires  any  kind  of  electrical 
work.  Will  consider  any  location.  Apply  to  Box  No. 
1262-W. 

CIVIL  ENGINEER.  Univ.  Toronto  '33.  age  24.  married. 
One  year  as  instrumentman  with  provincial  department 
of  highways.  Experience  in  concrete  and  retread  con- 
struction grading,  culverts,  etc.  Also  draughting, 
estimating  and  general  office  practice.  Apply  to  Box 
No.  1265-W. 

ELECTRICAL  GRADUATE,  b.e.i.c.  b.bo.  '32,  m.bc.  '34. 
Experience  includes  four  years  as  part  time  operator 
and  announcer  for  a  radio  broadcast  station.  At  present 
employed  in  radio  repair  dept.  of  a  large  wholesale  firm. 
Apply  to  Box  No.  1283-W. 

ELECTRICAL  ENGINEER,  b.so.,  b.b.,  a.m.b.i.c  Univer- 
sity of  Manitoba  '28.  Age  32.  Married.  Experienoe 
one  year  power  line  construction,  five  years  resiaent  and 
assistant  district  engineer  on  highway  construction;  two 
years  highway  traffic  regulation  in  charge  of  district 
office.  Good  connections  in  Manitoba  and  Saskatche- 
wan. Excellent  references.  Available  at  once  and  will 
go  anywhere.  Located  in  Winnipeg.  Apply  to  Box 
No.  1316-W. 

ENGINEER  AND  DRAUGHTSMAN,  jr.B.i.c,  age  33, 
married.  Diplomas  from  Mtl  Tech.  Inst,  in  R.C.  and 
Structural  Design,  llj^  years  experience  in  civil  engi- 
neering, draughting  and  instrument  work.  This  includes 
7  years  with  M.L.H.  &  P.  Cons,  as  field  engineer  on 
construction  and  maintenance  of  gas  mains.  Present 
location  Montreal.  Available  at  once.  Apply  to  Box 
No.  1326-W. 

GRADUATE  ENGINEER,  (McGill),  in  responsible 
charge  of  design,  construction  and  operation  of  hydro- 
electric plants.  Also  power  design  and  mechanical 
maintenance  of  industrial  plants.  Apply  to  Box  No. 
1328-W. 

MECHANICAL  ENGINEER,  recent  grad.  University  of 
Toronto,  b.a.bc.  in  mech.  engrg,  24  years  old,  b.e.i.c, 
now  managing  a  chain  store,  desires  engineering  work. 
Present  location  So.  Ontario.  Location  immaterial. 
Best  of  references.    Apply  to  Box  No.  1348-W. 

CIVIL  ENGINEER,  a.m.e.i.c.  Married.  Age  38. 
Twenty  years  experience  in  organization,  design  and 
estimating,  and  cost  accounting.  Active  service  in 
France.    Apply  to  Box  No.  1367-W. 


Symposium  on  Welding 

A  symposium  on  the  welding  of  iron  and  steel  organised  by  the 
Iron  and  Steel  Institute,  London,  England,  in  cooperation  with  fifteen 
other  institutions  and  technical  societies  was  held  in  London  in  May, 
1935.  One  hundred  and  fifty  papers  were  presented,  and  over  one 
thousand  persons  were  present  at  some  of  the  sessions. 

The  bound  volumes  containing  a  full  account  of  the  proceedings 
were  published  in  November,  and  take  the  form  of  two  volumes  con- 
taining respectively  seven  hundred  and  one  thousand  pages  of  print 
and  a  large  number  of  illustrations,  they  include  technical  papers 
written  for  the  symposium  by  leading  experts  and  discussions  of  the 
papers  and  authors'  replies. 

The  Organizing  Committee  has  kindly  offered  to  make  the  volumes 
available  to  members  of  The  Engineering  Institute  at  a  specially 
reduced  price  of  £1  12s.  per  set,  carriage  paid.  To  obtain  this  reduction 
from  the  standard  rate  of  £2  4s.  orders  should  be  placed  through  The 
Engineering  Institute. 


Canada  and  U.S.A. 

In  connection  with  the  negotiations  which  have  been  taking  place 
for  a  commercial  agreement  between  the  United  States  and  Canada, 
some  interesting  data  have  been  made  public  regarding  the  balance 
of  payments  between  the  two  countries  in  recent  years. 

According  to  a  statement  submitted  to  Washington  by  Ottawa, 
in  no  years  since  1882  have  Canadian  exports  to  the  United  States 
exceeded  in  value  the  Dominion's  imports  from  the  United  States. 
During  the  thirty  years  ending  in  1933,  Canada  purchased  in  the 
United  States  almost  70  per  cent  of  all  her  imports  and  sold  in  the 
United  States  only  37  per  cent  of  all  her  exports.  In  the  last  ten  years 
Canadians  have  spent  over  $1.60  in  buying  products  of  the  United 
States  for  every  dollar  spent  on  Canadian  products  by  purchasers  in 
the  United  States,  and  Canada  therefore  has  been  obliged  to  meet  the 
resulting  debit  balance  by  other  means  of  payment.  In  the  first  nine 
months  of  1934,  again,  Canadian  imports  from  the  United  States 
increased  more  rapidly  than  Canadian  exports  to  the  United  States, 
and  the  ratio  between  them  is  now  stated  at  10  to  7. 

'-The  Times  Trade  and  Engineering. 
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